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FOREWORD

The IAEA Operational Safety Review Team (OSART) programme provides
advice and assistance to Member States fpr 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 second in a series that was started by
IAEA-TECDOC-458. The next report is planned to be a summary of OSART
missions during the twelve months from June 1988 to May 1989.
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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 1987 to May 1988. The IAEA hopes that responsible
organizations 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 good 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 concern which have already been identified.

A total of 7 OSART missions were made during the period June 1987 to
May 1988. Five operating plants and two plants in the construction stages
were reviewed, in 7 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 10 to 12 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 rest are
consultants from various countries separately recruited for each mission.
In addition, up to four people from developing countries, often equally
experienced and well qualified, may participate as observers on an OSART.
By the end of May 1988, 197 external consultants and observers from 30 IAEA
Member States had participated in OSART missions.

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



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

o The teams do not assess the safety features of plant design, but focus
on practices developed to assure the safe operation of each
installation, and on the preparedness of operators to deal with
off-normal situations. Design aspects are reviewed only to the extent
that they are relevant to control or monitoring of the status of the
plant, or the radiological situation.

o An OSART mission is not a "regulatory" type of inspection aimed at
determining the degree to which an operating organization complies
with national requirements or international standards. It is, rather,
a comprehensive performance-oriented review which accepts different
approaches to safety. Its findings are assessed primarily against
general safety objectives, and compared with experience gained at
other power plants. However, the systematic review methodology of the
OSART can complement national efforts by providing an independent
assessment with a broader view than typical regulatory inspections.
Thus, the OSART may identify areas for potential improvement which
previously were overlooked.

o 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 local counterparts. The fact that OSART members themselves
learn from their reviews is an important although less visible product
of the OSART programme.

o A unique component of the OSART programme is its wide representation
of different countries. It is this international perspective which
makes an OSART a potentially more abundant source of ideas than
national reviews using similar methods. On the ohter 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 findings have resulted in corrective
actions; but there are also examples of findings which, from the
national point of view, have not been considered important enough to
warrant modification of the existing arrangements.

The consistency of OSART reviews is assured by means of training
sessions before the missions, and the use of written guidelines and sample
schedules for each review area. The guidelines and schedules are used as
memory aids to ensure sufficient coverage of important topics, but each
expert is free to plan his own review approach provided he meets the main
objectives.

Throughout the review, the OSART members take notes on the
observations made. These technical notes contain also any recommendations,
suggestions and good practices. They are discussed with counterpart staff
before the end of the mission and form the basis for oral presentations at
the exit meeting, which is attended by utility and regulatory body
management.

Manuscripts for the oral presentation are simultaneously draft
contributions to the official OSART Report which is prepared by the team
leader after return from the mission. It constitutes a summary of the
earlier notes and highlights major recommendations and good practices.

The OSART Report is an IAEA document, submitted through official
channels to the host country. Its distribution is initially restricted to
the parties directly involved in the OSART mission until the government of
that country informs the IAEA on its de-restriction. In six cases during
this reporting period and in 14 cases in total the host countries have
decided to make the OSART Report generally available.

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



PART A
EXECUTIVE SUMMARY

Operational Safety Review Teams (OSARTs) have concluded that all
nuclear power plants they have visited so far were being operated safely,
causing no undue risk to the health and safety of plant personnel or of the
general public.

The results of the eighteen OSART missions completed before the end of
May 1987 were summarized earlier in IAEA-TECDOC-458. The document at hand,
the second in the series, presents significant observations made by the
seven OSART missions carried out from June 1987 to May 1988. There is a
clear difference between the results of the earlier and the latest
missions. The average number and significance of recommendations and
suggestions, indicating the need to make improvements, have decreased, and
the number of good practices identified during the missions has increased.
This development, however, should not be overestimated since the sample of
nuclear power plants in the reporting period is not necessarily
representative for the nuclear industry worldwide. It takes a longer
observation period to ascertain the positive effects of the worldwide
efforts to enhance operational safety. This has to be taken into account if
the more positive results of this report are compared with the conclusions
of the earlier summary in IAEA-TECDOC-458.

Valuable exchanges of technical information have taken place during
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, at each plant visited some areas
were identified where improvements could be made. The operators of all
plants visited have responded positively and have made detailed plans to
take the recommended actions.

The most significant observations by the OSART missions are listed in
Part A of this report. In Part B, the results of reviews in each of the
eight standard subject areas are discussed in more detail. It is hoped that
operators, especially those of plants that have not yet been visited by
review teams, will make a critical comparison of their own plant with the
assessments reported here.
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Management, Organization and Administration

The importance of close management involvement in plant operations, to
ensure good performance and high levels of safety, has been noted on a
number of occasions. The operating plants visited since June 1987 are among
the top performing plants of the world and were in a good material condition
during the OSART missions. Strong management teams with high standards were
found at all plants. Management was found to be actively monitoring
important actions and events, as well as personnel performance. Management
by objective has become a common approach at all managerial and supervisory
levels. Suitable personnel policies and management development programmes
ensure the continued availability of experienced staff and qualified
supervisors and managers. Additional actions recommended in some cases
include establishing and trending of performance objectives in key areas,
utilizing computerized action tracking systems, and conducting personnel
performance appraisals.

Most operating organizations were found to have clearly defined
organizational structures with assigned responsibilities and authorities.
Some plants were advised to improve their administrative procedures in order
to ensure the consistent performance of activities.

Quality assurance programmes were generally found to be adequate. A
number of good practices were noted, such as the use of qualified experts in
audit teams, and the systematic requalification of contractors and vendors.

Fire protection and plant security arrangements were found to be
satisfactory. In some cases more fire drills, including the participation
of external fire brigades, were suggested.

Industrial safety programmes of varying quality were found. Some
plants have developed an exemplary approach with a good balance between
training, motivation, and enforcement of safe work methods. In these cases,
industrial safety was also considered in the planning of each work
activity. At some other plants, improved use of plant experience and
feedback from personnel accidents was recommended. Attention to detail,
training, and management oversight were also identified as areas where
improvements could be made to increase the level of industrial safety.

12



Reviews of document control programmes also produced mixed results.
Some plants have dedicated staff and a systematic, disciplined approach to
assure reliable document control. In other cases, recommendations were made
to ensure that documents used for operational purposes are up-to-date and
properly authorized, and that all records are securely protected and easily
retrievable.

Training and Qualifications

Strong training organizations were found at most plants. All plants
are placing a great deal of emphasis on instructor qualifications, teaching
skills, up-to-date plant knowledge, and current plant experience. Also,
most plants were found to use a systematic approach to programme evaluation
and assessment for the improvement of their training programmes.

The facilities and equipment available for training purposes are
generally adequate. Most of the plants reviewed have a plant specific
full-scope simulator; others have access to a representative simulator.
For training of maintenance personnel, mock-ups and training workshops are
frequently used. High quality student study books and instructor guidelines
have been developed that replace detailed design and operating documentation
used earlier also as training material. At a number of plants well managed
systems have been developed for the control and update of written material
and other training aids, while at other plants recommendations were made to
avoid the use of out-of-date material.

Introductory training on general topics is being provided to new
personnel at all of the plants reviewed. The training was, in general, well
organized and effective. It includes standard courses on matters relating
to personnel safety and plant administration. Periodic refresher training
on the same topics are also provided, but low personnel attendance at
refresher training is a common problem at many plants. Increased
supervisory oversight and controls should be used in this area.

The importance of management and supervisory skills training is well
recognized at most plants. Appropriate courses including leadership,
communications and administration are given to supervisory personnel at
various levels.
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The initial training of control room operators and shift supervisors
is effective and well documented; however continuing training programmes in
this area need to be improved and better structured. Very limited
continuing training is provided other than simulator training. The OSARTs
have consequently recommended that more emphasis be placed on providing
classroom refresher training on safety systems and infrequently performed
but difficult tasks. Continuing training at the simulators is also of
varying quality. The OSARTs have recommended that long-term simulator
training plans be developed. They should cover the topics that have to be
periodically refreshed. Active involvement of operations management in
planning and preparation of the simulator courses should be made a standard
practice. The training should also include well structured training
sessions with adequate pre-exercise briefs, detailed exercise guides and
post-exercise critiques. Such features are found in the best programmes.

Methods for recruiting and training field operators and maintenance
personnel vary from country to country depending on the local industrial
tradition. In general, however, adequate basic skills and knowledge are
provided before a person starts independent work. In some cases more
structure and formal controls were recommended for on-the-job training. A
current trend encouraged by the OSARTs is to increase the plant system
training provided to these personnel, even including simulator
demonstrations, so that they have a better overall understanding of plant
operations.

Radiation protection personnel at all plants were found to be well
qualified and trained. Technical support personnel were also found to be
generally well qualified based on their educational backgrounds and
extensive plant experience, often gained during plant design and
construction. At the older plants many of the technical support staff have
previous plant operation experience.

Operations

The organization for plant operations was found to be clearly
structured and staffed with an adequate number of personnel at all plants
visited by the OSART. The shift supervisor's responsibility and authority
is generally well defined and understood, and assistance from the
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maintenance and technical support staff is available as required. Some
plants employ staff qualified for more than one duty, thus permitting job
rotation within operating crew. This ensures good communication and
co-operation among the crew members and ensures immediate availability of
qualified replacement staff should abnormal circumstances demand it.

At one plant experience in the shift supervisor post is considered an
essential prerequisite for a future managerial career. Although the OSART
appreciated that this was desirable, concern was recorded at the resultant
high rate of staff turnover in the shift supervisor post. Other concerns
observed by the OSART, with respect to organizational matters, were
assignment of unnecessary administrative burdens to the shift supervisor,
and lack of formal arrangements for ensuring assistance to the shift
supervisor during backshift hours and at weekends. In one case it was
recommended that the shift supervisor should use the proper channels of
communication and should not bypass the foreman when he communicates with
the field operators.

The procedures and documents available to the operators in the control
rooms of all plants visited by the OSART are adequate for safe operation.
However, observations made during the OSART missions indicated that
additional work is needed to minimize shortcomings in individual
procedures. The use of outdated or temporary and non-authorized procedures
and documents is a generic problem which can be solved only by imposing a
high level of discipline and by operators and by their supervisors and
managers paying attention to detail. Significant progress has been made
worldwide during the last ten years in developing and implementing
symptom-based emergency operating procedures and procedures for mitigating
the consequences of potential severe accidents. However, at many plants
visited this work is still at an early stage of development.

OSARTs noted innovative approaches to methods for controlling plant
equipment status. The correct position of important manually operated
valves is ensured at some plants with built-in locks, and can be verified
from a key rack in the control room. Inoperable safety system parts are
clearly displayed on a board in the control room. Computer systems to
process and display plant status information are being implemented. Despite
the progress made, there are some persistent concerns in this area. At some
plants the number of alarm lights which are on during normal operation were

15



judged to be too high, the urgency of response to different alarms should be
better specified and indicated, and some combined alarms should be separated
to make the alarm cause readily identifiable.

The high number and inadequate control over temporary modifications at
one plant was found to be unsatisfactory. It was considered that
insufficient resources were directed to solving the problem.

Operating equipment and facililities were found to be generally
satisfactory, except for shortcomings at some plants in ensuring that the
main control room remains habitable during radiological emergencies. For
instance, at one plant the ventilation system does not provide adequate
filtration of incoming air, and fixed radiation monitoring equipment was not
installed. OSARTs also recommended that some plants should seek to reduce
noise levels in the main control room, and improve control over personnel
access.

Maintenance

Most of the plants reviewed were found to have an effective
maintenance organization and management. In some cases better co-ordination
of engineering support for the various maintenance activities was
recommended. OSARTs have in general favoured an approach in which a single
individual is responsible for all maintenance activities and resources. At
one plant, most of the maintenance work was carried out on shift. At this
plant, it was noted that there was a large backlog of corrective maintenance
work. There were indications that there were insufficient manpower
resources at this plant to cope with a large workload. Additionally, it was
thought that the organizational arrangements probably contributed to the
inefficient use of labour.

The conduct of maintenance was generally found to be caring and
professional. Some plants have established a good practice of having
complete spare components or replacement sets in stock, thus permitting fast
exchange and overhaul without time constraints. At one plant it was
recommended that more attention be paid to the adoption of suitable methods
for preventing entry of foreign material to systems undergoing maintenance
work.
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Many plants have excellent systems for work planning and controls,
including daily co-ordinating meetings between maintenance, operating and
support staff, and computer follow-up of the work status. At some plants
the maintenance history of each component is easily retrievable from the
computer. OSARTs have recommended that priorities be set for work to be
carried out, that work is authorized by appropriate persons, and that
special requirements such as post-maintenance testing and personnel safety
matters be included in work order forms. They have sometimes recommended
more co-ordination in work scheduling and progress monitoring, and have
emphasized the importance of keeping systematic maintenance history records.

All plants reviewed have a comprehensive preventive maintenance
programme, supported by adequate procedures and other instructions. The
programmes are regularly updated using the experience from components at
their own and at other plants. A predictive maintenance capability is being
developed at many plants, using both results from surveillance testing and
continuous on-line monitoring of vital equipment. This involves the
increasing use of new diagnostic techniques.

In-service inspection programmes were found adequate at all plants
reviewed: they are in accordance with proper standards and carefully
imp lemented.

Outage management was often found to be excellent, contributing to the
high performance results achieved. Major tasks are planned for several
years ahead. Typically, a competent planning group, including both
operation and maintenance staff, is assigned 6-12 months before the outage.
Computer aided scheduling and frequent co-ordination meetings support close
control of all activities. After the outage a critique meeting is held and
a detailed report is written.

Maintenance facilities and equipment were in general found to be
adequate and well organized. A good practice noted at one plant is the
provision of several clean, well-equipped workshops throughout the plant
area. In another case a good programme for the calibration of measuring and
test equipment was seen. Some older plants have to cope with lack of space
and decontamination facilities.

Most of the the stores seen by the OSARTs are adequate, well organized
and environmentally controlled. Computer records are kept for spare part

17



technical data, plant inventory, and component location. In some cases more
segregation between safety-related and other equipment, and of stainless
versus carbon steel was recommended. Other concerns noted were lack of
space, environment control, inventory control, stocking specifications and
fire protection.

Technical Support

Support in the reactor engineering area was considered to be good at
all plants reviewed. Fuel handling also generally received high marks as
being careful and professional.

Surveillance test programmes are mostly adequate, and in some cases
excellent. The best programmes provide good input for predictive
maintenance work and regular verification of claimed systems reliability. A
good practice seen at one plant is inclusion of all periodic testing and
inspection activities into a single programme, thus ensuring consistent
procedures and simplifying scheduling and monitoring of test performance.
An important issue in surveillance testing is definition of adequate and
unambiguous acceptance criteria for all parameters to be observed during the
tests. In this respect each plant could still improve at least some of
their test procedures. At some plants, the OSART recommended more
systematic analysis of results for trends, and establishment of a file from
which records can be retrieved easily, the time for which each record should
be maintained being specified.

Operating experience feedback is an area that often needs improvement
although good progress has been made in some cases. For instance, many
countries have established a dedicated national organization for collecting,
treating and distributing information on worldwide experience. Another good
practice is to organize annually a meeting at the working level of people
who work in similar jobs at different power plants within the country.

To improve operating experience feedback, OSARTs have often
recommended a more formal and systematic approach to the evaluation of
events and to the implementation of corrective actions. In most cases,
industry-wide experience could be used more efficiently by improving
co-ordination and by assigning some additional resources for this duty
within the plant organization.
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With respect to plant modifications, OSARTs have noted without
exception adequate evaluation of proposals and disciplined implementation.
However, more attention should often be given to the timely updating of
relevant documents, and to the co-ordinated training of personnel on
modifications.

Radiation Protection

The high overall quality of radiation protection at all the plants
reviewed is indicated by the low occupational doses which have been found,
small releases of radioactive effluents, and the moderate amount of
radioactive waste produced.

There was a variety of organizational arrangements at the plants
reviewed, but all appeared to operate effectively and with adequate
authority. In some cases a greater involvement of radiation protection
staff in work planning was recommended to ensure that radiation protection
efforts were optimized. At one plant it was recommended that radiation
protection personnel should be on call.

Control of external and internal radiation exposure of plant personnel
is mainly performed in accordance with similar principles which have been
adopted worldwide, and recommendations with respect to improvements related
only to plant specific details. The success of the radiation protection
programme at one older plant was demonstrated by the reduction of collective
occupational doses significantly over the years. This had been achieved by
decontamination efforts, material changes in certain components, improved
training and increased use of remote controls. One plant which was still in
the construction stage showed that an extensive ALARA review on plant design
can minimize the predicted integrated dose during plant operation. At one
plant, the individual and collective annual dose was significantly lower
than those achieved elsewhere. The highest individual dose was less than
one fifth of the limit.

Instrumentation available for radiation protection was mainly judged
to be adequate, but some improvements were suggested at some plants in fixed
area monitoring systems. All plants reviewed had excellent personnel
dosimetry programmes in place. In the area of personnel dosimetry, plants
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are beginning to use modern electronic devices that greatly improve
radiation control in the work place and facilitate immediate feedback to
reduce doses.

All plants reviewed were deemed to have excellent gaseous and liquid
monitoring facilities and all carry out environmental monitoring in line
with current international practices, in many cases exceeding the national
requirements. Generally very low discharges indicate, as well as good
radiation protection, satisfactory performance in fuel management and
chemistry areas.

Radioactive solid waste is handled and processed on-site in a
satisfactory manner at most plants reviewed. Automatic processes with
remote handling, segregation of waste in different categories, and methods
to reduce waste volume were commonly found. In one case where solid waste
is only temporarily stored on-site (in the same area used for waste
conditioning) and handled elsewhere, improvements were recommended in
monitoring, ventilation, and fire protection to avoid spread of
c ontaminat i on.

Chemistry

The OSARTs have generally been impressed with the high level of work
being done in the chemistry area. Personnel resources and laboratories are
more than adequate, surveillance programmes are comprehensive, and
analytical procedures are current and up to industry standards. Some older
plants have to cope with a lack of space in laboratories, older
instrumentation, and ventilation problems. However, the shortcomings are
being compensated for by higher levels of effort in measuring techniques,
quality control, shielding, cleaning, and activity monitoring.

A general tendency has been to increase automatic on-line monitoring
of key parameters. These parameters, as well as many other manually
analyzed parameters, are being recorded and trended, and reported routinely
by computer programmes for management review and analysis.

All plants reviewed by the OSARTs have implemented necessary quality
control routines to assure the continued quality of their chemistry work.
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In some cases analytical methods are monitored by computer programmes to
test for plausibility.

Long-term programmes are implemented at all plants to reduce corrosion
and activity build-up. A number of them are ambitious and innovative, and
use the most advanced instruments available to provide a high degree of
sensitivity and accuracy.

A generic shortcoming found at most plants is a poor capability for
conducting post-accident sampling, when the primary coolant or containment
atmosphere may be highly radioactive. Some plants have already implemented
relatively good systems for sampling the containment atmosphere; however,
further work is needed to get representative samples from primary coolant
without causing excessive personnel doses.

Emergency Planning and Preparedness

The basic elements required for adequate off-site emergency plans, and
of on-site emergency plans, were found at all plants reviewed. Off-site
emergency plans at operating plants are using the concept of Emergency
Planning Zones (EPZ) and Protective Action Levels (PAL). The OSARTs have
found these approaches to be adequate. Some of the plants reviewed, as they
are only at the early commissioning stage, have so far developed only the
planning basis and the ground rules for the off-site emergency plan. In
such cases, the plans made were found to be consistent with international
practices.

The on-site emergency plans are usually well documented and
maintained. Although some improvements were suggested, they are generally
of good quality.

Most of the plants reviewed have included in their planning basis
features to aid response to low probability severe accident conditions —
beyond design basis accidents. At the remaining plants this basis is being
revised, and OSARTs have recommended that this task should be given top
priority.
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Sufficient resources are allocated to emergency planning and
preparedness in the majority of cases. Dedicated emergency planning and
preparedness organizational units have been formed at several plants. At
those plants that still rank the task of the emergency planning and
preparedness co-ordinator as a collateral duty, it has been recommended that
this position be established as a primary duty.

The emergency response organizations and staffing levels were found to
be adequate at all of the plants reviewed, providing an effective framework
for both initial and long-term emergency response. OSARTs recommended some
minor improvements in order to strengthen performance in the initial phases
of an accident. These were directed mostly towards increasing the speed
with which emergency response organizations could be alerted (for example,
the continuous use of personal alarming devices, simultaneous alarms system
for the whole emergency management team, etc.).

The response capabilities of the emergency organizations for the later
phases of emergencies were found to be adequate at most plants. Some
organizations have limited manpower available for radiological monitoring
throughout the emergency; in particular the off-site radiological
monitoring capacity is sometimes weak. OSARTS have recommended in such
cases that the plant and off-site capabilities be upgraded with automatic
and computerized radiation monitoring and dose assessment systems.

Dedicated emergency response facilities were found at all operating
plants reviewed. At plants under construction, adequate planning for
emergency response facilities, equipment, and resources are in place.

At all plants visited there were comprehensive training programmes for
the development and training of emergency personnel. The attitude towards
training is very positive, and the OSARTs were satisfied with the approaches
being taken. All of the plants have also recognized the need to perform
periodic, comprehensive, and integrated on-site and off-site exercises
involving all of the emergency response organizations. These types of
exercise, although not yet performed at all plants visited, have been
strongly recommended by the OSARTs. It was suggested, however, that some
plants should improve their use of feedback obtained from drills and
exercises to improve their overall programmes.
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In general, all plants reviewed have recognized the need for effective
emergency notification and communication systems. This area is receiving
increased attention as an important aspect of effective emergency response.
At a number of plants parallel, redundant communication systems were
available for use. The use of telefax equipment to complement oral
communications was also noted at several plants and recommended for others.
Weak emergency communications, based on the use of public telephone
networks, were noted only at one plant and improvement was recommended.

Many plants have established a public information programme: public
can learn about emergency response provisions from the pamphlets distributed
in the neighbourhood of the plant and in the educational meetings.
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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 assure the safety of both plant personnel and the general public.
The review team focuses on the following sub-topics:

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

1.1. STATION 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 site, and from within or outside the utility
organization. Irrespective of variations in organization, a documented
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organizational structure should be established with clearly defined functional
responsibilities. Adequate services and facilities should be made available
to the station superintendent 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 to permit
timely corrective action). Management by objectives is one effective tool
that can be used by utility management to establish and implement its desired
goals and direction, to establish control of policy and programmes and to
monitor the results of its initiatives.

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

Evaluation results

Overview and strengths

The operating organizations of the stations visited by the seven OSARTS
in 1987 and 1988 are considered to be well organized and staffed with
competent and knowledgable personnel. Management functions are well defined
and documented. Responsibilities and the authority of key staff personnel are
defined within each organization and are clearly understood.

Management standards and station performance objectives are high in most
utilities. Station management have clear direction and goals, and this has
resulted in a reduction in incidents such as reactor trips and lost-time
accidents. Management functions overall were found to be consistent with safe
and reliable operation. The trend in this area is toward improvement.

Innovations in management tools and supervisory techniques developed in
the past few years are being effectively applied at a number of the plants.
The most important of these techniques is the practice of providing management
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oversight and systematic monitoring to improve the performance of station
personnel and reduce human error. Some examples of good management tools
observed include an excellent quality assurance programme, in-process quality
control monitoring and inspections, management monitoring of personnel
performance at all levels, a computerized management information system, and
extensive use of personnel performance evaluations.

Personnel policies to assure the availability of managers and experts for
filling vacancies with trained and experienced staff (from within the
organization) are established and used at most stations.

Safety review committees are being used effectively at most plants. This
gives added assurance that the potential impact of changes in procedures and
plant modifications on plant safety have been considered.

Areas for improvement

At some plants many plant activities are not covered by policy making
functions and management by objectives programmes. In addition, the goals and
objectives established by station management should be reflected down through
the organization to the department level. The use of management performance
indicators and the evaluation of data trends is still not widely accepted by
managers.

In-depth root cause analysis of operations and maintenance experience, to
upgrade existing programmes and to provide a basis for management improvement,
has not been established to the complete satisfaction of reviewers at many
plants.

Administrative procedures at a number of plants do not cover the whole
range of activities. Consequently, the authorities and responsibilities of
the individual organizational units are not well defined.

1.2. QUALITY PROGRAMMES

Objectives

Quality programmes should effectively monitor activities that affect
safe and reliable plant operation, provide feedback to line management on
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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 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.

Evaluation results

Overview and strengths

Quality programmes are in place at all plants visited. The programmes
are of varying scope, from the minimum quality controls required by the
regulatory body to thorough and well defined quality programmes that go far
beyond the minimum regulatory requirements.

This is an area where the last seven OSARTs have not made any specific
recommendations or suggestion. A few good practices that were noted are
provided below:

o Processes for the qualification and re-qualification of suppliers
and contractors every few years have been established. In some
countries this is done jointly by all nuclear utilities to provide
more authority and control over the vendors.

o Quality assurance audit teams are composed, in addition to the
co-ordinating QA staff, of highly qualified experts from other
nuclear power plants or from elsewhere in the utility
organization. This gives the quality assurance audit teams more
indépendance and credibility in their designated role.

o Controls are in place to ensure that spare parts to be used for
maintenance meet engineering specifications. In addition,
labelling systems are established to prevent the mixing of
qualified safety-related parts with unqualified parts, and allow
tracking of where a given part was used.
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1.3. 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.

Evaluation results

Overview and strengths

At most plants, OSARTs have found good professional relationships
between the regulatory body and plant management: mutual respect, good
communication, and responsiveness to the responsibilities and needs of each
organization. All plants visited report periodically to the regulatory body
on important aspects of plant status and on performance in defined areas.
When appropriate, additional reports are made on significant (reportable)
events, personnel changes in management positions, and operator licence
renewals. At most plants, periodic regulatory inspections are conducted by
resident inspectors and additional (sometimes unannounced) inspections by
home office or regional inspectors.

Areas for improvement

In some instances there are long delays between submission of written
request from plant management and concurrence (or other response) to
proposed actions by the regulatory body. In one instance, it was
recommended that a plan for solving long-standing licensing issues be
developed and implemented.

1.4. INDUSTRIAL SAFETY

Objectives

Station industrial safety programmes should aim to achieve a high
degree of personnel safety. Administrative policies and procedures should
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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 department 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 analyzed 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.

Evaluation results

Overview and strengths

An industrial safety programme was found to exist at all plants
visited by the OSART teams. In many cases, a safety specialist is
designated as plant safety engineer, or safety co-ordinator, with the
following responsibilities: keeping safety programme policies and
procedures up to date; co-ordinating or conducting personnel training;
conducting accident investigations; making programme assessments, and
analysing trends.

A high degree of personnel safety has been achieved at a number of
plants. A "safety culture", or degree of awareness, has developed such that
safety is in the forefront of all work planning and execution.

At one plant, a unique and effective approach to industrial safety was
observed. A new industrial safety programme, less prescriptive with not
many checklists, utilizing a concise participative approach has been
developed. Posters are placed throughout the plant to aid and remind
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workers. Stickers to help ensure that all aspects of safety have been
reviewed, prior to starting work, are used to assist planners, supervisors,
and workers. These posters and stickers, supported by thorough training,
enable the user to consider all elements of safety, including elimination of
potential hazards, protective measures and contingency planning.

Areas for improvement

At a number of plants, OSARTs recommended that the following issues be
addressed:

o Although industrial safety is monitored by safety inspectors, many
personnel did not wear required safety equipment (for example ear
plugs, safety shoes, safety eyeglasses).

o Not all employees are informed about personnel accidents in the
plant, and measures to be taken to avoid similar injury.

o Evacuation routes are not clearly marked within the plant.

o Root causes of incidents are not analyzed. This is an important
prerequisite for accident reduction.

1.5 FIRE PROTECTION

Objectives

A good fire protection programme starts with a rigorous fire
prevention campaign. Basic fire prevention principles are embodied in the
design of nuclear plants, and good fire prevention work practices are
required to ensure safe operation. Training of plant workers in good work
practices and additional care to be taken around activities such as welding
and brazing, which have a high risk of causing fires, are fundamental to a
good prevention programme.

A fire-fighting capability must also be availabe within a nuclear
plant. Well trained fire-fighters must be available around the clock.
Plentiful modern equipment must be quickly available to combat any type of
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fire in any area, including radiologically controlled areas. Automatic
water sprinkler systems and carbon dioxide or other fire suppression systems
must also be available and checked at fixed intervals to ensure readiness
when needed.

Evaluation results

All plants visited have a fire protection programme in place. Some
are of high quality. Suggestions were made at a few plants that the number
of fire-fighting drills be increased, and that the scope of the drills be
broadened to include external fire-fighting organizations.

1.6. PLANT SECURITY

Objectives

The physical security of plant structures, equipment and personnel is
required.

Evaluation results

Overview and strengths

OSARTs found a separate security department comprising necessary
security personnel and equipment at all nuclear stations. There is a
security officer with overall responsibility for the security programme at
all plants. The security procedures that were observed cover all aspects of
authorities. OSARTs respected the confidentiality of detailed procedures
and training information and did not examine them in detail except at the
request of plant management.

A good practice in this area observed at one plant consists of the
following :

o Background checks are conducted covering five years for all staff
members. This is supported by a continued behaviour observation
programme in which all supervisory staff are trained. The
objective is to detect employees who may change and become a
threat to the nuclear installation.
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o The local police department is familiar with the plant, makes
annually a written commitment to provide staff on demand within a
set period of time, and proves its ability to do so in exercises.

o Security equipment such as explosive/metal/x-ray detectors are
checked daily. A strong point in this and other similar areas is
the fact that check sheets must be signed off by a responsible
individual.

o A balance between courtesy and forcefulness, and consistency in
application of entrance requirements are achieved.

o More training is being done than is required by regulations on
weapons, points of law, recognition of events, and proper response.

Areas for improvement

Suggestions for improvement made included the relocation of stores
facilities outside the fence, use of in-depth background checks of potential
employees, and introducing a continuing behavioural observation programme.

1.7. 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 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.

Evaluation results

Overview and strengths

Variations were found in plant document control systems. Most plants
have well organized and thorough systems with sufficient staff to perform an
effective job. Documents are distributed and maintained up to date.
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Areas for improvement

OSARTs recommended that some plants improve their control of
documents. The following are representative of weaknesses that should be
remedied:

o Document hierachy is not used as intended. Many policy statements
address procedural rather than policy matters. Various plant
sections have separate and somewhat different procedures covering
the same work areas in the plant. Certain outdated procedures
still exist in the system.

o A large number of administrative instructions exist. Some
instructions should be simplified, combined, or even eliminated to
enable personnel to follow the requirements better.

o Permanent plant records are not filed in a retrievable manner, and
are not properly protected against fire.

o Revisions to operating procedures, drawings, and plant documents
are not being made in a timely manner to reflect station
modifications.
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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 retraining programmes that are
directed towards maintaining and upgrading the skills of the station
personnel.

The training area was reviewed during all seven OSART missions and
are summarized in this report. 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 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 students and
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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.

The existence of a full-time training staff does not relieve plant
line management from their responsibility to ensure that their staffs 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.

A performance-based training programme based on job and task
analysis should be developed and implemented for each major station work
group. The programmes 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 ;

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
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programme outline, lesson and exercise plans, on-the-job training plans,
guidelines for the instructors, and methods for evaluating the results of
training.

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

Evaluation results

Overview and strengths

The importance of structured personnel training and qualification
to safe and reliable plant operation is well recognized at the plants
visited. Training organizations have been established at each plant to
fulfill identified training needs. The training programmes reviewed are
generally effectively administered with emphasis on instructor
qualifications.

Most plants have a separate training section for co-ordination and
administration of training related activities. This ensures that
adequate attention is paid to all components of this important area.

At two plants the responsibility for personnel training and
qualifications is clearly assigned to line management. The training
staff is responsible for providing all necessary support to line
management as requested. The OSARTs recognized efficient and
well-planned training at these plants.

The training section, or other full-time training staff, often
provides general employee training and other basic training courses for
new employees. More advanced training is provided in co-operation with
in-house technical experts and external training centres and consultants.
Only one of the plants reviewed does not use the services of a separate
training centre. In that case adequate resources are provided by a large
training section of more than 50 people at the two unit station,
including the staff working at the on-site simulator.
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The importance of using well qualified instructors for
implementation of the training programmes is generally understood. An
especially well- organized plan for developing, maintaining, and
upgrading instructor qualifications was noted at two organizations
providing simulator training for control room staffs. In these cases the
instructors are given extensive and well-structured training to provide
them with technical and plant specific knowledge at the shift supervisor
level. Teaching skills are developed through instructor training
courses, both before they assume instructor duties and through periodic
retraining. Each instructor teaches the staff of only one specific
plant, and refreshes and maintains his plant knowledge during annual
periods of actual control room work.

At many plants the in-house technical experts that occasionally
work as instructors have also participated in courses on teaching skills.

Initial training programmes of key work groups are usually well
established and formalized. Two plants have completed a systematic job
and task analysis to define training objectives and job qualification
requirements. One plant was in the process of conducting an analysis to
upgrade the existing programmes. The other plants had written their
initial training programme in a less systematic manner.

Various approaches are being used to assess the quality and
efficiency of training. The management of one plant was noted regularly
to audit the training provided to their personnel by the external
training centre and other consultants. In some cases systematic auditing
of the in-house and external training is done by quality assurance
personnel and regulatory agency staff. Some plants carry out a formal
training programme evaluation each year. Examinations are frequently
given in the middle and at the end of training courses, to determine how
the lessons were perceived. Written feedback from trainees is also
solicited in connection with each course at a number of plants. Such
methods give adequate data for planning improvements in the training
programme; however, the procedure for correcting the problems identified
could often be better defined.

A number of plants have a computerized system for keeping complete
training records that are easily retrievable. This enables managers and
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supervisors to follow the training of their personnel and to make
individual plans for their continuing training.

Areas for improvement

One plant reviewed does not employ a training section, but instead
one person is assigned for co-ordination of control room staff training.
Although the OSART did not recommend changes in the organization, it is
to be noted that more shortcomings in the training area were identified
at this plant than at other plants.

At some plants it was not clearly defined to what extent the line
management, as distinct from training staff, is responsible for personnel
training and qualifications.

At one training centre the instructors were noted to have
insufficient current plant work experience. It was recommended that the
instructors should be assigned to structured in-plant work activities to
keep their knowledge of operating practices and plant modifications up to
date.

At one plant the OSART recommended that courses on teaching skills
for the technical experts who occasionally work as instructors should be
provided.

Most continuing training programmes reviewed are less structured
than the initial training programmes. A better overall strategy and more
attention to continuing training was recommended.

At some plants the OSART recommended establishment of a complete,
centralized record on training provided to each individual.

2.2 TRAINING FACILITIES, EQUIPMENT AND MATERIAL

Obj ectives

To the extent possible, training materials and simulator facilities
should represent actual plant conditions. Known differences should be
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identified and highlighted during training sessions. Documents intended
for training purposes only should be clearly marked to distinguish them
from documents used in the plant.

Training material, such as simplified system descriptions and
diagrams, together with pictures of the installed equipment, should be
provided to facilitate the trainees' understanding of the plant and its
systems. The material should be available in the language of the
trainees. The effectiveness of classroom instruction should be enhanced
by the use of visual aids, such as video tapes, films, slides, and
viewgraphs, to demonstrate actual plant conditions.

Adequate facilities should be available for classroom training and
individual studies. Up-to-date reference material, such as safety
reports, detailed system descriptions, and plant procedures, should also
be available in the training facilities.

The operating personnel should have access to a representative
simulator facility where operation in off-normal situations and team
training can be practiced. 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 the sequence of serious events and plant
malfunctions that are not easily anticipated by plant operators. The
fidelity of the simulator's functions should be assured by applying basic
QA principles in simulator design, installation, commissioning, and
maintenance.

Maintenance personnel should have access to training mockups and
models for training on maintenance activities that have to be carried out
quickly and skilfully, and that cannot be practiced with genuine
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 which are relevant to
training, in a timely manner. The training equipment and material should
then be revised to reflect the respective modifications and changes.
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Evaluation results

Overview and strengths

All of the plants visited by the OSART are using special training
equipment and material to increase training effectiveness and efficiency.

The best plants have put a great deal of effort into producing
specific study books for most courses included in their training
programmes, and have also prepared instructions and visual aids for the
use by the instructors. This approach ensures that any course can be
repeated in a consistent manner. Documents especially prepared for
training purposes also improve the learning process.

Most plants have adequate classrooms, equipped with excellent
audiovisual equipment, available on site.

Most of the plants visited by the OSART have access to a full-scope
simulator that is a replica of the actual control room. Other plants are
using a simulator which represents another plant of similar design. The
simulator models are generally adequate for replaying representative
accident sequences.

One plant maintains a separate compact simulator on site in
addition to its full-scope simulator. The compact simulator is used to
demonstrate reactor and main control systems operation. Its monitoring
graphics illustrate in a clear manner the transient behaviour of various
parameters, such as xenon or power distribution in the reactor core.
Such a tool facilitates the trainees' understanding of complex phenomena.
The compact simulator is efficiently used in the basic training of all
personnel groups.

Many plants have good mock-ups for training maintenance personnel.
Mock-ups of reactor vessel head and internals are common, as well as
sections of steam generators at PWR plants. Samples or replicas of major
valves, pumps, fuelling equipment, protection system electronics
cabinets, and computer systems are also frequently found to be used for
training purposes. One plant has installed a process training loop with
a variety of control and measuring equipment. Another has a plant
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interior mock-up for simulating fires and for practicing fire
suppression, use of protective equipment, and rescue in smoke environment.

One plant uses personal computers in conjunction with their
advanced reactor theory course. This permits the trainees, such as
experienced operators undergoing continuing training, to receive an
in-depth understanding of physical phenomena through their own
calculations.

A good practice for systematic updating of simulator models and
other training materials, to reflect plant modifications, was found at
one training centre. Strict controls ensure that only current material
is used for training. The training centre routinely receives all
revisions of the plant documentation at the same time as the control
room. The modifications and the corresponding changes to simulator
models are tracked by a computer system, the basic requirement being to
model and test all changes before use of a modified system is included in
a simulator course programme. At the same time the related study books
and other course material are revised as necessary. This is done by the
in-house printing facility which has computer systems for storing and
fast changing of the original drawings and texts, and which produces only
a limited number of copies as needed for each course.

Areas for improvement

Some plants still use normal plant documents, such as procedures
and detailed system descriptions, for training purposes. A common
tendency, strongly encouraged by the OSARTs, is to prepare more and more
training- specific material.

One plant has a shortage of appropriate on-site training space and
is planning to build a new training facility to remedy the situation.

The software of some training simulators needs to be upgraded. For
instance, one plant simulator was found to lack some systems usually
needed in accident conditions. Another simulator could not simulate an
important plant accident sequence even though the shortcoming had been
known for several years. The validation process of that simulator for
several accident sequences was also incomplete.
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Some nuclear power plants and training centres were advised to pay
more attention to updating of the training material, to ensure that only
current material is used on the training courses.

2.3. CONTROL ROOM OPERATORS AND SHIFT SUPERVISORS

Objectives

Control room operators and shift supervisors are responsible for
manipulating or directing those who manipulate 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 operations 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 they should also get 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 broader 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 all necessary topics are completed
during the training period. Simulator exercises should be structured and
planned in detail to ensure adequate coverage of relevant topics. They
should include pre-exercise briefings and post-exercise critiques.

The qualification of the control room operators and shift
supervisors should be verified and formally authorized before being
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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 pertinent to operations,
and on operating experience gained in-house and industry wide.

Evaluation results

Overview and strengths

All but one of the plants visited have established a formal initial
training programme for control room operators and shift supervisors. The
initial training programmes reviewed generally represent a good balance
between theoretical and practical training. The scope and content of
classroom training was found fully satisfactory and the lectures are
given following detailed lesson plans. On-the-job training is also
formally controlled at most plants. One plant has even established a
qualification manual to ensure consistent and uniform on-the-job training.

All plants visited by the OSART use a full-scope simulator for
control room operator training. Typically two to three simulator
courses, with a combined length of six to seven week, are included in the
initial training programme. The OSARTs have considered this to be
adequate. The best initial training programmes have standardized
contents, and the lessons are supported by specially prepared study
books, used in classroom briefings before each simulator session. During
the initial simulator courses the students learn operation of all plant
and systems controls, normal start-up and shutdown operations, and
detection of and response to minor disturbances.

The scope and technical content of control room operator training
is often at the shift supervisor level. This high level of training
prepares the control room operators to take any immediate actions
independently, should off-normal conditions occur when the shift
supervisor is absent from the control room. The special training given
to shift supervisor candidates usually deals with administrative aspects
of operation and includes training in supervisory skills.
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Annual plans for the conduct of continuing training were found at
all plants visited. The time devoted to training varied from two to four
weeks each year, which was generally considered adequate. Simulator time
is in most cases available as needed for continuing training,
particularly at those plants with a plant specific simulator. A practice
which is becoming more common is to give two intensive annual training
courses, each three to five days in length, instead of one longer course.

The best simulator courses for continuing training are planned in
close co-operation between operations management and the simulator
staff. In addition to accident simulation, the training includes
practice in the conduct of normal startups and shutdowns. This is
considered necessary to avoid operator errors, as these operations are
seldom performed at the best performing plants. The best programmes also
include a periodic review and use of all emergency operating procedures,
with intervals of one to three years.

All plants visited have established a formal qualification process
for control room operators and shift supervisors. Periodic
re-qualification is required at some plants but is not common at most.
Periodic re-qualification based on passing an examination is, where used,
generally seen as an effective means of motivating operators to maintain
their plant and theoretical knowledge. A few plants include a simulator
performance evaluation as part of the re-qualification process.

Areas for improvement

One plant has not developed an initial training programme, because
it trained all its operators during the construction and commissioning
period utilizing the plant vendor, and since then there has been no
personnel turnover. In this case, it was recommended that a training
programme be developed to ensure the plant would be ready to provide
initial training to any new staff, who will eventually be needed to
replace the original staff members.

At one plant a more systematic approach to on-the-job training of
control room operators was recommended.

In cases where the simulator is not a replica of the plant in
question, the OSARTs have recommended providing a qualified senior
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operator from the plant to support the simulator instructors. He should
be responsible for explaining the differences between the simulator and
the plant.

Plant drills for practicing unusual operations which cannot be
trained at the simulator are not commonly included in the operator
training. The OSARTs have in some cases recommended drills to simulate
plant shutdown without access to the control room.

At one plant training of shift supervisors in supervisory skills
was found lacking but was scheduled for the near future.

Some plants had overlooked the importance of providing classroom
lessons as part of the continuing training and were only providing
periodic simulator training. In these cases, recommendations were made
to train operators in order to systematically refresh their knowledge of
systems, plant modifications, and in-plant and industry operating events.

At one plant simulator training was provided less than once a year,
which prompted a recommendation to provide additional simulator training
annually.

The simulator exercises at one plant were found to be developed ad
hoc by the shift supervisors. In this case, each shift received
different training, and the training programme in general was deemed
inadequate. The OSART recommended establishment of a systematic training
programme to ensure that all necessary malfunctions are covered in
exercises, and that there is a structured approach to conducting the
exercises and auditing the results of the programme.

At a number of plants operations management was not adequately
involved in planning the content of continuing training. Also, low
attendance at some refresher courses was noted as a matter of concern.
The OSART recommended that operations management should give this more
attention.
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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 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.

Evaluation results

Overview and strengths

Initial classroom training of the field operators was found to be
well structured at most plants. The training programmes are adapted to
the entry level of the trainees, and include a basic introduction to
plant systems, administrative procedures, and topics relevant to worker
and equipment safety. At many plants a specific continuing training
programme has been established for field operators.

One plant has included simulator courses in field operator
training. The initial course on the compact simulator facilitates
understanding of reactor and main control systems operation. Another
course on the full-scope simulator demonstrates systems operations and
interactions. Periodic continuing training on the full-scope simulator
emphasises actions related to field operator duties during off-normal
plant conditions. The simulator training has been well received by the
field operators. Besides providing an overall picture of plant
operations, it motivates the field operators and makes them an integral
part of the operating crew.
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Two different approaches are employed for hiring and training of
field operators. Both have their own merits but the appropriate approach
should be decided based upon national industrial traditions. At some
plants all candidates for control room operators are first hired and
trained as field operators. In such cases the field operator training
has been incorporated into the training scheme of control room operators
and serves as its first stage. The level of basic education at entry to
the programme is high and the trainees have good learning skills. This
approach generally results in considerable field operator turnover.
Other plants prefer hiring local people with lower basic education for
field operator duties, opting for as low personnel turnover as possible.
They stress the importance of professional skills gained through long
experience. For instance, at one plant the field operator turnover has
been practically zero and the same staff has been employed since the
construction time.

Areas of improvement

Systematic and formally controlled on-the-job training is not
common; it was found at one plant only. The OSARTs have in general
suggested more structure in this important part of the initial training
programme.

Inadequate attendance at continuing training, particularly the
classroom lectures, was frequently found. It indicates that low priority
is given to training by the field operators, and that there is a lack of
supervisory control. Management actions were recommended to ensure that
operators are present at scheduled training periods.

Because there is no staff turnover, and hence a lack of new
trainees, one plant has not established an initial training programme.
In this case the OSART urged development of a structured training
programme, because the training conditions and requirements for
replacement staff are different from those of the original crew.
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2.5 MAINTENANCE PERSONNEL

Objectives

Maintenance personnel are responsibile for carrying out preventive
and predictive maintenance, repairs, and minor plant modifications.
Included within maintenance staff are 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 works

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 manufacturer,
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 on operating
experience relevant to maintenance work.
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Evaluation results

Overview and strengths

Significant variations were found in the length and depth of
maintenance personnel training, primarily due to the different education
systems in various countries.

Some plants are able to hire staff who have already learned their
basic professional skills at school and who need only plant and equipment
specific training. Those plants are also characterized by low personnel
turnover since most of the maintenance staff have participated in plant
construction. With one exception, structured initial training programmes
have not been established and the few new personnel are trained
on-the-job by their supervisors and experienced colleagues. Although the
OSARTs have been satisfied with the professional skills acquired through
this approach, it should be mentioned that the one plant that recently
developed a structured initial training programme for its maintenance
staff has seen a number of benefits from it and is gradually providing
the same general training to its experienced personnel.

In other countries the plants have to train their maintenance staff
starting from graduates of general schools. These trainees have no
previous experience or practical work skills. In these cases high
quality systematic training programmes have been implemented. The
programmes include classroom lectures, controlled skills development in
training workshops and laboratories, and structured on-the-job training.

Continuing training of maintenance personnel usually includes
equipment specific courses given by manufacturers. Many plants have
equipment mock-ups where the most demanding work can be practiced before
actual job performance. A good practice found at one plant is the
video-recording of demanding jobs, particularly jobs that have to be
performed in spaces not accessible during normal operation. The ability
to see and discuss the lessons learned from the previous conduct of a job
helps to improve future performance of the tasks.

Continuing training to refresh the knowledge of maintenance
personnel on plant systems, administrative matters, personnel safety,
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plant modifications, and plant and industry operating experience, was
found at some plants.

Areas for improvement

Programmed continuing training of maintenance personnel is not yet
a common practice. In plants where continuing training was given, the
attendance was not adequately controlled and many employee absences were
noted.

2,6 RADIATION PROTECTION PERSONNEL

Objectives

Radiation protection personnel provide guidance to other personnel
on measures to limit radiation exposures. At most plants they have also
the 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 on the general features and
purposes of plant systems and the plant lay-out.

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

Evaluation results

Overview and strengths

Different approaches in hiring and training radiation protection
personnel were found. Some plants have a large permanent radiation
protection staff. Others maintain the minimum number of permanent
employees who only take care of normal routine work, not the occasional
large work activities such as refueling, waste transfer, or outages. For
the large work activities additional external staff are contracted.
Nevertheless, the external staff are also experienced, because they work
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in turn at several plants. A third approach is used in one country. The
radiation protection staff is small but other personnel working in
controlled areas (field operators, maintenance staff) are thoroughly
trained in radiation protection techniques and normally perform all their
own necessary radiation monitoring tasks.

Whichever approach was used, OSARTs found high level specialized
training in radiation protection matters at all plants. Formal
qualification, based on passing examinations, is often required from
responsible radiation protection officers and sometimes from other staff
too.

Programmed training in nuclear technology basics and plant systems
was found to be adequate at all plants visited. A typical plant systems
course is about one month in length.

Continuing training of the radiation protection staffs was
generally noted to be adequate.

Areas for improvement

At a number of plants, additional training on industry operating
events was recommended.

2.7 MANAGERS AND SUPERVISORS

Objectives

Managers and supervisors should master their own technical field
through basic training and long experience in the nuclear field. This
involves a thorough understanding of relevant standards, rules and
regulations. They should also have good overall knowledge on 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 development programme to
ensure that an adequate number of qualified persons are available to fill
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any management position, in case such need were to suddenly arise.
Training of managers and supervisors, and of their potential successors,
should include courses and seminars on management and supervisory skills.

Evaluation results

Overview and strengths

At most plants visited by the OSART the plant management has been
working on site since the early stages of construction. During the
construction period, plant managers often spent extended periods of time
at other similar plants to gain actual operating experience and attended
initial training courses with the first operating crews. Thus, they
possess a solid professional background.

Programmed training on management and supervisory skills was noted
at all but one of the plants visited by the OSART. The topics in the
various training programmes include the following:

o Work and people management
o Setting a job standard
o Problem solving
o Improving employee performance
o Interpersonal communications
o Leadership
o Behavioural sciences
o Work legislation.

A systematic approach to management development planning, including
the selection and evaluation of management candidates and planning their
career paths, was noted at two plants.

Training of managers for their emergency response duties was
generally found to be adequate. At a number of plants the managers
periodically attend a simulator course developed specifically to train
them in their emergency response tasks.

At two plants a good practice was identified with respect to their
use of industry operating experience. The managers and supervisors from
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each technical area meet regularly with their colleagues from other
similar plants to discuss, on a national level, their recent problems and
solutions to them.

Areas for improvements

At some plants the OSART suggested additional training for
operations management, to strengthen their preparedness for making
decisions in emergency situations. The topics proposed were stress
management and response to various emergencies (with simulator training).

2.8 GENERAL EMPLOYEE TRAINING

Objectives

All nev employees starting work 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 periodically
provided.

Evaluation results

Overview and strengths

General employee training programmes were found at all plants
visited. The following topics were found to be included in all of the
programmes :

o Radiation protection

o Industrial safety (electrical safety, rigging and lifting,
chemical hazards, work in confined spaces, use of personal
protection equipment), and
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o Fire protection and prevention.

Other topics included in most of the programmes are :

o Orientation to the plant and its systems
o Introduction of plant organization and administration
o Emergency preparedness
o Physical security principles
o Quality assurance, and
o First aid.

At one plant training is also provided in safe driving. This is
done because the risks encountered in driving between home and the plant
are considered significant.

Training on the following GET topics was considered excellent at
certain plants:

o Safety meetings are held every five weeks by different work
groups during which safety group leaders review subjects related
to work safety, such as significant event reports, reported
accidents, work protection procedures, and equipment.

o Fire fighting, rescuing and escaping are frequently practiced in
a facility where different fire conditions can be simulated.

Periodic refresher training on GET topics is conducted at all
plants visited, although sometimes a low attendance is a sign of a lack
of interest in this type of training. At one plant strict enforcement of
attendance was noted. The entrance control system, using magnetic cards
and computer, does not let a person into the plant if the individual is
overdue for GET retraining. In such cases the individual has to go to
the training manager and establish a date for retraining.

Areas for improvement

At one plant improvements in quality assurance training were
recommended.
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3. OPERATIONS

A well structured, 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 over
all major radiation sources in the plant so as to prevent or minimise
unplanned radioactive discharges to the environment or hazards to plant
personnel. This ultimate safety responsibility is the driving force for the
establishment of a high-quality 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,
necessitating timely intervention by the operators to maintain reactor and
personnel safety. It is thus important that during normal or emergency
conditions operations personnel always ensure the effective execution and
control of all operational activities.

This report discusses the following Operations sub-areas:

o Operating organization and administration
o Operations procedures and documentation
o Conduct of operations
o Plant status information and administrative control
o Operations facilities and equipment

3.1 OPERATING ORGANIZATION AND ADMINISTRATION

Objectives

The number of plant activities which may affect plant safety and
performance are large, and there are complex interrelationships involved in
safety decisions. Therefore, nuclear power plant management should ensure
that the responsibility for safety does not become fragmented or diffused. It
is of the utmost importance that the responsibility and authority of final
control of the plant be assigned to the operating group.

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

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

Administrative procedures for the co-ordination of operating group
activities with those of other groups both on and off-site should be
established. Co-ordination between the operating group and the maintenance
department is particularly important. General administrative tasks of the
shift crew should be minimized but those administrative tasks 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
licensed 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. The general philosophy to be adopted for the human safety
function should be developed along the lines which have already been
recognized as essential for the hardware safety function: that is, to apply
the principles of redundancy, diversity and independence at those points where
safety related risks are highest.

The shift supervisor may be called upon to make prompt decisions under
high stress when faced with complex or conflicting information under accident
conditions. It is therefore thought desirable that consideration be given to
the designation of an individual who is capable of carrying out an independent
review of an occurrence, and to provide advice and guidance to the shift
supervisor. The logic is that it would be valuable to have the detached and
dispassionate view of an individual who may be able to influence a mistaken
"mindset" on the part of the shift crew responding to an accident.
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Measures should be taken to ensure that operating staff on duty are
alert and mentally unimpaired. Specifically, there should be a clear policy
against 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.

Evaluation results

Overview and strengths

The nuclear power plants reviewed by OSARTs were found to have differing
operating organizational structures and methods of administration. However,
they were basically satisfactory in terms of overall staffing level and shift
crew organization. The interface of the operating department with other
staff, such as maintenance and technical support groups, were also found to be
satisfactory. A documented organizational structure with clearly defined
functional responsibilities was found at most plants.

Most plants employ six shift crews for plant operation, but one plant
rotating seven and another one rotating five crews have been noted. The
number of shift crews reflects the typical number of weekly and annual working
hours in the respective country. The plant staffed with five crews had people
working more hours than the average, and to increase the number of days off
between shift work they had introduced 12 hour shifts. Although the OSART
made no recommendations, there were indications that many operators may find
such an approach strenuous.

No dedicated 'shift technical advisors' or 'shift safety engineers' were
noted at plants visited by the OSART during this reporting period. Instead,
adequate human redundancy is often provided by strong shift composition where
a competent replacement is available for any shift duty.
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Internal shift communications, between the control room and field
operators, and external communications between the shift crews and day staff
were conducted satisfactorily at most plants by means of well contrived shift
turnovers, shift team meetings and by periodic meetings between day staff and
the operations group.

On-the-job training is one of the most effective ways in which a shift
supervisor or senior reactor operator can become familiar with actual duties
and confront real situations during operation. At one plant, job rotation
between the shift supervisor and senior reactor operator with supervisor
competency was conducted twice a year for seven weeks. This arrangement was
evaluated as a good practice, for the reactor operator was able to accumulate
experience for a future position as shift supervisor.

Areas for improvement

OSARTs found that some plants placed a greater administrative burden on
the shift crews than others. This may result in shift supervisors having
administrative and procedure control duties that detract from the efficient
appraisal of the overall performance of the shift crews. In addition to the
normal workload of planned operations (such as start-up of the plant) one of
the primary tasks of the operating staff is to monitor plant performance and
be constantly prepared both physically and mentally to respond to
unanticipated transient events. They must have adequate time to meet this
objective, and operators should carry out only essential work. OSARTs
therefore suggested that consideration should be given to providing assistance
to the shift supervisor, to relieve him from unnecessary administrative duties.

On one OSART review, a problem was observed with communication between
the control room and field operators. The foreman was sometimes bypassed in
the communication chain, leading to confusion among the shift crew. At
another plant, there was no "on-call" system (for management and technical
support) during the night or at week-ends. A suggestion was made that a
formal system be agreed, so that if consultation were to be needed on
backshifts, the shift supervisor could quickly reach key people.

There was a policy at one of the plants reviewed that all candidates for
senior management posts must have had experience as shift supervisors.
Although this is a commendable objective in itself, the OSART team expressed
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concern that the execution of the policy resulted in a high turnover of staff
at shift supervisor level. Great care needs to be exercised to avoid the
association of the shift supervisor position with that of a "training post".

3.2 OPERATIONS PROCEDURES AND DOCUMENTATION

Objectives

If an operator is to be able to carry out his work safely and
efficiently, suitable operating procedures must be defined. The guidance
provided in the procedures should be clear, concise and verified for its
accuracy and validity. The information should be adequate to enable trained
operators to understand and perform their activities without needing to
consult other documentation. Nevertheless, 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.

Procedures for dealing with abnormal and emergency conditions should
also be available, to enable the operator to respond optimally to events
having single or multiple causes, and to accidents postulated as plant design
basis. Events may also occur which are not addressed in written procedures.
With this in mind, efforts should be directed towards developing procedures
which are symptom-based, or directed toward achievement of safety objectives.
Such procedures would not replace the event-based procedures, but they would
support maintenance of safe conditions if the cause of an event is not evident.

Sufficient attention and resources should be allocated to ensure that
official operations documents are kept up to date, and that technical details
contained in procedures and reference material are consistent. A systematic
approach with assigned responsibilities is needed to ensure that procedures
and reference material are updated in a timely manner, and incorporate
temporary modifications. Regular reviews should be conducted to ensure that
the documentation available in the main control room and in the field are up
to date, and that any temporary information displayed for the operations staff
is current and properly authorized.
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Evaluation and results

Overview and strengths

The operating procedures for normal operation were generally found
adequate in terms of content and format. Other documentation was accessible
as needed for reference. These documents basically covered everything
necessary for the control of plant status and for conduct of operations in a
satisfactory manner. At one plant a specific instruction was noted on how to
write a procedure. That plant has in use an excellent set of consistent
operating procedures.

There is a set of abnormal and emergency operating procedures, that
cover in an event-oriented format most failures and accidents assumed as
design basis, at each plant reviewed. At most plants these procedures were
found clear and easy to follow. Efforts were generally being made to develop
improved procedures, taking human factors into consideration. One plant had
completed development of advanced symptom-based emergency operating procedures
and procedures for management of severe reactor accidents. Operators were
being trained in the use of these new procedures at simulator courses, and
implementation in the control room was scheduled for the near future. Another
plant was taking similar steps but had not progressed quite so far.

Most plants have established administrative procedures for reviewing
operations documents in connection with plant modifications and for making
document updates in a controlled manner, although these procedures were
frequently found difficult to follow with the staff resources which were
available. An OSART noted at one plant a strict system that ensured high
degree of consistency between the actual plant status and the formally
approved documents. At another plant use is made of a 'long term status book'
that is updated daily and contains a resume of all important plant changes and
document changes issued.

Areas for improvement

OSARTs recommended many plants to allocate more resources to the
development of additional abnormal and emergency operating procedures.
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o Potential abnormal situations which were not covered by adequate
procedures were pointed out at several plants. Examples are
pressurizer relief valve malfunctions, cooldown of a PWR by natural
circulation, and seismic events. As general advice, the abnormal
procedures should be reviewed for completeness taking into account
the incidents that have occurred in the plant or at other plants.

o Diagnostic guidance for emergency situations, such as diagnostic flow
charts, should be added to procedures at some plants. In an accident
situation reliance cannot entirely be placed on operator's knowledge
of the plant.

o Some plants have available only event-oriented emergency operating
procedures that do not go beyond plant design basis accidents.
Development of new procedures to address more complicated or more
severe unexpected events was recommended in such cases.

All plants reviewed are processing and implementing a fair number of
hardware modifications, in order to increase the reliability and safety of
power production. This frequently causes problems for controlled updating of
operations documents.

o At many plants the OSART has observed official procedures and other
documents marked up with handwritten notes that are lacking
signature, date and suitable annotation. Supplementary management
overview and training of personnel, in addition to a more effective
approach to document update, have been recommended to avoid use of
such uncontrolled documents.

o At one plant temporary modifications of procedures are made in a
controlled manner, but some of them were noted to be several years
old. More resources were recommended to turn temporary changes into
permanent ones.

o At one plant the OSART proposed a campaign to reduce the large number
of temporary instructions.
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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's operational
parameters within the operating 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.

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 affirmations that orders and instructions have been
received and understood.

Control room activities should be conducted in a businesslike and
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 be 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 investigated. Prompt remedial actions 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.
Safety systems should be maintained operable to the maximum extent possible.
When safety systems are inoperable, controls should be established to ensure
that plant safety is maintained.

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

Overview and strengths

The overall impression of the conduct of operations at all plants has
been one of professionalism and experience. Attention to detail and close
adherence to procedures were commonly observed.

Emphasis is placed on operator alertness, and the shift staff responds
attentively to any indicated changes in plant conditions. At one plant it was
noted that the observed deficiencies and equipment malfunctions are
immediately written as work orders by the shift supervisor. These work orders
are discussed and approved in the subsequent morning meeting, or earlier if
they are urgent. The morning meetings are held on each normal working day and
are attended by the operations, maintenance and technical support management.

At least in one plant evolutions in plant state and major tests or other
infrequent activities are preplanned and instructed in written operation
orders by the operations manager.

Responsibilities and requirements for necessary review after an abnormal
transient event and prior to resumption of normal operation are generally well
defined and understood. At one plant a detailed description was noted in a
procedure for all steps to be followed for investigating reactor trips, for
start-up authorization, for verification of plant response, and for
independent analysis.

A wide variability was seen in the attitude adopted to means to restrict
access to the main control room. An OSART appreciated the strict control over
access at one plant. The main control room is locked and access is granted
individually by the control room staff. Maintenance staff do not normally
enter the control room: all work permits are handled via a separate window on
the control room boundary.

Areas for improvement

At one plant there were no procedures to control the work of field
operators to conduct equipment operations outside the main control room: all
field operations were performed using individual knowledge and skills.
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Access to the main control room was not suitably controlled at some
plants. As a consequence, a large number of people congregated in operations
facilities during the day shift. Written procedures and strict rules to limit
entry of unauthorized personnel were recommended.

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
logkeeping; record 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. Logkeeping should be timely and accurate, and 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 position of valves important to safe operation should be known,
accurately recorded and assured with locks where necessary. There should be
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an administrative control system to check offnormal valve line-ups and systems
realignment.

Many activities take place in parallel and various personnel, such as
maintenance groups and contractors, are involved in them. Therefore 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.

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.

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
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implemented. Temporary modifications should be periodically reviewed to
assess their continual need and to check conformity against records maintained
on them. The number of temporary modifications should be minimized.

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, listen".

Evaluation results

In general, OSARTs found evidence of satisfactory arrangements for
safely controlling the plant and ensuring that the status of the plant is
known to the operators. Plant staff were cognizant of these arrangements and
close adherence to procedures was observed.

At all the plants visited, the shift supervisor gives the final approval
to isolate equipment for maintenance and testing, and he also signs off work
before equipment is returned to normal service. At the multi-unit stations
where the unit shift supervisors work under a common plant shift supervisor,
the unit shift supervisor is always informed and acknowledges this information
by his signature on the work permit form.

Plant status is commonly surveyed using various checklists. Separate
checklists exist for normal operation and for shutdown conditions. The
checklists are used both in the main control room and in the field. At one
plant the field surveillance programme ensures that all premises are visited
at least every 24 hours. In another case all accessible rooms are entered at
least once every four weeks to check for leaks, noise, vibrations and smell.
At one plant the process computer was efficiently used to support surveillance
function: a number of measurements that indicate the condition of operating
components and systems can be easily trended on the computer screen, several
weeks back in time.

Any off-normal occurrences or observations are reported to the shift
supervisor; most plants use a specific deficiency notification form for this
purpose. The shift supervisor frequently has responsibility either to decide
on prompt actions or to submit the issue for discussion at the next daily
meeting of the operating management.
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Logkeeping was found to be thorough and well done at all the plants
visited. In addition to the shift supervisor log, there are often a number of
other logs for various duties (persons) and purposes, such as key control,
jumpers, fire detector activations, computer disturbances, waste treatment,
etc. In addition, automatic computer logs often provide detailed reference
data: all automatic and manual switchings are recorded by the process
computer. At one plant a separate information book on completed plant
modifications, to be read and signed by shift supervisor when assuming his
duties, was noted.

Alarms are normally recorded automatically by the computer and many
plants have computer programmes to provide a well organized overview of actual
alarms.

Much attention has been given to the control of systems status and in
particular the position of manually-operated valves. Unauthorized access to
systems is often prevented by locking the rooms where system parts are
located. In addition, at at least two plants safety relevant manual valves
are equipped with built-in locks. The key can be removed from the lock only
when the valve is in a position prescribed 'normal1 during power operation.
Whenever a key is in its place in the keyrack in the control room, the valve
is known to be in 'normal1 position. This approach permits fast and reliable
verification of valve positions, and key control also ensures that the planned
local operations are done on correct valves. During an outage key control is
not as efficient, because many valves have to be in another position. At one
plant, reliable control of systems during plant shutdown has been achieved by
a policy that requires every system to be in continuous operation, if it may
be needed for decay heat removal or safety monitoring function. At another
plant a dedicated log is kept on positions of valves that are equipped with
locks.

OSARTs have seen various approaches to recording and communicating
current information on unavailable safety equipment. At one plant use is made
of a well designed 'display board' to show clearly the status of safety
systems. The board is positioned in the main control room so that staff can
readily check which safety train is isolated or on standby.

Defective instruments and other control room equipment are normally well
tagged, using a standardized method.
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OSARTs witnessed shift turnover at all plants, and generally found the
procedure to be professionally conducted. The effectiveness of shift turnover
is usually enhanced by a written account of the shift activities, review and
signing of the logs, and control room panel walk-through. In order to achieve
common agreement and set objectives, a shift briefing is usually conducted
following turnover. At one plant the shift turnover is done in sequence, i.e.
turnover of one duty is finished before turnover of the next duty begins.

Work authorization process is generally well established and no
recommendations were made on this topic. At most plants it was noted
particularly that isolated systems are marked in a clearly visible manner by
tags attached in the main control room, in the associated switching cabinets,
and at the system isolation point in the field, with the identical number code
inscribed. The shift staff executes tagging with great care. A good feature
observed at one plant is a separate operation and maintenance co-ordination
section that assigns work priorities taking into account the status of the
plant and equipment and provides the daily work and surveillance test
schedule. The section also takes care of the detailed tagging preparation and
the hanging of the tags. Tagging is executed by qualified operators who are
temporarily withdrawn from shiftwork and assigned to the co-ordination
section. At another plant a similar approach was found: an operations
planning group work in a large co-ordination office located between the main
control room and the radiation controlled area. From this office the work
permits are prepared and the keys to restricted rooms are given out. This
approach facilitates communications between the field and the main control
room and is time-saving especially during refuelling outages. At another
plant much effort and resources are devoted to equipment isolation and worker
protection. Operations staff issue detailed check sheets which ensure that
all steps related to the isolation procedure are followed. Independent checks
are carried out by maintenance workers to verify that isolations applied are
adequate for work to be performed in a safe manner.

The results with respect to temporary modifications control were
somewhat mixed, but at one plant it was stated specifically that modifications
are well under control and the number of existing temporary plant
modifications is very small (on the average five electrical disconnections or
bypasses per unit). At another plant a good practice of assigning a
'care-taking1 shift supervisor for each plant system was observed. This duty
involves taking note of any modification. The 'care-taking' shift supervisor
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also produces in a timely manner associated amendments to the operations
manual, and orders drawings and other reference documents to be modified.
This approach has contributed to the excellent agreement between the actual
plant configuration and the operations documents, and synchronous modification
of equipment and documents.

Areas for improvement

Although the routine surveillance functions are generally well
established, it was noted at one plant that it is sometimes difficult for the
operators to judge whether the values observed are acceptable. Also, it is
not easy to detect slow changes of certain parameters. The OSART recommended
that action limits for each parameter in the checklists should be indicated,
and that a method for trending the most important parameters should be
provided.

At one plant having several logbooks, an OSART suggested that more
guidance should be given on what information should be entered in each.

At some plants the number of alarms lighting continuously during normal
operation was considered excessive. Although the operators could explain each
alarm and the alarms were not important, the OSART suggested that additional
effort be directed to reduce the number of such alarms, to make it easier to
detect plant abnormalities. Improvements were also recommended in the
information obtainable from the alarm annunciator windows: the urgency of
operator actions following the activation of an annunciator could be indicated
by use of colour coded alarms, and double legend alarms in the same window
should be replaced by single purpose alarms.

At one plant, the accuracy of feedwater flow measurement was queried and
more careful verification of instrument accuracy was suggested to minimize the
error of the measured reactor power. At another plant the number of deficient
instruments in the main control room was considered too high. Although these
deficiencies were clearly indicated and were non-safety-related,
the high number was indicative of the need for upgraded maintenance. At some
plants it was suggested that the instruments qualified for post accident
conditions should be better identified, to indicate which instruments are
providing reliable information in such conditions.
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Some improvements were recommended in shift turnover. In one case the
field operators exchanged duties in the main control room but the log on their
activities was kept in the field office. It was proposed that discussions be
held based on the log and the log be signed during shift turnover. At another
plant a formal shift turnover with log book signatures is performed only by
the shift supervisors. A similar formal approach was suggested for other
shift staff, each reviewing and signing their respective log book. In one
case the shift turnover was done between staff at their respective duty
stations, and the incoming shift never met for shift briefing. It was pointed
out that assembling the shift crew together after the shift turnover would be
valuable to ensure good communication of the plant's overall status.

Although taggings were generally well conducted, it was noted at one
plant that the drain and vent valves are never tagged and that they do not
appear on the clearance checklist although they may be operated during
maintenance work. Inclusion of relevant valves on the check list and their
tagging was proposed. At another plant the instrument valves are normally not
identified in the process diagrams and their manipulation is not precisely
explained in plant procedures. This was noted to be a potential cause for
errors when components are isolated for maintenance or placed in operation.
Upgrading of plant documentation was proposed to permit provision of
unmistakable instructions on systems alignments during work execution.

Improvements in the control of temporary modifications were proposed at
some plants. In one case, a large number of jumpers were installed; some
dated back to the commissioning phase and some were not consistent with jumper
records. The OSART team strongly recommended that the station management give
due priority to eliminating the undesirably high number of jumpers. At
another plant many temporary tags or stickers were left attached to components
or on control panels for long periods. Regular reviews were recommended to
check that temporary notices are still valid and to consider whether
replacement with a permanent sign would be appropriate.

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.
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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 activity (and, in the case of gas-cooled reactors, gas).
The ventilation system should be designed to prevent the entry of airborne
activity and to clean-up the atmosphere should airborne activity exist.

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 as this is needed under
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.

Evaluation results

Overview and strengths

The equipment and facilities reviewed were found to be well designed and
maintained to support plant safety and performance. In particular, at the
more modern plants, current technology and feedback from past operating
experience have been taken into account in design features such as integrated
safety parameter display systems, well considered placement of control panels,
and the use of environmentally qualified instruments.
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A high level of cleanliness and good housekeeping were found at most
operations facilities. Tools and instruments are well kept and the gauges
used for temperature, pressure, and vibration controls during operator
surveillance are routinely checked.

At some plants the alpha-numeric coding of plant units, rooms, systems
and equipment is very logical and complete. Labels are well fixed and easy to
read. OSARTs considered that erroneous identifications at those plants are
unlikely.

There is a dedicated control room ventilation system for radiological
emergencies at many plants, and all have reserve control centres to permit
safe plant shutdown if the main control room is not habitable.

Extensive use of computers is made for outage planning and work
control. Such systems allow a remarkable work load reduction for the
operating staff and strict control of on-going work. At one plant the
computer efficiently supports the operators in transient conditions, by
automatically verifying the correct response of safety systems to signals from
protection systems and by alarming on possible failure of some equipment to
respond as intended by design.

At one plant the process computer is used not only to collect and treat
data on plant parameters but also to control the actual plant operations such
as startup and shutdown. An extremely strict control of computer hardware and
software has resulted in successful operating record with very few
disturbances caused by the computer. At other plants direct computer control
is limited to auxiliary processes such as waste treatment.

Areas for improvement

Improvements were recommended in the habitability of control rooms and
emergency control centres at some plants. Ventilation systems with no
provision for filtering of airborne radioactive materials were noted. Some
plants did not have radiation monitors to alert the operators to unacceptable
conditions in the main control room. At one plant, the noise level in the
main control room was rather high, due to ventilation and printers, and at
another plant reduction of fire load (paper) in the control room was proposed.
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In one case it was noticed that the operator could not easily see a
radiation alarm panel (with window bright up indication only). The addition
of an audible alarm was recommended. At another plant, monitoring instruments
and recorders for gaseous activity releases were in back panels behind the
main panels continuously visible to the operators. A visible alarm and
warning was suggested on the panel in front of operators.

Some deterioration in housekeeping was noted. It was emphasized that
the effect of high standards of housekeeping on plant safety should not be
underestimated.

At several plants improvements were needed in equipment labelling. One
plant had many valves with no labels, at another the labels were often barely
legible. Two plants had problems in correct identification of equipment that
belonged to different plant units. In these cases, unit specific colour
coding of equipment and spaces was proposed.
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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.
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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.

Evaluation results

Overview and strengths

At most of the plants reviewed, the responsibility for establishing and
implementing the maintenance programme and for managing maintenance activities
is delegated to the head of the maintenance department. This person usually
reports directly to the head of the plant (station manager). The maintenance
organization usually consists of a single department (or section, office,
group). The responsibility for work execution is divided into professionally
arranged units:

o Mechanical maintenance
o Electrical maintenance
o Instrument and Control (I&C) maintenance
o Civil maintenance

At some plants the I&C unit is part of the electrical unit. Planning,
scheduling and outage management are an additional responsibility of the
maintenance department. The OSARTs noted that assigning responsibilities
clearly to a single person, supported by close subordinates, ensures good
co-ordination in maintenance activities that often require several professions.

At one plant, senior maintenance management personnel have prior
experience in reactor operations and radiation protection. This was
considered a good practice which facilitates communication and understanding
between maintenance and operations personnel.

Areas for improvement

At some plants, some special features were seen that may have adverse
effects on co-ordination of maintenance work:

o At one plant some maintenance responsibilities are delegated to other
departments. The majority of plant maintenance is conducted by
maintenance shift crews that are directed by operations shift
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supervisors. Responsibilities for the material condition and
housekeeping of the plant rest largely with the shift organization.
Some elements of the plant maintenance programme lack continuity and
sometimes result in poor material conditions and housekeeping in
plant areas. There were indications that this approach causes delays
in getting work started; and a large backlog of corrective
maintenance work was noted.

o Individual maintenance unit supervisors report directly to the plant
manager.

o Instrument and control (I&C) maintenance is the responsibility of a
department other than the maintenance department.

o At one plant a general lack of engineering support was observed in
the maintenance area.

o Written instructions are not provided to define areas of
responsibilities.

A,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 investigations 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 worker pride and sense of
ownership should be encouraged.
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Evaluation results

At all plants reviewed, formal planning and scheduling programmes exist
for both normal maintenance activities, including preventive and corrective
maintenance, and outage work activities. In general, corrective maintenance
practices were found to be satisfactory, and have resulted in good material
condition of the plants visited. The housekeeping at the plants is also
good. At most of the plants, maintenance procedures are of good quality and
appear to include all the necessary guidelines for performing safe and
reliable work, and are used during the carrying out of maintenance.
Consideration is given to nuclear safety, industrial safety, fire protection
and radiation protection. Maintenance personnel are available at some plants
in shift, while at the others they are on-call in back shift hours.

The following good practices have been noted by the OSARTs:

o Some plants have a policy of exchanging complete components or using
replacement sets which can be overhauled without time constraints.
This results in better equipment availability and improved repairs.

o At some plants maintenance procedures are revised regularly to ensure
conformance to the most up to date standards.

o Prior to performing work, there is collaboration between the worker
and supervisor in planning the details of the job. Drawings and
procedures are jointly reviewed before the task is commenced.

o At one plant QC inspectors are integrated in the preparation phase of
the work as well as in the execution phase. Some of the QC
inspectors are cross-trained in maintenance and QC aspects.

Areas for improvement

At one plant it was observed that some plant pressure boundaries are
opened and left unattended thereby allowing the possible introduction of
foreign materials into clean plant systems.

Use of safety equipment (e.g. helmets, glasses, etc.) is not strictly
enforced at some plants.
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In conducting trouble-shooting, it is not the usual practice to write
down the steps to be carried out. Careful and thorough reviews of the work
are done but stop short of being written down, verified and approved.

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
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 maintenance activities, upgrade maintenance programmes, optimize
equipment performance, and improve equipment reliability. A good maintenance
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history contains detailed data on each plant system and component important to
safe and reliable plant operation, covering maintenance activities and system
and component modifications.

Evaluation results

Overview and strengths

At most of the plants reviewed, the work control system is developed and
well documented. Deficiency reports are used as the basis for corrective
maintenance. The work orders for maintenance, approved by shift supervisors,
describe the scope of the work required, safety hazards, and post maintenance
testing requirements. The control of work is accomplished through daily and
weekly meetings of maintenance, operations and supporting departments. The
meetings are used to plan and schedule work and set priorities for jobs.
Implementation of the work schedule is timely and efficiently carried out,
often using computer programmes to keep track of work status. For example, at
one plant all work orders issued but not completed are shown in a monthly
list. Those pending for more than three months are shown on a separate list.
A tagging system is used for equipment which is out-of-service for
maintenance. Isolation of the equipment is provided by operating staff.
These practices are carried out satisfactorily in the majority of plants
visited.

At most of the plants a well developed and comprehensive computer based
maintenance history system exists. Maintenance history is normally generated
from work authorization forms and from special projects such as plant
modification work requests. Work authorization forms are used during
corrective or preventive maintenance on equipment. A section of the form
describing what was done to the equipment during completion of the work is
entered into the history system. Results of predictive maintenance are also
made a part of maintenance history. At some plants, in-service inspection
reports, work reports and surveillance reports are also used for maintenance
history. Maintenance history records are used for several purposes such as
for evaluating equipment performance trends, the effectiveness of the
preventive maintenance programme, and evaluation of the QA programme.
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Areas for improvement

The following concerns have been noted in the work control system:

o Maintenance work plans were not reviewed and agreed to ahead of time
by maintenance supervisors at one plant.

o At one plant delays in getting work crews started, and consequent
worker frustration, were observed due to the work approval process at
the beginning of the shift. At that plant it is always required to
have work authorization from the shift supervisor on duty, even if
the job is a continuation of previous shift work.

o Corrective and preventive maintenance work on equipment was not done
at the same time.

o Work schedules were often modified at the last minute for priority
changes causing disruptions in work planning and execution.

o Delays occurred in the transfer of the completed maintenance work
files to the equipment history archive.

o Work order forms did not include work authorization signatures,
special requirements to perform the maintenance activity, and
identification and documentation of post-maintenance testing
requirements.

o The scheduled work load consistently exceeded the man-power resources
available.

o The priority of work was normally set by the originator of the work
order and did not always reflect overall plant needs.

o "Mandatory" items identified on the work schedules had not always
been worked as scheduled.

o At some plants the maintenance work control system depends on
manually generated lists and logbooks to maintain control of work.
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At one plant no overall document exists for equipment history records
for non-safety systems and less significant process systems. At another plant
all equipment history documents are not accessible to the planner. Access to
work performed on equipment before computerization of history records is
difficult and time consuming. Recommendations were made to eliminate these
concerns.

4.4 PREVENTIVE MAINTENANCE

Objectives

Preventive maintenance should entail planned routine testing,
inspection, servicing and overhaul of structures, systems and components. Its
purpose is to perform routine maintenance needed to avoid equipment failure
and provide early detection of equipment degradation.

Evaluation results

Overview and strengths

At all the plants reviewed, the preventive maintenance (PM) programmes
are well developed and comprehensive, and include most of the safety related
equipment and systems. Procedures to support the programme are generally
adequate. In most of the plants, the PM programmes are based on vendor
recommendations as well as regulatory requirements. Changes are made based on
equipment history, maintenance experience, operating experience feedback and
lessons learned from other utilities.

At some plants, the development of individual preventive maintenance
tasks is the responsibility of system engineers. Some programmes are
administered through PM card systems. The PM card specifies the frequency and
type of tasks to be performed. In other plants the programmes are
computerized.

At most of the plants, extensive predictive maintenance programmes have
been developed and implemented as part of the preventive maintenance
programmes. The results of the equipment inspections are reviewed by system
engineers, trended, and used as a basis for programme modifications as
appropriate. At some plants there is on-line monitoring of some of the more
important safety related equipment.
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Areas for improvement

At one plant there are no sound criteria or data base for the preventive
maintenance programme, and consequently it must be continually rescheduled.
No formal programme exists to perform trend analysis on the results of the
preventive maintenance activities and to make programme improvements.

Use of on-line monitoring techniques (e.g. vibration measurements) as
part of predictive maintenance is very limited in some plants.

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.

Evaluation results

Overview and strengths

At all the plants reviewed, the in-service inspection programme is
developed either in accordance with Section XI of the ASME Code or similar
standards according to inspection requirements and inspection methods.
Written programmes and procedures are provided for in-service inspection that
are approved by regulatory authorities. The programmes list the components
and parts to be examined, and identify the type of tests to be performed, test
frequency, and the acceptance criteria. The inspection programme is reviewed
and revised based on experience and inspection results.

At one plant an advanced ultrasonic testing system has been applied to
evaluate reactor pressure vessel "indications". It is also used to inspect
selected steam generator tubes, main turbine rotor shafts and rotor discs.
This is a more sensitive examination than is possible with conventional
equipment and was considered a valuable improvement in the development of
efficient in-service inspection methods.
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At another plant, the periodic in-service inspection programme has been
developed on the basis of original design stress calculation, past equipment
history and anticipated equipment stress cycles. This process ensures that
all potential critical areas are included in the in-service inspection
programme.

The responsibility for in-service inspection was found to be assigned
either to the technical department or to outside firms; either method is
satisfactory. At most plants, computer aided programmes are used to schedule,
identify prerequisites and maintain in-service inspection records. Inspection
programmes are also used for conventional steam components. At one plant much
of the inspection work on the reactor pressure vessel is automatic. This is a
good method of reducing man-rem exposure.

Areas for improvement

At some plants recorded dosages during in-service inspections were high
due to the methods employed and high radiation levels in areas where the
inspections were being made.

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.

Evaluation results

Overview and strengths

At most of the plants visited the outages were conducted in an excellent
manner.

Good outage planning was found to start early based on a long term
plan. In one plant, for example, a six year planned outage work programme is
in place which is reviewed annually, and is based on a long range forecast.
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In a specific outage, a detailed schedule is made several months ahead of time
and then regularly updated.

The outage organization is also established several months before the
outage start date, in some cases immediately after the previous outage has
been completed and reported. At some plants, outage management and scheduling
is the responsibility of the maintenance department. Another approach
observed is that an operating planning group is held responsible for outage
planning. As an other alternative, an OSART noted the organization of a
separate co-ordinating group for each outage. Many of those assigned to the
co-ordinating group have either operations or maintenance experience. This is
a good feature. During the outages, control is maintained through a number of
meetings that provide for effective co-ordination of the work. A
computer-aided outage planning and control programme was used in some plants;
this helps to smooth control of outages. An extensive outage report is
usually written and a critique meeting held to compare the original schedule
with the actual schedule. Discussions are held to determine what improvements
can be identified for the next outage.

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 require 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.

Evaluation results

Overview and strengths

Most of the plants reviewed have adequate workshops in suitable
locations. The provision of maintenance equipment is also satisfactory.
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Workshops are properly equipped with the tools and materials needed for
maintenance, inspection and testing. Instruments are of the appropriate size
and range. The maintenance facilities are clean, machines are well kept, and
the craftsmen are well versed in their use. Adequate facilities for
decontamination of tools, parts and equipment were noted. Some plants have an
excellent measuring and test equipment calibration programme. In some plants
separate shops and tools are provided for work on contaminated equipment prior
to decontamination, and separate rooms to store contaminated tools and
equipment.

In one plant small base shops are provided with work tables throughout
the plant on the secondary side where special tools and equipment are stored.
These base shops are well organized and clean, and the tools are in excellent
condition.

Areas for improvement

The following shortcomings were observed in the maintenance facilities
and equipment:

o At one plant each working unit has separate facilities, and although
they are generally well equipped, they are essentially too small and
scattered on the site. This sometimes contributed to delays in
conducting maintenance. It was recommended that a review should be
undertaken to optimize the location of facilities.

o The capacity of workshops and tool stores was found to be too small
to carry out major maintenance tasks.

o The provision of suitable maintenance equipment in the workshops of
one plant was found to be inadequate.

o Adequate decontamination facilities were not provided at some plants.
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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 those
areas, but it should ensure that adequate spares, components and material in
the correct condition are available for achieving the objectives of the
maintenance programme.

Evaluation results

Overview and strengths

At most plants reviewed, procurement, receipt, storage and issuing of
spare parts, components and consumables is the responsibility of a separate
unit within the plant. Administrative procedures are developed for material
requests, material and equipment specification according to technical
standard, quality control, inventory control, receipt inspection, and storage
of components and parts.

At most plants, spare parts, material and equipment are stored in a
suitable, dry, and temperature controlled locations. Non-safety and safety
related items are well identified. Certified materials are stored separately,
e.g. stainless steel and carbon steel. In some plants safety arrangements,
especially for minimizing combustion hazards, in warehouses are excellent.

Warehouse administration in some plants uses computers to retrieve
component-related information on spareparts, inventory and location. Several
computer terminals have been installed for use by planning and plant staff.

Areas for improvement

In storing material and spareparts the following shortcoming were
observed:

o At some plants safety and process components are not segregated.
Stainless steel and carbon steel material were stored together.
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o Special storage facilities do not exist for keeping sensitive
components.

o Identification numbers of spare parts do not correspond to equipment
or system, thus complicating traceability.

o The warehouse is too small and some items have to be stored outside
and exposed to the environment. A number of smaller buildings are
used to house other items.

o Minimum, maximum and re-order levels are not defined for warehouse
stock.

o Items where the accompanying documentation has been mislaid are
labelled to restrict withdrawal, but there are no hold areas for such
items.

o Safety procedures were not well enforced. For example, in the gas
bottle storage rooms very few bottles were securely chained to
special gas bottle pallets although provisions were available.

o Automatic fire detection systems in the warehouse are not available
in one plant.
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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 alternative ways,
and OSARTs have found a large variety of approaches to the establishment
of a satisfactory technical support organization.

Most plant organizations include a dedicated staff or department
for technical support tasks. However, it is not unusual that a part 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. On the other hand, the department called Technical
Support at some plants has the main responsibility for training,
chemistry, radiation protection, or outage maintenance. Thus, it is
necessary to assess the 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

Good practices and specific findings of last five OSART missions in
operational plants are described (plants under construction are not
included).

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
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designed. Another important objective is to detect degradation of
components and to make maintenance repairs before the components become
inoperable. The test results also provide statistical data for refining
the probabilistic assessment of a systems 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
license requirements and with the assumptions made on 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 Technical Specifications 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.

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 to avoid severe loads on the equipment: loads should stay within
the limits specified in design, and the frequency of testing should not
be increased without good reasons.
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Deficiencies found during the tests should be systematically
corrected and analysed, in order to restore equipment to operability
without delay and to decrease the probability of recurrence.

Results should be circulated for evaluation by all relevant
departments, and trended to detect any changes from 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.

Evaluation results

Overview and strengths

The basic elements of an adequate surveillance test programme were
found at all plants reviewed. Although some improvements were suggested
for each of the programmes, they were generally of good quality. One of
them in particular was noted to be excellent, and could be considered as
a high standard for future OSARTs in this area.

There is a surveillance programme at all plants visited, capable of
demonstrating that all safety-related systems and equipment stay within
the operational limits and conditions specified in the operating
licence. Some plants have made the programme more ambitious and set
further surveillance objectives. For instance, they obtain quantitative
diagnostic data on the state of individual components and on this base
try to reveal symptoms of equipment degradation. This is a good practice
which could at each plant be extended even further, to cover all
important systems. Some plants evaluate the test results to verify the
claimed equipment reliability.

At all plants reviewed, the tests required to be performed and the
test frequencies are given in technical documents annexed to the
operating licence or in national regulatory guides. These requirements
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are usually based on engineering judgement, but in one case the test
frequencies for the most important systems have been defined using
reliability analysis techniques. Nevertheless, the test frequencies for
important active components were found to be fairly consistent. A
typical frequency for testing operation of standby pumps, shut-off
valves, and diesel generators is once every four weeks. This was
considered to be an acceptable standard.

Some plants have a single surveillance test programme, which
integrates all periodical tests. The programme elements are explained in
an administrative procedure, and all tests are co-ordinated by a single
individual or a dedicated group. This is a good practice, which results
in uniform test procedures, result evaluation, corrective actions and
feedback of operating experience.

The test procedures were generally found to be adequate for test
performance, especially for the tests classified as most important. In
one exemplary programme all procedures are in a consistent format. They
provide detailed instructions which would permit even a person with
limited previous knowledge to perform a system test properly. They also
include preparatory steps for verification and recording of each
component state which is important for a correct test execution or which
may change during the test. This ensures smooth test progress and return
to the original plant state at the end. In addition, guidance on actions
to be taken in the event of abnormal occurrence is given, where the risk
of occurrence during the test is not insignificant. The best test
procedures also contain unambiguous acceptance criteria and blanks for
entering quantitative results where needed in addition to check correct
performance of equipment.

Scheduling and schedule monitoring of surveillance tests are
generally done on a weekly or monthly basis. Each plant has developed
its own method, but all of them were found to provide sufficient
assurance of timely testing. Only a few missed tests or deviations from
the schedule were observed. A computer system for weekly and annual
scheduling of surveillance tests is established at two plants, others use
manual methods. A computerized surveillance and routine test schedule
using computer terminals is easily accessible to all groups associated
with the test programme. Efforts are being made at most plants to
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develop a computer system for surveillance test control. OSARTs have
encouraged the development and implementation of such systems. In
addition to scheduling, a computer system is already used to provide
summary information and statistics on test procedure revisions, on due
and actual test dates, and on test results.

A formal test authorization and a test approval system including
sign off at the appropriate level (usually shift supervisor) is used at
most plants. The tests are usually performed in a professional manner
and overall impressions of the test execution are positive. A common
approach, which OSARTs found commendable, is that one person reads the
procedure and records the results, others perform the operations, take
readings, and make other observations. Different ways of timing the
tests were observed: some plants prefer to do most of the tests during
weekends (only tests where daytime personnel is needed are done during
normal working hours), other do almost all tests on normal working days
on day shift. The best approach is obviously very plant-specific and no
suggestions have been made with respect to changing the test times.

An OSART noted a good practice at one plant: the use of
computer-based automatic systems to perform surveillance testing of
complicated control electronics. This approach is commendable because it
saves time and reduces the probability of human error.

Immediate response to correct the deficiencies found in tests is
noted at most plants. If deficiencies are found, they are treated in a
manner clearly defined in administrative procedures. The actions to be
taken usually involve evaluation of safety relevance, countermeasures as
needed to ensure safe plant status, correction of the deficiency,
reporting the event, and long-term actions to prevent recurrence.

Test results are independently reviewed by systems specialists at
some plants.

The practice of filing test records varies considerably from plant
to plant. The best files observed include all test results since the
plant start-up in a well organized and easily retrievable form. The
record files of ambitious surveillance programmes observed are valuable
sources of reference information.
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Areas for improvement

At some plants, very Little quantitative information on component
behaviour and physical parameters observed during the tests is recorded.
Consequently, there is an inadequate data base for observing incipient
degradation of equipment. OSART recommended recording, as a minimum, all
quantitative readings that are to be checked during the test.

In some plants the surveillance programme is split into two or more
parts, because the tests have been classified in various safety
categories and they are co-ordinated and performed by different parts of
the organization. In these cases, better co-ordination and more uniform
approach to surveillance testing has been recommended.

Notwithstanding the positive general picture, at each plant some
test procedures were found for which acceptance criteria could be better
defined. OSARTs have suggested that acceptance criteria be systematically
included in procedures for parameters which are available in quantitative
form during the test. The acceptance criteria should include, where
applicable, reasonable tolerances for each variable to avoid unnecessary
calibration or maintenance work. The tolerances should be based on
design basis and operational considerations.

At some plants, no review of the test results is done after the
test personnel and the shift supervisor have signed off the results as
acceptable. In such cases the OSART has recommended regular circulation
of results through all relevant departments, usually, trend analyses of
test results are done only for selected components based on previously
reported problems. A common recommendation at most plants has been to
establish more systematic graphical trending of relevant test data.

At some plants the surveillance test records are retained for only
a short time and are not located in a central file. This practice
reflects the limited objectives set for the surveillance programme and
the consequent small amount of documented information in the result
forms. At the plants with poor records, the OSARTs recommended that the
surveillance programme or an administrative procedure should define a
retention time for each set of surveillance records.
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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 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 be normally on-call and during
major plant maneuvers 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 identification of failed
fuel, investigation of failure causes, and corrective actions to avoid
similar failures in the future.
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Evaluation results

Overview and strengths

The overall impression of reactor engineering is very positive at
all plants reviewed. Adequate resources are committed. The reactor
engineering organizations observed are highly professional and competent
and are closely involved in all aspects of plant operation relating to
the reactor core and fuel performance. Their striving for excellence in
fuel and core performance is evident.

Core refuelling calculations were found to be done by either the
fuel vendor, or utility headquarters staff. In addition to the specific
plant data, the necessary input data for these calculations are usually
provided from plant process computer printout and include a detailed fuel
burn-up distribution, calculated at least once every two weeks and
validated with core measurements. At some plants, verification of the
core reload calculations is carried out by a second independent set of
computer codes. Others rely on one single calculation done by validated
core design codes. The latter approach has also been found sufficient,
in view of the generally excellent agreement between calculations and
measurements. The final reloading scheme and the main results of the
core analysis for the future cycle are presented in a report usually
approved by regulatory authority before the restart. As a whole,
information flow between the organizations involved in fuel management is
generally smooth and systematically organized.

After refuelling the core characteristics are adequately checked
with measurements during start-up tests (during normal operation at Candu
reactors) at all plants reviewed. During normal operation the core
characteristics are generally adequately monitored by extensive
instrumentation at plants reviewed. Graphical trending of safety
relevant core parameters to detect possible anomalies was found as a
standard practice. It is often done automatically by computer.

Reactor operating procedures, operator and nuclear engineer
training and computer systems were found to be adequate to support safe
operation. Close co-operation between operators and reactor engineers is
common.
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Fuel performance and reliability were reviewed and were found to be
very good. No plant reviewed has had specific problems because of
leaking fuel. At the LWR plants certain limitations are normally used
for power increase to avoid fuel failures caused by pellet-cladding
interaction. The tendency to prolong the duration of cycle from 12
months to 18 months or 24 months was noted at some plants.

At one plant a sensitive fuel sipping system to detect leaking
bundles was identified as a good practice. The system developed in-house
is very easy to operate, and the entire core can be sipped in less than
two days if fuel leaks are suspected.

Most plants have made extensive arrangements to investigate fuel
performance and are actively co-operating with the fuel vendors to
improve design features and the quality of the fuel.

Areas for improvement

At one plant the OSART suggested that the nuclear engineer should
check, at least daily, the in-core fuel management parameters.

OSART suggested at one plant, where few leaking rods had been
identified, to select some failed fuel rods for post-irradiation
examination. This might give better understanding of reasons for failure
even if the phenomenon is negligible.

One plant was noted as having no sipping system to detect leaking
bundles, and OSART recommended that it should be prepared for a situation
in which fuel sipping is needed. A method for sipping should be
selected, procedures be prepared and approved, and personnel be trained.

5.3 FUEL HANDLING

Objectives

New fuel should be stored and transported in accordance with the
fuel handling systems design 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 transportation
damages, 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 assure adequate
radiation protection of plant personnel.

Evaluation results

Overview and strengths

Professional and careful fuel handling at each step on site has
been noted at all LWE plants visited by the OSART. This includes
receipt, inspection of new fuel bundles, transportation to the new fuel
storage area and placement in the refuelling pool, refuelling,
transportation to the spent fuel storage area and placement in the spent
fuel pool. One plant had adopted the good practice of transporting fuel
in a frozen condition as an ice monolith. This may be considered by
those plants that have experienced fuel damage during transportation.
The facilities, tools and procedures are of high quality, and the new
fuel storage is properly safeguarded against non-authorized access. At
least one plant has all cranes used for handling irradiated fuel equipped
with redundant drive systems and brakes. Some plants thoroughly inspect
and test the fuel handling equipment before each refuelling period or
fuel transport. This includes simulated full load test of brakes of all
cranes: they must successfully catch a free-falling load. A computer
programme is used by some plants during refuelling to sequence the
step-by-step fuel movements. These applications have been found
commendable for the proper control and documentation of all fuel
movements.

The discussions with people responsible for entire fuel cycle gave
the impression that in all off-site steps of fuel cycle a solid quality
assurance programme is applied.
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Areas for improvement

In plants using natural uranium fuel, the new fuel handling was
found less attentive and the storage is not of the high standard seen at
LWR plants. Although the safety requirements for natural uranium fuel
may be less stringent, improvements were recommended in fuel handling and
storage.

In most cases the material condition observed around the refuelling
and spent fuel pools was satisfactory but some plants should ensure that
the pools and their neighbourhood are cleaner in order to meet the high
standards generally found elsewhere.

Timely actions are needed to avoid running out of spent fuel
storage capacity on one plant.

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 completion of given tasks.

A systematic approach should be established for in-house events
investigation and reporting, 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 a written guide to ensure that certain important topics are
always considered, such as the contribution of shortcomings in the
maintenance, in-service inspections, surveillance tests, plant procedures
and other documentation, personnel qualifications, and observance of
established rules and practices. Action plans to prevent re-occurrence
should be developed and implemented, and event reports should be written
to transmit lessons learned to the plant staff and other nuclear
utilities.
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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 guide and procedure. 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.

Evaluation results

Overview and strengths

A general observation at all plants reviewed has been that the
evaluation and feedback of operating experience is receiving increased
attention as an important task in efforts to improve safety.

Many plants have established a methodology for collecting,
processing and feeding back in-house experience. Events and abnormal
observations are commonly discussed at daily meetings by the key
operations, maintenance and technical support staff. Important issues
are brought to the meetings of the plant managment and to the meetings of
the plant safety committee. Personnel are usually informed in an
organized manner: oral information in regular meetings and written
information in a file which specified persons, for instance shift
supervisors, have to read and sign. Data on equipment failures are often
collected in a systematic manner and the reliability data base is updated
accordingly, in close co-operation with plants of similar design. The
data is monitored to ensure that systems reliability targets are met.

An OSART noted a commendable practice at one plant: to be sure
that events which may require immediate action are given proper
attention, a responsible manager will assign, for each symptom of
malfunction or for any deviation, an engineer to perform full
investigation. The status of the resolution of the problem is followed
up during the daily morning meetings.

All plants have criteria for significant events to be reported to
the national regulatory authorities. Such events are evaluated and
reported in a timely manner. The reports are normally written by
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operations or maintenance staff who have been closely involved in the
event. This ensures that first-hand information is recorded.

All plants visited learn about the industry-wide experience from
reports transmitted through several channels, such as nuclear steam
supply system vendors, and national and international organizations.
Generally the reports are screened for applicability by the staff at the
utility headquarters or by some national co-ordinating body. In some
cases these organizations make fairly detailed recommendations to
individual plants which result in good feedback on those selected events.

In some countries direct communications are encouraged between
people who work in similar duties at different plants. These people also
have regular meetings to discuss their problems and new ideas at the
working level. Such national or to a limited extent also international
contacts have been found to be efficient means of experience feedback.

Areas for improvement

At most plants, the evaluation and feedback of operating experience
still needs much development. Although the organization and methodology
of operating experience evaluation and feedback have usually been
established and gradually developed since plant commissioning, they are
not very efficient due to low priority, lack of formal approach and lack
of dedicated personnel or sometimes lack of experienced personnel.

Reports on significant events are often too short to give an
adequate description of the event, and they have been written at an early
stage when all facts were not yet known and long-term corrective actions
had not been decided. OSARTs have generally recommended development of a
guideline for writing event reports, to ensure that certain standard
topics are sufficiently discussed in each report and that necessary basic
data are always recorded. It has also been noted that the reports should
be annexed later with a comprehensive documentation of follow-up
evaluations, studies and corrective actions when the issue has been
closed.

Events not required to be reported separately to the regulatory
body are usually processed using a different form. This procedure does
not always include methodical consideration of the feedback aspects or
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leave easily retrievable records. As a result some lessons to be learned
from operating experience may be lost and potential safety issues are not
always identified.

Analysis and investigation of in-house events is done on an ad hoe
basis at most plants, relying on the personal ability of system engineers
and other technical experts. Where sufficient manpower is available,
this approach has resulted in efficient feedback on many sample events
reviewed during the OSART missions. However, other events have been
noted where the root causes have not been adequately determined, and
consequently all corrective actions necessary to prevent recurrence have
not been taken. In such cases, the OSARTs have recommended establishment
of procedures for methodical event investigation and for co-ordinated
follow up of proposed corrective actions. This requires enough manpower
with appropriate qualification and should ensure that:

o Suggestions made in the original event report are properly
evaluated, and then implemented or abstained for good reasons.

o All expertise available in-house is used with good
co-ordination.

o Root causes for equipment failures and human errors are
clearly determined and recorded using a standardized
systematic method.

o Corrective actions are planned that address the root causes.

o Corrective actions are formally and fully analyzed for safety
implications.

o Corrective actions are taken and the issues are closed in
timely manner. A list of corrective actions to be implemented
for operating experience feedback is periodically reported to
plant manager.

o A detailed closing report is written to document and transmit
the lesson learned.
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In spite of the progress made in improving international and
national exchange of information, a common observation made by OSARTs is
that industry-wide experience could be used more efficiently to enhance
the level of safety at all plants. Although the reports received from
external sources are widely distributed at the plant, little organized
effort is made to evaluate the safety implications or consider the need
for corrective actions. Efficient use of external experience would
require more manpower and a higher priority for a well co-ordinated,
disciplined review of the reports received, and for implementation of
applicable corrective actions.

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 of the modification after the proposal has been approved.

Proposals for modifications should be reviewed at specified levels
of 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,
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.
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Installation and testing of the modifications should be under
control of plant personnel.

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.

Evaluation results

Overview and strengths

At all plants visited by the OSART the modifications are planned
and implemented in disciplined and professional manner. Significant
variations exist in the number and nature of modifications done at
different plants.

All plants have detailed administrative procedures or instructions
where responsibilities and procedures for implementing plant
modifications are described. These provide a clear and strict
methodology for processing a modification from initial proposal to
distribution of the updated documents after completion of the
modification.

Most of the plants reviewed are continuously processing a large
number of modification proposals. Some plants encourage their staff to
generate ideas on how to improve the plant safety and economy. At other
plants the regulatory authorities are often requiring improvements in
design or plant procedures, to respond to external experience, results of
safety research, or upgraded safety objectives. In both of these cases
the number of annual modifications is much higher than at the plants
where modifications are mainly corrective actions based on the results of
internal event analyses.
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Modification proposals are at all plants processed using sound
engineering practices and industry standards. At most plants, they
receive an appropriate and consistent review by qualified persons before
being approved for detailed design and implementation and safety related
modifications are also submitted for review by the local safety
committee. Most plants implement the modifications smoothly and have
also procedures for urgent implementation.

Areas for improvement

A common shortcoming of the administrative procedures for making
modifications is that they do not include evaluation of the need for
personnel training on the modification. As a consequence, timely
training is not always made part of the modification process.

Another issue noted by the OSARTs is the difficulty in
co-ordinating and keeping track of modification projects which are
closely related to each other. For instance, at one plant closely
related modification proposals are often made as a response to an event
and they may be progressed separately or be terminated at certain stage
without sufficient co-ordination and recording. Such separate projects
are difficult to track and may produce non-acceptable results. Improved
administration of the entire modification programme has been recommended:
closely related modifications should be combined to larger modification
packages which are evaluated, planned and implemented as a single
project. If the project is response to a specific event, it would also
be practical to indicate the relationship by recording the modifications
as corrective actions related to that event.

In one case it was recommended that more thorough analyses of
modification proposals should be performed to ensure safe system
behaviour in various operational conditions.

In some cases the modification process has been found to be too
slow and complicated and more manpower would be needed to speed up
implementation. Usually only a small percentage of plant staff are
needed in planning hardware modifications while a higher percentage is
needed in software improvements such as development and revision of
operating, maintenance and administrative procedures, training
programmes, documents etc.
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Although computerized tracking of design modifications is widely
used, timely updating of documentation is still a weak part of plant
modification process at most plants reviewed. Only in one case
administrative controls were noted which provided an assurance that a
modified system is not returned to operation before the respective
changes in documentation have been completed. In other plants OSART
suggested acceleration of the issuance of new drawings for systems where
changes have been already completed.
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6. RADIATION PROTECTION

Radiation protection activities are regulated by national authorities.
The extent and detail of these regulatory requirements vary tremendously,
ranging from detailed requirements on many individual aspects of the programme
to very general regulatory requirements within which the individual plant
management are given much latitude within which to operate. Regulatory
requirements are not always based on the IAEA Basic Safety Standards. For
example, some national regulations are still derived from the old
international recommendations contained in the obsolete ICRP Publication
No. 2. Other national regulations insist that exposures be kept as low as
technologically possible with the implication that whatever the cost involved,
doses must nevertheless be reduced, if possible. This latter situation does
not take into account the optimization (ALARA) principle contained within the
Basic Safety Standards of the IAEA and current ICRP publications.

In spite of different regulatory requirements, the OSARTs carried out in
the reporting period demonstrated excellent radiation protection performance
for the five operational units and acceptable plans for the two plants under
construction. One of the plants under construction showed, in addition to an
ambitious radiation protection plan, an excellent ALARA review of the plant
design.

The following subareas 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.
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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 other departments and who should have direct access to
the top level of management, and should have enough authority to enforce safe
procedures.

Management should institute a policy of keeping all exposures as low as
reasonably achievable, that is, optimizing radiation protection.

Evaluation results

Overview and strengths

At the seven plants (five operational, two under construction) reviewed
there was a variety of organizational arrangements, but all appeared to
operate effectively and with success. Most plants operate with a sizeable
radiation protection staff who are responsible for most aspects of the
programme including radiation surveys, decontamination, personnel dosimetry,
etc. At others, however, many traditional "health physics" activities are
carried out by other departments. At one particular plant the radiation
protection group is relatively small, its function being to advise and audit
(when necessary) the operating and maintenance crews, who in turn are
responsible for carrying out radiation protection activities. This
organization, which includes each individual worker, accepts direct
responsibility for carrying the radiation protection programme.

All plants reviewed complied with generally accepted international
standards of radiation protection. At one plant it was noted that ALARA
concept was not accepted by national regulations that are more stringent and
state: exposure, contamination etc. shall be kept as low as possible as
permitted by the state of the art. Although this will stress more radiation
protection it is believed that it is more realistic to use the ALARA concept.

The following are examples of the good practices that have been noted by
the OSART:

o In at least two plants an evaluation of the collective dose for each
work in radiation area with dose rate higher than l mSv h is
required to ensure adequate actions for dose reduction. This has
contributed to a very low collective dose observed at these plants.
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o In at least one plant it was noted that any job with predicted dose
higher than a certain limit should follow a stringent procedure
(i.e. detailed estimation of dose, review of procedures, mock-up,
shielding etc.).

o At least one plant showed very good comparison of predicted dose and
actually incurred dose for all jobs where predictions had been made.

o While many of the plants visited are making significant efforts to
implement cost/benefit analyses, one in particular has already
introduced the concept of decision making based on the expenditure
on radiation protection activities and a defined cost for 1 man-Sv.

o In at least one plant the effectiveness of radiation protection
programme is continuously audited using performance indicators as
well.

o Housekeeping is generally well controlled with the objective of
optimizing radiation protection.

Areas for improvement

The following are examples of issues raised by the OSART. Each issue
mentioned below was noted at one plant only.

o Radiation protection personnel worked only on day shift and only
during working days. Although the shift operating workers were
judged to be competent to carry out routine radiation protection
activities, arrangements were recommended to provide radiation
protection personnel on-call to supplement shift personnel in the
event of an abnormal or emergency situation.

o Radiation protection functions were not subject to audit by the
senior management, as they should be to meet quality assurance
principles.

o Radiation protection expertise sometimes is involved in radiation
work planning only when the work permit is being processed.
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Significant dose savings might be made if this expertise were always
consulted earlier in the planning stage, e.g. when special tools and
mockups are being developed.

o The station radiation protection principles which have been derived
from voluminous government documentation and presented in an
introductory booklet for workers are concise and pertinent. However
no mention is made of dose limits to radiation workers or to
restrictions applicable to pregnant women who may be employed at the
plant. At this same plant, although the concepts of ICRP 26 and the
Agency's Basic Safety Standards are used to add weighted tissue
doses to obtain effective dose equivalent, the dose limits
themselves used at the plant are still based on older philosophies.

o The scope of the radiation protection unit involvement in radiation
work planning was considered to be insufficient. At this particular
plant the radiation protection unit only became involved if the work_]_was to be carried out in radiation fields greater than 30 mSv h
and/or air contamination greater than 1000 times maximum permissible
concentrations.

o At one plant, where medical examination for radiation workers is
made only every three years, it was suggested that annual
examination should be introduced.

6.2 EXTERNAL RADIATION EXPOSURE

Objectives

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

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

o Protective barriers and equipment, e.g. shielding to reduce the
exposure rate from those sources which cannot be removed from the
work place.
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o Institution of administrative controls, e.g. control of movement of
personnel, institution of access controls, institution of a system
of work permits, radiation work planning, etc.

o Any work with predicted dose above a certain integrated dose should
be well prepared with close involvement of radiation protection
personnel.

o An appropriate programme of monitoring should be in place. This
should include work place area monitoring and individual dose
monitoring in order to ensure that personnel exposures are kept as
low as reasonably achievable.

Evaluation results

Overview and strengths

At all the operational plants reviewed the performance record in terms of
external occupational collective dose and individual dose was excellent, but
some were better than others. At one plant the individual and collective
annual dose was significantly lower than achieved elsewhere. The highest
individual dose was less than one fifth of the annual dose limit. At another
plant the annual occupational collective dose had been reduced by a factor of
two over the last twelve years. This had been achieved by means of a number
of measures including decontamination of the primary circuit in order to
reduce the source term, design changes to avoid cobalt in certain reactor core
components, the use of mockup facilities for better training of work under
high dose conditions, and the development of remote robotic equipment.

Many different methods are used at various plants for monitoring worker
dose.

Ail plants require individual monitoring of their workers either by means
of TLD or by films. In a number of plants, parallell self-reading dosimeters
with audible alarms, which sound when pre-selected levels of exposure or
exposure rate are exceeded, have played a great role in improving radiation
control in the work place. It was noted that these dosimeters together with
computer controlled dosimetry programmes of greater or lesser sophistication
are providing very rapid feedback of dosimetry information on individual
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workers, thus allowing for much greater control of individual exposures. For
instance, the almost real-time data can be used by radiation protection
personnel in processing work permits. As a result the occupational collective
dose is being reduced significantly. At one plant under construction, an
ALARA review of plant design and the consequent improvements reduced the
expected annual collective dose by a factor of 1.5. This is a commendable
exercise for construction phase. It must also be mentioned that one plant
visited has a well-defined programme for measuring radiation levels in
different plant zones. These results are used to formulate radiation
protection approvals.

Areas for improvement

One plant showed a low annual collective dose compared to other plants
within the same country and of the same type. However, compared to equivalent
plants elsewhere in the world this performance still showed room for
improvement. It was suggested that greater use of mock-ups and other training
aids to work in high radiation areas would help in reducing the doses in the
future.

It was noted at one plant that although there were fixed installed
radiation monitoring systems in a number of areas of high potential radiation
dose rate, the local indications were not always available outside of the
doors to these places. This made it difficult for persons to determine the
potential hazard before they enter.

6.3 INTERNAL RADIATION EXPOSURE

Objectives

Internal radiation exposure should be kept low by reducing surface and
air-borne contamination as far as is practicable. This implies that the plant
must be as clean as possible. It also implies a requirement for great
vigilance with respect to the leak tightness of components, etc.
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Evaluation results

Overview and strengths

At all the plants reviewed, a high level of professionalism was noted in
the area of internal radiation control. In all cases the level of
contamination was acceptably low, and at some of the plants it was extremely
low. Almost all plants have in place more than adequate periodic surveillance
programme for measuring detailed plant contamination status.

Areas for improvement

Although the overall judgement of internal radiation control was very
positive, there is still room for improvement. It was noted in one plant that
many leaks in the primary system give rise to airborne and surface
contamination producing a higher than necessary potential for intake of
radioactive material. If the number of leaks could be reduced significantly,
the contamination hazard would be smaller.

At another plant it was noted that the sump drains from various rooms in
the auxiliary building are interconnected in such a way that airborne
contamination which escapes into one room can be transferred through the sump
drains to other rooms, with a resultant possible spreading of contamination
throughout the building. It was recommended that the layout of the sump
drains be reviewed to determine if this source of contamination can be
eliminated. In addition the air flow enforced by the ventilation system
should be such that air from a room with a low potential contamination should
always flow in the direction of room with higher potential contamination.

Other suggestions made for improving performance of some plants were as
follows:

o Cleanable surfaces should be employed in all areas of potential
contamination: some plants could make improvements in this respect.

o In general, workers should not be allowed to work in controlled
areas using their own clothes, but should be provided with
protective clothing.
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It was noted that at one plant there was no hand and foot monitor at
the exit from one of the areas of potential contamination. The
OSART suggested that the reason for not doing so be reviewed.

At another plant it was noted that there are no local air extractors
in work areas where contamination spills may be expected.

6.4 RADIATION PROTECTION INSTRUMENTATION, EQUIPMENT AND FACILITIES

Objectives

The operating organization should provide all equipment necessary for the
radiation protection programme. Instrumentation and equipment needed to
obtain measurements of radioactivity levels and exposures should be
calibrated, maintained and used only by persons qualified by virtue of their
training to do so.

Fixed intrumentation should be available inside the plant to give warning
to workers if radiation levels increase, and to facilitate the monitoring of
radioactivity levels under accident conditions. Appropriate portable
instrumentation should also be available to support work in radiation areas.
Additional fixed instrumentation should be available to enable effluent
releases to be monitored in normal operation and under accident conditions.

Evaluation results

Overview and strengths

The radiation protection instrumentation, equipment and facilities seen
by OSARTs have been judged to be adequate at most of the plants visited; in
some cases they were even considered excellent.

The best plants have instruments for monitoring alpha, beta, gamma and
neutron radiation. Air samples of different types are taken for noble gas and
iodine monitoring. All instrumentation needed for radiation protection is
normally under stringent control; there are appropriate maintenance and
calibration procedures. The fixed plant monitors are normally calibrated in
accordance with applicable specifications.

114



Personnel protection equipment are at most plants of very good quality.

Areas for improvement

At some plants OSARTs proposed that improvements be made. For instance,
in one plant the original design provided for fixed monitoring capabilities at
different locations within the reactor buildings, but it was found that the
reliability of this system was not good enough to provide appropriate data on
radiological conditions and trends inside the containment. At the same plant,
the reactor building was not supplied with adequate post accident
instrumentation.

At another plant although the equipment was considered to be adequate, it
was found that the alarms of radiation monitors are often lit for long periods
because the procedure to change an alarm set point is complicated and time
consuming. Thus the alarms stay on longer than necessary with the result that
personnel tend to ignore the alarms. At the same plant, area radiation
monitors in the auxiliary building cover a range of 10 mSv h to
0.1 Sv h . In the event of a loss of coolant accident or accidents beyond
the design basis the dose rates in parts of the auxiliary building will
probably exceed the upper range of the area radiation monitors. The OSART
suggested that consideration be given to replacing these area radiation
monitors by others with an extended range.

6.5 PERSONNEL DOSIMETRY

Objectives

Monitoring of individual doses should comply with national requirements.
These requirements are quite similar throughout the world. Exposures related
to working in a radiological environment, i.e. controlled areas, should be
individually monitored and recorded in order to ensure that regulatory limits
are not exceeded. The Agency Basic Safety Standards stipulate that where
annual exposure could exceed 0.3 of the individual dose limits then individual
monitoring is mandatory. In fact most nuclear power plants carry out
individual personnel monitoring of all workers with the possible exception of
administrative and clerical staff, irrespective of whether the 0.3 limit is
likely to be exceeded or not. A nuclear power plant should have adequate
instrumentation, equipment and procedures in order that the nature and
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magnitude of exposure to which workers may be exposed (gamma, beta and
neutrons) are adequately monitored. In addition, extremity dosimetry should
be available for those workers who may be exposed to significant doses to
their hands, or possibly feet. In addition, in situations where significant
intake of radionuclides are anticipated, appropriate internal dosimetry should
be available, including whole body counter. This is particularly important in
heavy water reactors with a high potential for significant intake of tritium.

Evaluation results

Overview and strengths

All the plants reviewed have an excellent personnel dosimetry programme.
At some plants, thermoluminescent dosimeters are used as the primary means of
monitoring individual doses. At others films or phosphate glass dosimeters
are used. The choice is normally dictated by national requirements.

In addition to the primary dosimetry devices, most plants also provide
direct reading devices either of the quartz fibre type or the more modern
alarming digital devices. At those plants two parallel dosimetry services are
operated. An example is a plant where one system is provided by the
appropriate government organization which uses phosphate glass dosimeters read
out on a monthly basis. The second one is a digital electronic direct reading
system which is computerized. In this system entry to controlled areas is
monitored by means of coded ID cards, identifying the employee and his direct
reading dosimeter. If any restriction applies to him (e.g. his access has
been cancelled by the radiation protection officer, he has accumulated dose
greater than the monthly or annual administrative limits, his radiation
protection requalification is overdue or his annual medical examination is
overdue), then access is denied. The dosimeters alarm when they register a
preset dose rate or successive integrated doses. In order to leave a
controlled area, the employee inserts his ID card and dosimeter in readers.
In this way both dosimetry and access control of controlled areas are
accomplished using the same system. It has been found at this particular
plant that the direct reading dosimetry system is more accurate and of greater
sensitivity than the official dosimetry system.

At most plants reviewed, all workers are given whole body counts
periodically.
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Areas for improvement

Some plants do not give regular whole body counts to their radiation
workers. The OSART has recommended that whole body counts be given to all
plant workers at least annually and following any suspected significant intake.

6.6. RADIOACTIVE EFFLUENT CONTROL

Objectives

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

Limitation of radioactive effluent releases is achieved firstly 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, the final product being liquid effluent
releases of reduced magnitude and solid radioactive wastes.

Evaluation results

Overview and strengths

All plants reviewed were deemed to have excellent gaseous and liquid
monitoring facilities and all carried out environmental monitoring programmes
in line with current international practices and in many cases exceeded the
national requirements. Discharges were generally very low, thus demonstrating
that also fuel management and chemistry management were performed in a
satisfactory manner. Most of the plants visited are making significant
efforts to continuously reduce the releases in accordance with the ALARA
concept.

The discharge limits in various countries vary significantly but in all
cases the actual discharges are much below the limits, sometimes more than by
a factor of 100.
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At one plant, a reference dose of 0.1 mSv y whole body dose (10% of
the international recommendations) to members of the public in the vicinity of
nuclear power plants has been established. Every combination of releases
which gives rise to this dose is called "norm release". This is not a release
limit, rather it is a guidance value. The rule which establishes this
reference dose also states that all releases, both gaseous and liquid from all
reactor units at a power station, must be judged together and the release
limits be determined by the total environmental effect to which the station as
a whole gives rise.

At most plants all release routes for gaseous effluents are continuously
monitored for noble gases, iodine and particulates. At one plant in the event
of limits being exceeded automatic interruption of the discharge from the gas
treatment holdup tanks takes place. A spectroscopic analysis is made for each
batch discharge, samples being analysed weekly for continuous releases. In
another plant the gaseous effluents monitoring and sampling was extremely
elaborate and sensitive consisting of two redundant systems running in
parallel. The system is extremely impressive and reliable but also
expensive. It is an example of the best technology approach that appears to
be mandatory under the applicable requirements for this plant.

Liquid discharges are normally controlled in an adequate manner. At
several plants all liquid discharges are monitored by a global gamma measuring
device, which terminates the discharge when its signal exceeds the preset
upper limit alarm. A spectroscopic analysis is also made for each batch
release; a composite sample is analyzed weekly for continuous discharge.

An one plant liquid waste is treated in a very elaborate manner with the
objective to reduce the release as low as technologically achievable. All
active liquid waste is treated before discharge using filters, centrifugation
systems and evaporators.

At moot plants equipment for monitoring post accident releases have been
installed.

One plant has responded to the new requirements regarding severe
accidents by constructing a system for containment overpressure protection and
filtered venting.
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Areas for improvement

At one plant the service water system is an open circuit: that is, it
uses water from the main coolant intake to cool several heat exchangers that
circulate reactor coolant in their primary side. A leak in one of the heat
exchangers would cause a release of the radioactive coolant. The current
approach of sampling the service water outlet once per shift was not
considered adequate and it was recommended that service water should be
continuously monitored for radioactivity releases which would be indicative of
heat exchanger releases.

At one plant that relied on automatic termination of liquid discharge on
a high radiation signal, it was recommended that the analysis of
representative sample of each tank be made prior to discharge.

At another plant it was noted that iodine discharges through the stack
are measured using a charcoal cartridge which is counted once a week, but
there was no way of detecting an unexpected release, should it occur. It was
suggested that in addition to the weekly measuring regime a continuous iodine
monitor be installed allowing detection of unexpected discharges due to system
failures or human errors.

6.7 RADIOACTIVE SOLID WASTE MANAGEMENT

Ob.iectives

The radioactive solid waste management programme should aim at safely
processing low and intermediate level waste produced at the plant. The
objective is to ensure confinement of radionuclides especially during
transportation and storage.

Another important objective is to minimize the quantity of radioactive
waste as far as possible, for example by limiting unnecessary introduction of
materials to controlled areas.

Evaluation results

Overview and strengths

Most countries have national regulations with regard to storage of solid
waste and some plants have made arrangements to store their waste off-site.
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In general, radioactive solid waste is handled and processed in a
satisfactory manner. At those plants where the waste is stored on site and
therefore available for direct inspection by the OSART, storage has been found
to be carried out in an appropriate manner.

At several plants waste is segregated at source and extensive programmes
for decontamination of components ensure that the volume of waste is kept
low. At one plant it was noticed that the handling of drums containing
radioactive waste is done by remotely operated equipment to minimize radiation
dose. One plant which stores its waste on site has segregated the waste into
low and medium activity categories. Low activity waste is placed in metal
drums after compaction by a 4-tonne press, medium activity waste such as
resins are placed in metal drums and embedded in a concrete matrix. This
process is automatic, with remote control systems. The drums are stored in a
separate building in segregated areas depending on the nature of the waste and
the radiation level. The goal is to reduce the volume of solid radioactive
waste.

At another plant, in order to optimize the number of facilities for
treating waste, all ion exchange resins are processed in one unit, with final
storage facilities for low level waste being built on site, and a final
national repository also being available on site for low and medium level
waste. At more than one plant the traceability of each container produced,
using a computerized system, is excellent.

Areas for improvement

The. temporary storage location at one plant within the plant boundary,
where waste is conditioned and stored prior to being shipped elsewhere, needed
improvement. Air was not adequately monitored during work in this area, the
area was not adequately ventilated, and major quantities of combustible
material were stored with no adequate fire protection. It was recommended
that the situation be improved by installing an aerosol monitor, by modifying
the ventilation system, and by upgrading fire protection.
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7. CHEMISTRY

It is important to ensure that chemistry conditions are optimized during
all phases of plant operation if safe operation and the long-term integrity of
the equipment are to be assured. Careful chemistry controls also minimize the
build-up of radioactive contamination in plant systems and the release of
radioactive effluents to the environment.

Reviews have been performed for each of three different types of reactor
(BWR, PWR, PHWR). The chemical inspection programmes and related duties are
therefore not always always comparable, differences resulting from the choice
of materials, procedures, circuits, and techniques used for the different
types of reactor. The tasks of the chemistry group, in some cases, overlap
with the tasks of the radiation protection group. For example, control of
effluent release, waste-handling, and environmental control at some plants are
carried out by the chemistry group, at others by radiation protection
personnel.

OSARTs reviewed the chemistry area at five nuclear power plants.
Chemistry reviews were not conducted for two units still under construction.

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 CHEMISTRY 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.
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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.

Evaluation results

Overview and strengths

The number of chemistry personnel and their qualifications were generally
found to be adequate. At each plant the organizational responsibilities were
clearly defined and lines of communications established. Formal
communications, such as daily reports and daily and weekly meetings, were
being used effectively to ensure that both chemistry and operations staff had
current information on plant chemistry conditions.

The tasks and organizational position of the chemistry group vary from
plant to plant. At two plants the chemistry staff is integrated into the
operations (production) department and chemistry technicians are included on
all shift crews. At other plants the chemistry group belongs to a
surveillance (technical) department and chemistry technicians are on-call
during back-shift hours. Both approaches have been noted to ensure adequate
communications and fast response to abnormal chemistry conditions.

At most plants the chemistry group has only surveillance tasks. In
one case where the chemistry technicians have also operational duties,
the responsibilities for the different tasks were noted to be adequately
separated.

A common approach noted by several OSARTs is the division of the
chemistry staff into two sections: one section takes care of routine
surveillance; the other section, with higher educational levels, does
long term research and development work. The availability of such high
level chemists is valuable in responding to abnormal conditions or to any
gradually developing problems.
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At one plant the chemistry staff has been encouraged to specialize
in specific areas, in addition to the general knowledge they have in the
whole chemistry field. This has increased their motivation and resulted
in innovative high quality work.

Areas for improvement

The following improvements in the organization area were
recommended :

o At one plant formal arrangements were recommended to ensure
that chemistry personnel were available on-call outside normal
working hours.

o At one plant staff in a number of different positions, with
different duties, report to the chemistry supervisor. It was
recommended that the supervisor be given an assistant to
ensure co-ordinated responses to plant problems, and to serve
in his place in the event of his absence.

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.
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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.

Evaluation results

Overview and strengths

All plants reviewed by the OSART have a comprehensive set of
procedures and manuals for sampling and analysis during normal operation
and during refuelling outages. The personnel are familiar with the
procedures. In one case the procedures were noted to be excellent and to
include possible chemical interferences with the analysis, helping the
technician to recognize abnormal situations.

Areas for improvement

The following improvements were recommended in the content of
individual procedures, primarily with respect to sampling methods and
industrial safety in chemistry work:

o At one plant increased flushing should be done before taking
certain samples. In another case, solid corrosion products
should be measured using on-line filtration instead of grab
samples which are not representative enough.

o At one plant consistent use of gloves when sampling
potentially radioactive fluids should be enforced. In another
case more attention should be given to ensuring an adequate
ventilation air flow rate through fumehoods. At a third plant
improvements are needed in the methods used to store and
monitor flammable compressed gas bottles.

Procedures for post-accident sampling and related chemistry tasks
need improvement at most of the plants reviewed.
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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 FRG. 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.

Evaluation results

Overview and strengths

The scope of chemistry surveillance programmes and the frequency of
analysing important parameters from the main fluid systems were found to
be adequate at all plants reviewed by the OSART.
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The number of automatic measurements, such as ion-selective
procedures, ion chromatography, cross-gamma activity, and hydrogen
monitors is being increased. Monitoring of reactor coolant and feedwater
conductivity, dissolved oxygen, and cation conductivity is already a
standard practice. Also sodium detectors are installed at many plants.
PHWR plants have on-line monitoring for pH, PWR plants for pH and
hydrazine. At many plants the results are processed and trended
automatically by computer, at others computer software is being developed
for this purpose.

Periodic measurements of radionuclide concentrations and main
chemistry parameters, such as pH, are made daily during normal operation
and more frequently during transient conditions. Other parameters, such
as copper, nickel, chromium, and iron concentrations, are being analyzed
about once a week.

OSARTs have generally found evidence of fast response to deviations
in chemistry parameters. Out-of-specification periods, that usually
occur in plant transient conditions or after equipment failures, have
been kept short and small in number. At one plant it was noted that five
small condenser in-leakages had been detected and plugged before any
chemical parameter reached an alarm threshold.

Areas for improvement

OSARTs made the following plant specific recommendations or
suggestions, each of them relating to a different plant:

o Radioactivity limits in the secondary circuit should be
lowered.

o There are no chemical specifications (i.e. limits and
specified countermeasures) for steam generator water during
plant start-up, when the normal limits have to be waived. The
plant's reasoning was that deviations from the normal limits
should be as small as possible, for the shortest time
possible, and that higher limits during start-up would be
counterproductive. The OSART suggested that the policy in
this matter should be more formally expressed.
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o In addition to the detailed evaluations that are performed
whenever chemistry parameters exceed specified action levels,
routine evaluations and reports should also be made whenever
chemical parameters deviate from their normal values or when
unusual events occur.

o Surveillance of the condensate polishing system for cracking
of pre-coat material in filters should be performed either by
frequent sampling of the condensate or by the installation of
on-line monitoring instruments.

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 organizations working on
similar topics.

Evaluation results

Overview and strengths

Most of the plants reviewed have established research and
development programmes to reduce corrosion, waste production, and
activity build-up. These programmes have produced several concrete
improvements. Typical examples noted by the OSARTs are the following:

o Multiple precautions have been taken to ensure the long-term
integrity of the steam generators. New condensate polishing
plant was installed, copper alloys were replaced, steam
generator was chemically cleaned to dissolve copper and iron
deposits, and the steam generator is rinsed during scheduled
outages and after possible significant condenser in-leakage.
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o Improved filter material in the condensate polishing circuit
was installed to help remove excessive iron impurity from the
condensate and to reduce the generation of filter waste.

o Reverse osmosis systems have been installed in the process
water system to reduce organic impurities.

o Activity build-up in the primary circuit of a PWR has been
significantly reduced by varying the chemical conditioning of
the primary coolant and keeping the pH value constant at 6.9.

o Behaviour of the corrosion products in the primary and
secondary circuits under various operational conditions has
been followed using special instruments. With the resulting
improved insight corrosion products can now be better
controlled.

Areas for improvement

At one plant a new study was recommended which should assist in the
reduction of a high concentration of cobalt-60 in the reactor coolant.

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 to 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.
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Evaluation results

Overview and strengths

At all of the new plants reviewed by the OSART the laboratory space
is adequate and clean. The laboratories are separated in two parts, one
for "hot" and the other for "cold" chemistry. Additionally, some plants
have separate counting rooms and a special laboratory for the analysis of
low activity and environmental samples. Equipment and instrumentation
are adequate and dedicated for use in corresponding laboratories.

Most plants have a number of modern analytical instruments such as
ion chromatographs, atomic absorption spectrometers, and total organic
carbon analysers. Some plants even possessed equipment such as scanning
electron microscope, polarograph, and flame analysers.

Older plants have to cope with limited laboratory space which does
not always permit physical separation of hot and cold areas.
Contamination control in these laboratories is much more difficult and
more quality assurance measures are needed than in well organized modern
laboratories.

Areas for improvement

OSARTs made some recommendations to improve contamination control
and reliability of chemistry analyses:

o Better covering of samples and laboratory instruments are
needed to avoid radioactive contamination.

o Ventilation arrangements should be modified to ensure that air
does not flow from the hot laboratory to the counting rooms.

o Several older instruments, not giving reliable and
reproducible results because of poor design or shortage of
appropriate spare parts, should be replaced with new ones.

The post-accident sampling systems were not adequate at most of the
plants reviewed by the OSART. In some cases containment atmosphere
monitoring devices for sampling hydrogen, oxygen, and radionuclides are
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in place, but systems for sampling reactor coolant after a severe
accident still need development.

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 avoid the insertion 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
function-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.

Evaluation results

Overview and strengths

All plants reviewed by the OSART have implemented routines to
assure the quality of their chemistry work.

Each plant has a programme for calibration and maintenance of
chemistry instruments. Typical calibration intervals are one day, one
week or one month depending on the equipment. At one plant the
effectiveness of the calibration programme is controlled and monitored by
documenting the results in logbooks and on calibration graphs and quality
control charts.
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Reliability of chemistry analyses is verified by various means. At
one plant the reproducibility of the chemical analyses is examined every
day. A common practice is periodic (e.g., once every four months)
analysis of blind samples and comparing the results among the chemistry
technicians and to the standard. All but one of the plants participate
in intercomparison programmes with other laboratories for all major
analyses. In one case an intercomparison was performed every quarter of
the year.

Well organized chemical control programmes were found at most
plants.

Some plants use computational programmes to calculate pH values or
conductivities starting from ion species. Only if the comparison between
measured and calculated values is plausible are the analytical results
accepted. Abnormalities in the behaviour of the plant or in measurement
are easily detected.

Areas for improvement

At the plant where cross-checks with other plants were not being
performed, the OSART recommended seeking such co-operation from other
laboratories.

At one plant it was suggested that an authorized chemical list and
control programme for solvents, degreasers, and lubricants that are used
for maintenance and treatment of systems should be completed, to ensure
that only controlled materials are being used.

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
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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.

Evaluation results

Overview and strengths

All of the plants reviewed by the OSART use computer systems for
compiling and processing chemistry data.

In the advanced systems on-line data is input directly to the
computer. Trends can be displayed on a monitor and the results in
off-normal situations can be presented in hardcopy form immediately.
Most of the relevant off-line data is inserted into a data file. Reports
are periodically generated by the computer, such as the daily information
and monthly summary. Additional reports are published if action levels
are exceeded. Many reports contain high quality graphical presentations,
and abnormal values are easy to detect, A good approach noted at one
plant is a computer system that accepts only plausible values for each
parameter. If values going beyond the normal range of variation are
inserted they have to be confirmed separately.

Some plants also send chemistry summary reports for information to
national industrial organizations or to the vendor of the power station.

Areas for improvement

At one plant OSART recommended that more complete data be input to
the computer file, and that improved computer software be developed for
producing graphics of all measured values. In another case it was
suggested that reports should contain explanations whenever parameters
deviate from normal values.
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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 on the design and behaviour of the plant systems
is necessary. Their ability and qualification to perform tasks
independently should be verified prior to assignment.

Evaluation results

Overview and strengths

The qualification of the chemistry personnel was considered to be
adequate at each plant reviewed by the OSART. Highly qualified engineers
and/or chemists are in charge of the chemistry work. Personnel working
in the laboratories and preparing other routine works have an adequate
basic education in chemistry. The special training of personnel in
nuclear plant chemistry is usually done on site. The co-operation and
exchange of experiences with other laboratories and institutes often
supports the practical training of laboratory technicians. Courses
outside the plant are an important part of the continuing training
programmes. Special vendor courses for learning the operation of
high-precision instruments, such as scanning electron microscope, serve
to increase the knowledge of laboratory personnel.
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8. EMERGENCY PLANNING AND PREPAREDNESS

Emergency planning is concerned with the development and
preparation of plans to mitigate the consequences of radiological
emergencies for the health and safety of site personnel and the general
public. This includes the preparation of documented on-site and off-site
plans outlining all activities that may be required to be implemented in
the event of an emergency. Nuclear power plant management and public
authorities must plan and establish the necessary organizational
structures and assign personnel having emergency response
responsibilities to ensure that the response to emergencies that may have
the potential for off-site consequences is timely and co-ordinated.
Procedures to implement emergency plans should provide a rapid and
practical methodology. The plans should also include arrangements for
the timely notification and alerting of response 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. Adequate on-site and off-site
response facilities and appropriate equipment and resources are provided
and maintained to be available at all times. Provisions are made for a
rapid assessment of the need for on-site and off-site emergency measures,
and 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 and personnel training remain relevant and
effective.

The results of OSARTs to five operating plants and two plants under
construction in the following areas of emergency planning and
preparedness are discussed in this report:

o Emergency planning and preparedness organization
o Emergency response organization
o On-site emergency plan
o Off-site emergency plan
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o Emergency plan implementing procedures.
o Notification and communication
o Emergency response facilities, equipment and resources
o On-site response
o Off-site response
o Training, drills and exercises
o Public information
o Maintaining emergency preparedness

8.1 EMERGENCY PLANNING AND PREPAREDNESS ORGANIZATION

Objectives

Each organization with emergency planning and preparedness
responsibilities should provide an emergency planning/preparednesss
co-ordinator, whose primary responsibility is to plan and maintain the
utility's preparedness to respond to any accident or emergency at the nuclear
power plant. The co-ordinator should ensure that emergency arrangements are
properly integrated among the plant, the operator's headquarters organization,
local and national authorities, and relevant off-site emergency support
services. The co-ordinator should be placed in the organization at a
reporting level which is high enough to allow him to fulfill his
responsibilities, with the necessary authority and access to other on-site and
off-site organizations. In addition, the co-ordinator should have a
communication line to upper management of the organization so that problems in
planning or preparedness and matters of policy may be brought to the attention
of management if necessary. The co-ordinator may also be assigned to oversee
facilities and equipment, test communications, upgrade procedures, schedule
drills and exercises, conduct training, and incorporate programme improvements
based on the results of drill and exercise critiques.

The upper management and the responsible authorities should ensure that
preparedness is adequate and maintained by means of regular audits.
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Evaluation results

Overview and strengths

In general, the OSARTs have noted that organizations having emergency
planning and preparedness responsibilities have recognized the co-ordination
of associated activities as an important task. The approach taken to complete
this task varies among the different plants.

Some of the plants visited consider the emergency planning and
preparedness tasks to be of sufficient magnitude to warrant establishment of a
dedicated emergency planning and preparedness unit, or to appoint a single
individual as emergency planning/preparedness co-ordinator. The OSARTs
observed that the existence of a dedicated emergency planning and preparedness
unit has resulted in high quality emergency planning, ensuring the necessary
support for effective development and maintenance of the emergency response
capability.

At one plant excellent co-ordination has been achieved between on-site
and off-site organizations due to the designation of a co-ordinator in the
emergency planning unit to perform this function. At another plant top
management involvement in all important aspects of emergency planning has
contributed to achievement of a high level of preparedness.

Areas for improvement

At a number of plants the task of emergency planning and preparedness
co-ordinator is assigned to individuals in the organization who also have
other tasks and duties. In one case, the leader of the health physics
department was assigned as co-ordinator of emergency planning and
preparedness. At another plant, this task is performed within an engineering
group. It was noted that these persons had to devote a significant proportion
of their time to emergency planning activities, at the expense of their
regular duties.

Although the level of detail of the OSART reviews does not allow for a
positive conclusion that there is a direct connection between the level of
emergency preparedness and the existence of dedicated emergency co-ordinators,
the OSARTs have supported and recommended the establishment of on-site
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emergency planning/preparedness co-ordinators, reporting directly to top plant
management. The emergency planning/preparedness co-ordinator should have no
other duties than continuous co-ordination of all on-site emergency planning
and preparednesss activities, and co-ordination with the off-site emergency
planning and preparedness activities.

8.2. EMERGENCY RESPONSE ORGANIZATION

Objectives

An effective administrative framework should be provided for initial and
long-term response, to control any accident or emergency that could affect the
safe operation of the plant or the safety of persons on or off the site.

Organizational responsibilities should be clearly assigned for each phase
of response with respect to accident classification, activation of the
emergency organization, recommendation of appropriate protective measures, and
overall management of the emergency response. The shift supervisor should be
initially vested with these responsibilities for accidents that require prompt
actions to activate emergency response and to protect plant staff and the
public, without being required to initiate action through the management
chain. Adequate support for immediate actions should be continuously
available to the shift supervisor.

Evaluation results

Overview and strengths

The emergency response organizations and their staffing were found to be
adequate at all of the plants reviewed. They are providing an effective
framework for both initial and long term emergency response.

Rapid initial assessments of emergency conditions are performed by shift
supervisors and experienced shift workers. Initial emergency response
activities are delegated to the shift supervisor or, at some plants, to
qualified on-site and on-shift dedicated emergency co-ordinators. In general,
the initial on-site emergency organization is responsible for accounting of
personnel, search and rescue, first aid, fire-fighting, regaining control of
damaged systems, assessment of plant status, notification of staff members and
authorities, and recommendation of protective measures.
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With respect to later phases of accidents, the emergency response
organization becomes significantly different among the plants reviewed. In
this phase the organization is very specific to the plant, utility, and
country; but OSARTS have found that all plans for long term emergency
response which have been reviewed are adequate.

At one of the plants reviewed, the availability of a special company
providing nuclear support services for controlling emergencies on site and in
the area surrounding the power plant was found to be a remarkable feature.
This service company, operated by several utilities, provides equipment,
material and staff for use in emergency situations.

Areas for improvement

In some cases OSARTs made recommendations in order to highlight specific
difficulties that may arise, or to ensure effective response in the late
phases of a potential accident. The following are typical examples of these
recommendations :

o Strengthen the radiological monitoring capabilities on-site and
off-site by involving external laboratories from other nuclear power
plants or research centres.

o Relocate the dose calculation and projection staff to different
areas with improved habitability for the duration of potential
accidents.

o Augment the off-site emergency response organization with experts on
nuclear power plant operation and safety, to ensure that the
situation and potential hazards are well understood by the
authorities who take actions or give recommendations to the public.

8.3. ON-SITE EMERGENCY PLAN

Objectives

A documented plan should be provided outlining all activities that may
need to be implemented by or under the responsibility of the operating
organization in the event of an emergency. It should also identify interfaces
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with off-site organizations and authorities, and establish a methodology for
maintaining an appropriate level of preparedness.

As an aid to decision making, Emergency Action Levels (EAL) should be
defined. The planning basis should also include consideration of the need to
respond to low probability severe accident conditions beyond design basis
accidents.

Development of the plan should be co-ordinated with off-site
organizations in interface areas to ensure that responses are
well-integrated. Provisions should also be made for initial, rapid assessment
of off-site consequences until the competent authorities become operational.

Evaluation results

Overview and strengths

On-site emergency plans were found to have been worked out at all plants
reviewed. Although some improvements were suggested, and/or revisions of the
plan were being made, the plans were generally of good quality.

All plants visited have 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. The plans are usually well
documented and maintained. At some plants they contain detailed action charts
that are useful aids to all persons in charge.

At all plants reviewed Emergency Action Levels (EAL) were defined as an
aid for decision making. A variety of criteria were observed. At one plant
the OSART was very satisfied with an emergency plan containing a simple graph
for use in assessing when to initiate a pre-alarm or full alarm. The
instruments in the control room were calibrated in units corresponding to dose
rate and exhaust air volume rate through the stack, enabling the operators to
make fast estimates of the radioactive release through the stack.

Most of the plants reviewed have included in their planning basis the
potential need to respond to low probability severe accident conditions beyond
design basis accidents.
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The development of on-site emergency plans is generally co-ordinated with
the off-site emergency plans, although the development of on-site plans is
usually well ahead of the development of off-site plans. Most of the on-site
emergency plans at the plants visited have provisions for initial, rapid
assessment of off-site consequences until competent off-site prediction
capabilities become operational.

Areas for improvement

At one plant visited, the basis for the on-site emergency plan was just
being changed to include consideration of severe accident conditions. The
OSART suggested that top priority should be given to this task.

At one plant it was found difficult for the shift supervisor to clearly
select the one applicable criteria, among many, for classification of
emergencies; then to provide a satisfactory dose prediction in the early
phase of an emergency until more elaborate computer-aided systems become
operational. The recommendations in this case were to simplify the criteria
and to provide available on-call assistance to the shift supervisor for
initial dose prediction.

OSARTs made other suggestions at various plants, for example, that the
planners should:

o Include all relevant exposure pathways in the dose prediction (i.e.
ground and air contamination by aerosols, that may become important
under severe accident conditions).

o Develop a procedure for giving protective action recommendations to
the off-site authorities in the event of a rapidly developing
accident, based either on dose projections or status of fuel damage
and containment integrity.

8.4. OFF-SITE EMERGENCY PLAN

Objectives

A documented plan of appropriate scope should be provided for each
off-site organization or authority, outlining all activities that may need to
be implemented by or under the responsibility of the organiaiation in the event

140



of an emergency situation. It should also identify interfaces with other
off-site organizations and authorities and the nuclear plant staff, clearly
establishing responsibilities for each organization in planning and response;
and establish a methodology for maintaining an appropriate level of
preparedness. Development of off-site plans should be co-ordinated with the
on-site plan in interface areas to ensure a well-integrated response.

Emergency Planning Zones should be defined around the plant,to allow a
graded level of preparedness of emergency personnel, organizations and
equipment in areas adjacent to the plant. As an aid to decision making,
emergency intervention levels should be provided for implementing any
protective measures.

Evaluation results

Overview and strengths

The basic elements of an adequate off-site emergency plan were found in
place at all plants reviewed. All operating plants reviewed have emergency
plans, generally of good quality, developed in cooperation with the plant
operators and in accordance with the provisions of the national legislation
applicable to the country. Some of the plants, due to their early
commissioning stage, have so far worked out only the technical basis, ground
rules, specifications and basic elements of a final off-site emergency plan.
These fundamentals relate to the duties of the local, regional and national
authorities, and of other bodies and organizations having responsibility for
emergency planning and preparedness. Even in those cases, it appears that the
basis of planning is sound and consistent with international practice.

All plants with developed emergency plans have used the concept of
Emergency Planning Zones (EPZs). Although a variety of approaches were taken,
the OSARTs found them in general to be adequate.

Areas for improvement

At one of the plants reviewed, concern was expressed about the fact that
the radiation measuring standards used by the plant and the off-site
organization were different. (This was an important issue during the
Chernobyl event.) The programme for co-ordination of radiation measuring
standards is ongoing, and was supported by OSART.
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8.5. EMERGENCY PLAN IMPLEMENTING PROCEDURES

Objectives

Procedures should provide detailed guidance for the rapid and effective
implementation of the on-site and off-site emergency plans.

On-site procedures should provide for actions to correct abnormal
conditions, assess potential on-site and off-site consequences, classify the
category of emergency, activate the appropriate procedures, notify and alert
response personnel and organizations, and recommend appropriate protective
measures.

Off-site procedures should provide for activation of support
organizations and local and national authorities, communications, assessment
of off-site consequences, environmental monitoring, and implementation of
protective measures for the off-site population.

Evaluation results

Overview and strengths

Procedures for implementing emergency plans were found to be well
developed at all operating power plants reviewed. At one power plant in
commissioning stage, the preparation of emergency procedures had just started.

Most of the on-site emergency procedures, to the extent covered by the
OSART missions, address the emergency response organization function,
classification of emergencies, notification, radiological control, monitoring,
dose and damage assessment, evacuation, accountability, and other areas.
Apart from some suggestions to extend the scope covered by the procedures,
they were found to give generally adequate guidance.

Off-site emergency procedures provide 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, medical staff
training and 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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Areas for improvement

OSARTs suggested some improvements in specific procedures at two plants.
The following recommendations were made:

o Use the Safety Parameter Display System (SPDS) for transmission of
correct plant status data.

o Upgrade and expand procedures to define responsibilities and
resources needed to supply the control room with effective short-
term and long-term emergency technical support, and to cover all
emergency response functions.

o Develop strategies and formalize the process for distribution of
Potassium Iodine (KI) to plant and off-site emergency response
personnel during a radiological emergency.

8.6 NOTIFICATION AND COMMUNICATION

Objectives

A methodology should be provided for the timely notification and alerting
of all personnel and organizations who may be required to respond in the event
of an emergency. Provisions should also be made for the rapid alerting and
notification to the public within a pre-designated emergency planning zone in
the event of a rapidly developing emergency with off-site consequences.

Communications planning and equipment should be provided to support the
effective flow of information between emergency response facilities and
on-site and off-site response teams.

Evaluation results

Overview and strengths

Notification and communication systems are receiving increased attention
at the plants reviewed, as an important aspect of emergency response. Most of
the plants in operation have established functional and effective notification
schemes and communications equipment. The effectiveness of notification and
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communications systems at plants in the commissioning phase was evaluated on
the basis of completed detailed designs. At these plants extensive use of
external experience has resulted in facility design that will be well-equipped
and sufficient.

At most of the plants reviewed, the notification and alerting of all
personnel and organizations is achieved by diversified means. At one plant,
it was noted that only five calls from the plant are needed to alert the
entire emergency response organization. At another plant, a Site Alarm Centre
has been established. The Site Alarm Centre provides a reliable and secure
centre from which timely notifications from the site can be made. The
capability to activate the public alert system from the Site Alarm Centre was
judged to be an extra measure of safety.

Many plants reviewed have numerous communication links which are
redundant in terms of alternate equipment and alternate routing. In addition
to the public telephone network they may include direct ("hot line")
telephones, microwave links, telexes and radio systems.

Areas for improvement

Weak emergency communications, based only on the use of the public
telephone network, was noted at one plant. Acquisition of alternative
communication equipment was recommended.

The use of telefax equipment that could complement oral communications
was recommended at several plants.

A recommendation was made at one plant to institute a collective call
system instead of making many individual calls to improve notification of the
emergency management team.

8.7 EMERGENCY RESPONSE FACILITIES, EQUIPMENT AND RESOURCES

Objectives

Provisions should be made for adequate on-site and off-site response
facilities and appropriate equipment and resources that can be brought into
operation without delay in the event of an emergency. These should include
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centres from where the on-site and off-site emergency responses can be
directed, and from which assessments of radiological consequences can be made
for the implementation of any necessary remedial actions or protective
measures. The availability of facilities and equipment should be assured
under the most adverse radiological conditions.

Evaluation results

Overview and strengths

At all operating plants reviewed, the emergency response facilities were
found to be adequate. At those plants in the commissioning stage, adequate
planning for emergency response facilities, equipment and resources has been
established. This general conclusion can be arrived at although this area of
emergency planning and preparedness has resulted in the largest number of
recommendations and suggestions by OSARTs. This is because the topic is broad
and a variety of solutions are possible, allowing for improvements in many
details.

Examples of commendable practices were found at several plants. As an
example, the OSARTs have found widespread use of well-equipped emergency
cabinets distributed all over the plants. This makes it possible to reach the
appropriate equipment in case of need at any given place and in the shortest
possible time. At some plants it was suggested that iodine tablets should be
included in the emergency cabinets.

Fire protection equipment and resources were judged to be at a very high
level at all of the plants reviewed. The medical services are also
exceptionally good at some plants.

Areas for improvement

The following suggestions related to improvements in the assessment of
radiological consequences were made at various plants:

o Provide for monitoring air contamination by air sampling and
measurements of aerosols, tritium and iodine in all emergency
response facilities.
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o Use site-specific validated dispersion models in computer programmes
for the assessment of radiological consequences; changing weather
conditions should also be taken into account.

o Use devices to measure the plume activity in situations where
environmental sampling is not possible (i.e. at plants sited on
shores of an open sea or lake).

o Provide for redundancy in the wide-range stack radiation monitoring
system.

o Expedite development and installation of computerized planning and
data acquisition systems for radiological dose assessment and
projections .

o Expedite development and improvement of post-accident sampling
system.

Other suggestions concerned detailed improvements in the equipment being
used, or the method of using existing emergency equipment:

o Install flashing alarm lights on telephones in emergency response
facilities to reduce noise from incoming calls.

o Improve the marking of escape routes.

o Pre-mark status boards with titles and columns to facilitate the use
and display of information.

8.8 ON-SITE RESPONSE

Objectives

There should be a methodology for initial rapid assessment of the on-site
radiological hazard, including any necessary rescue, fire fighting, first-aid,
radiation protection and damage control requirements. It should also provide
for actions to restore the plant to a safe condition.
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In the event of a site emergency, unnecessary personnel may need to be
evacuated, and methods to ensure all persons are accounted for in a timely
manner should be available. Adequately protected spaces and protective
equipment must be provided for vital personnel who have to stay on-site.

Evaluation results

Overview and strengths

Not all OSART reports addressed capabilities for the rapid assessment of
on-site radiological hazards including necessary rescue, fire-fighting,
first-aid, radiation protection and damage control. In those reports that did
address these subjects, the capability of the plant staffs to respond to
emergency situations were found to be adequate. At several plants the use of
display and status boards in the control room and other emergency response
facilities was found to be excellent. Rapid initial assessment of plant
status can be done by the shift operating crew and in-plant survey and rescue
crews.

At most of the plants reviewed the fire fighting teams on-shift are well
equipped, and in most cases backed-up by local community fire brigades.

To ensure that all persons are accounted for in a timely manner some
plants place the responsibility on the work unit supervisors to account for
their personnel and to make appropriate reports. This system is typical and
is acceptable.

Areas for improvement

At some of the plants, calling for external support in fire situations is
done only after the plant staff has failed to extinguish the fire. This
approach could result in a delay in controlling the fire. It was suggested
that those plants should alert reinforcements immediately a fire is found to
have broken out at the plant.
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8.9 OFF-SITE RESPONSE

Objectives

A method should be provided to make initial rapid assessments of the need
for off-site emergency protective measures, to supplement the initial
assessment with adequate field measurements, and to ensure that adequate data
are available to enable the making of recommendations. The response should
also take into account the need to implement protective measures, and to
decontaminate and treat members of the public irradiated by, or ingesting,
radioactive materials released from the plant.

Evaluation results

Overview and strengths

Not all OSART reports covered the subject of off-site response. It is
therefore difficult to attain a balanced picture of all off-site response
capabilities at the plants reviewed. In one OSART report that did address the
subject, an exemplary situation was found. The plant's Nuclear Reactor Remote
Monitoring Network system compiles dose rate measurements from 30 different
measuring points around the plant, together with some in-plant data (i.e.
emission monitoring). This system generates dose predictions automatically,
on request or if a given alert level is exceeded. With this monitoring
network the disaster control authority has an instrument at its disposal
reaching far beyond the usual scope of assessment capabilities.

Areas for improvement

At one plant the initial assessment of emergency conditions is delegated
to the plant shift supervisor (as usual at many other plants) whose
capabilities to assess the situation are limited because action criteria are
inadequate. Therefore, as mentioned earlier, a recommendation was made to
simplify the criteria and to provide on-call support to the shift supervisor
for initial dose prediction.

At some of the plants reviewed the capabilities for field measurements
are limited due to the small number of available field survey teams. As a
remedy, installation of on-line remote radiation survey instrumentation around
the plant was recommended.
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8.10 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
duties under the emergency plan. The training should enable them to respond
in a correct and efficient manner if an emergency occurs. A programme of
periodic drills and exercises should be provided to reinforce this training,
and to enable assessment of the effectiveness of the plants' emergency
response capability. The programme should include periodic, 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 the general training of personnel
on-site other than those having emergency duties, to familiarize them with
procedures for alerting personnel of emergency conditions and for evacuating
the area or site.

Evaluation results

Overview and strengths

At all of the plants visited there was ample evidence of comprehensive
training programmes for developing and maintaining the knowledge and skills of
emergency personnel. The personnel attitude towards training in this area is
very good and the OSARTS were in general satisfied.

A variety of techniques are used at the different plants to achieve the
goal of effective emergency response. It is common practice to conduct
regular emergency drills and exercises on the individual emergency response
units (i.e. shifts, fire-fighting brigades, medical units, radiological
monitoring, communication, etc.). The plants have also recognized the need to
conduct periodic, comprehensive and integrated on-site and off-site exercises
involving all emergency response organizations.

The following are examples of good practices in the area of training,
drills and exercises that have been observed at different plants:

o Training emergency personnel with video tape recordings of previous
exercises.
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o Use of plant specific probabilistic risk assessment techniques for
developing accident scenarios and for defining appropriate release
estimates for radioactive materials.

o Good co-operation among utilities with respect to emergency planning
and information exchange on exercises.

o Use of specific "post accident environment" education and training
programmes related to plant habitability in post-accident
situations. As an example of an effective tool for such training,
the use of colour-coded co-ordinated in-plant maps representing
radiation levels expected during an emergency was noted at one plant.

Areas for improvement

Some plants did not conduct periodic integrated on-site and off-site
exercises involving all emergency response organizations. Such exercises have
been strongly recommended. Examples of some specific recommendations that
were provided are:

o Include the off-site response units (i.e. fire brigades in
surrounding communities) in the on-site drills and exercises if they
have a significant role in the early phase of an emergency involving
fire hazard.

o Co-ordinate accident scenario development among on-site and off-site
task groups for integrated exercises.

o Improve the use of feedback from experience gained in drills and
exercises in training programmes and overall emergency planning.

8.11 PUBLIC INFORMATION

Objectives

Provision should be made for the timely dissemination of accurate,
reliable and readily understandable information to the public and to the
media, both before an accident occurs and during a potential accident. The
information should relate to the emergency arrangements for the plant and to
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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.

Evaluation results

Overview and strengths

OSARTs have concluded that provisions for dissemination of information
to the public and to the media, both before and during a potential accident,
have received the necessary attention. The completeness of planning varies
from plant to plant mostly as a consequence of their different stages of
construction, age, or the priority assigned to this area.

There are several plants with mature and fully operational public
information programmes. A number of other plants reviewed are just preparing
their public information programme.

A. eoTOmottly adopted &ood practice is to include the most important
emergency response information in a booklet, which is distributed to the
public in the vicinity of the plant. For better understanding and to keep the
information current, a public education programme is in one case established
on local television. For information dissemination during potential accidents
some plants have foreseen and already equipped dedicated public information
and media centres.

Areas for improvement

As well as urging implementation of public information programmes, the
following recommendations were made:

o Improve co-ordination of information between different responsible
organizations, including provisions to ensure that sufficient
expertise is available.

o Expand the scope of implementing procedures for information
dissemination during potential accidents.
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8.12 MAINTAINING EMERGENCY PREPAREDNESS

Obj actives

A method should be provided to ensure that any necessary modifications
are made to the emergency plan and associated implementing procedures, using
information fed back from training, drills, and exercises. The information
contained in these documents should be kept up to date, and regular
independent reviews and audits should be made of the emergency preparedness
programme.

Any changes and updates of the emergency plan and implementing
procedures should be promptly communicated to appropriate response
organizations if interface arrangements are affected.

Evaluation results

Overview and strengths

Organized efforts have been made to modify and update emergency plans
and implementing procedures, drawing on accumulated experience, at all plants
reviewed.

Many plants have established a methodology for collecting, processing
and feeding back the experience from training, drills and exercises. One
plant is effectively using a special "Emergency Planning Problem Cause Removal
Form" that enables personnel to identify any existing problems. These are
then documented in a computer-based open item list.

Provisions to periodically update the emergency plans and implementing
procedures were also established at several plants. Periodic management
briefings, quality assurance audits, and periodic reviews of the emergency
plan and implementing procedures were examples of good practices observed by
OSARTs.

Areas for improvement

Although the organization and methodology for maintaining emergency
preparedness exists, and is gradually being developed at plants already
commissioned, there is still room for further improvement. Most of the
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problems noted are due to different priorities being assigned by different
organizations participating in emergency planning (on-site and off-site).
OSARTs have therefore recommended that independent reviews of the overall
emergency preparedness programme should be made. In addition, the public
authorities and the operating organization should improve their mutual
communications, and establish a formal exchange of all modifications to the
emergency plan.
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