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FOREWORD

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

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

The observations of the OSART members are documented in technical
notes which are then used as source material for the official OSART
Report submitted to the government of the host country. The technical
notes contain recommendations for improvements and descriptions 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 to be the first in a series. The next report is
planned to be a summary of OSART missions during the twelve months from
June 1987 to May 1988.



EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency
have mounted and paginated the original manuscripts and given some attention to presentation.

The views expressed do not necessarily reflect those of the governments of the Member States
or organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of
their authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
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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 August 1983 to May 1987. 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 concerns which have already been
identified.

A total of 18 OSART missions were made during the period August 1983
to May 1987. Thirteen operating plants and two plants in the final stage
of construction were reviewed, in 12 IAEA member states. The remaining
three missions were follow-up visits to plants previously reviewed.

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 backgrounds 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 1987, 132 external consultants and observers
from 27 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 other hand, it should
not be expected that all recommendations coming from an international
team lead to concrete actions. It is for experts in the host country
to judge which proposals may be the most valuable contributions to
the enhancement of safety, and should be included in the action plan
worked out after the mission. Feedback from the plants reviewed has
indicated that many OSART 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
eight cases 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.
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PART A
EXECUTIVE SUMMARY

Operational Safety Review Teams (OSARTs) have concluded that all
nuclear power plants they have visited so far were operated without
causing undue risk to the health and safety of plant personnel and
general public. The teams have however noted room for future
improvements, and made recommendations intended to accomplish these
improvements. The operators of all plants visited have responded
positively, and corresponding actions have often been initiated even
before the end of the OSART mission.

The general tenor of this report is therefore positive. However, a
review of the results of OSART missions shows that not all operators have
taken the systematic, structured approach which is necessary to ensure
that important functions are managed in a consistent and controlled way.
One conclusion of the report is that workers do not always follow
established guidelines or good working practices. Managers and
supervisors should involve themselves more closely in plant operations,
to ensure that high performance standards are achieved and maintained.

OSART missions have found that at each plant visited there are some
practices or ideas which could be adopted by others. Team members have
frequently returned to their own organizations with ideas for improvement
in their own programmes. On the other hand, some areas where
improvements could be made have been identified even at the best plants.
In most cases, the deficiencies were already known to plant operators,
but had not been resolved effectively before the OSART visit. This leads
to the conclusion either that managers have sometimes failed to allocate
sufficient resources to the resolution of problems, or that they have not
had an adequate knowledge or understanding of what is happening in their
own plants -- perhaps because they have been overloaded with
administrative work. Both factors might be important.

This document presents significant observations made by OSART
missions during the period August 1983 to May 1987. The most significant
concerns and recommendations are listed in the first part. In the second
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part, we discuss in detail the findings of OSART missions in eight subject
areas. It is hoped that operators -- especially those of plants which
have not yet been visited by review teams — will take note. The safety
record of the nuclear industry is only as good as that of its weakest plant.

Management, Organization and Administration

Most operating organizations were found to have established an
organizational structure in which responsibilities were clearly defined
and documented. However, some nuclear power plants were advised to
develop additional administrative procedures to ensure consistent
performance of all plant activities. In a few cases, the OSART proposed
increases in the number of staff, particularly in operations and in
quality assurance. OSARTs have also recommended improvements in
managerial tools and supervisory techniques. These include the
establishment of performance objectives for key areas, introducing
computerized action tracking systems and conducting appraisals of
personnel performance.

Effective quality assurance (QA) programmes to support safe and
reliable plant operation were in place in only a few nuclear power
plants. Improvements in QA programmes were generally recommended, with
emphasis on auditing performance and results of plant activities and not
stopping at checking compliance with formal requirements.

OSART missions have also concluded that plant managers should improve
their document control programmes to guard against the possibility that
operators and maintenance personnel might use outdated, inadequate or
unverified documentation in their work. The general principle is that
any technical information entered in drawings, diagrams, lists etc. for
field use should be checked and formally approved. Some document control
programmes should be enhanced to ensure easily retrievable records of
past observations, actions and events.

Training and Qualifications

Training programmes at the plants reviewed have been found to vary
widely in scope and in the degree to which they are implemented. OSART
missions have determined some excellent training programmes. Many plants
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have good training material, equipment and facilities, and use simulators
and other high quality training aids. However, the resources available
for training programmes at other plants have sometimes been found to be
inadequate. Some plant managers have not recognized the importance of
training all personnel systematically. Some programmes omit training for
supervisors in leadership and stress management, periodic drills to
ensure that the personnel can safely shut down the plant if the control
room cannot be occupied, and training on plant modifications.

OSARTs have recommended that performance-based training programmes
should be developed and implemented for each category of personnel.
Feedback from trainees and supervisors, the results of performance
assessments, and operating experience acquired both at the plant itself
and from industry generally should be drawn upon to improve training
programmes. Lesson plans and written guidelines should be developed to
ensure consistency in the conduct of training and in establishing the
qualifications required for any particular job. Instructors should
themselves be trained in adult education and in teaching skills, and
should be required to keep up to date both their own technical
qualifications, and their familiarity with job requirements, plant system
changes, current practices and operating procedures.

On-the-job training is frequently not utilized to the extent
desirable, and implementation standards are missing. OSARTs have
therefore recommended that on-the-job training guides and qualification
checksheets should be developed for each category of personnel. These
should list the knowledge and practical skills required to qualify for a
job to ensure that training is consistent and uniform. They should
specify clearly whether the practical requirements should be performed,
simulated (i.e. walk-throughs), observed or discussed.

At most plants, the classroom and simulator phases of initial
operator training are well organized and systematically performed, but
retraining programmes are often not effective, and training of control
room supervisory personnel in the non-technical aspects of their jobs is
not given adequate attention. Operator training is often limited to the
time which is considered to be "available", rather than the time which is
required to ensure that that training is effective.
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Operators should undergo period retraining, and the time needed for
this should be taken into account when annual work schedules are being
planned. Simulator retraining exercises should be planned systematically
and should reflect operating experience. Training of this sort should be
structured, with pre-exercise briefings, post-exercise critiques, and
performance evaluations. Control room supervisory personnel should be
trained in stress management and in behavioural sciences. In addition,
they should be provided with supervisory, leadership, communication and
administrative skill training.

Operations

At all plants reviewed, operating procedures and administrative
control programmes are designed to support safe operation. Stations with
a good operating record have been found to be most effective in
administering these programmes. However, at a number of plants, OSARTs
have noted failures to adhere to established procedures and programmes.
This is a significant concern. Sometimes, too, the quality of written
procedures could be better. The fact that OSARTs have identified
problems such as these shows plant managers fail to pay attention to
detail and, as noted in the previous section, in some cases staff are not
adequately trained. Operating facilities and equipment are generally
good, but the standard of cleanness and housekeeping could be improved in
some plants.

OSARTs have concluded that operations managers and supervisors should
be involved to a greater extent in day to day activities, and should take
action to ensure that personnel adhere to established procedures.
Failure to do so can have significant consequences. OSARTs have
identified problems in the following areas as being of the greatest
concern: work authorization and tagging systems; temporary
modifications; shift turnover; abnormal valve lineups and restoration
of systems after surveillance testing; jumper installation and lifted
leads; and the detection of plant defects and the assignment of
priorities to their repair.

OSARTs have found considerable variations in staffing numbers: some
plants employ only the minimum number of shift personnel required for
normal operations. In some cases some staff have been found to work

14



excessive overtime, with the result that they have been fatigued, or have
been unable to attend training classes. The number of operating staff
should be adequate to cover not only normal shift duties, but also
periods when they are being trained, engaged in support activities, on
vacation, ill or lost for other reasons.

The shift supervisor's responsibility and authority is clearly
defined and understood at most plants. However, at a few, it is not.
This might compromise the decision-making process. Lines of authority —
especially with respect to actions to be taken under emergency conditions
— should be clearly defined and understood.

In some cases, it has been found that procedures which operators
regarded as authorized were not, as they had not been revised to reflect
changes in plant configuration. The use of unauthorized documents for
plant operation should be prohibited: managers should review and update
operating procedures periodically, and ensure that the documentation
available to operators is current.

At some plants the format of emergency operational procedures is
difficult to follow, and the procedures themselves do not address
adequately accident scenarios in which multiple failures occur. OSARTs
have recommended accordingly that plant managers should review and
upgrade emergency operating procedures.

The facilities and equipment at the disposal of operators vary
considerably from plant to plant, but have been found generally adequate
to support plant operation. In a few plants, however, it has been
observed that the habitability of the main control room following an
accident could not be assured: ventilation systems were not designed to
cope with radioactive gas, smoke or toxic fumes.

Maintenance

Most of the nuclear power plants reviewed were found to be in a good
physical condition, i.e. equipment was well maintained and piping systems
were essentially free of leaks. Some operators have extensive preventive
maintenance programmes; but others appeared satisfied in doing
relatively more corrective maintenance, i.e. rectifying faults or
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failures which had already occurred. OSARTs have generally encouraged
expansion of preventive maintenance activities including predictive
maintenance based on regular testing and other diagnostics.

Most plants were found to have implemented a work control system that
maximizes personnel and equipment safety when carrying out work in the
field. A few plants, however, have tolerated practices that do not
ensure effective control of equipment and plant status. OSARTs have
recommended that managers should implement measures to ensure that shift
supervisors check that equipment is adequately isolated when it is being
maintained. Uniquely identifiable tags should be used to prevent
inadvertent operation of equipment used to establish the isolation
boundary.

There were written maintenance procedures at all plants reviewed, but
their scope varied widely from plant to plant. In some cases, written
procedures are used for essentially all maintenance tasks and provide for
independent verification or inspection to validate critical measurements
or key steps. However, in a few cases maintenance instructions consisted
only of bulletins and other information from vendors, sometimes in a
foreign language, often generic in nature and providing little detail.

OSARTs have therefore recommended that procedures should be developed
for all safety-related work and for non-safety related work that could
result in a station transient, degraded station reliability, or hazards
to personnel or equipment. Information should be presented clearly and
concisely, and should minimize the need for interpretation. In addition,
hold points, the points at which independent verification should be
sought, and data to be recorded should be clearly indicated.

Technical Support

Most operating organizations are competent in reactor engineering,
fuel handling and the use of computers; but OSARTs have noted problems
in other areas.

Operating experience analysis and feedback is often seen as lower
priority work of the engineering staff. OSARTs have repeatedly
emphasized the need of changing such attitudes. Some organizations do
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not adopt a structured approach to the determination of the root causes
of unusual events. As a result, analyses of such events have sometimes
been inconsistent, and the actions taken to correct problems have been
inadequate. As a generality, it can be said that few operators seek to
benefit from others' operating experience.

Plant modification policy varied considerably in plants reviewed.
Some plants have ongoing programmes to improve plant performance and
safety record while others take only remedial measures after occurrence
of unusual events. Modifications are generally well done, but equipment
is sometimes restored to service before operators have been trained in
necessary changes in procedures, and before drawings and other plant
documents have been updated.

Some plants with an above-average operating record have established
comprehensive surveillance test programmes that provide important inputs
for planning preventive maintenance and for assessing the long-term
reliability of plant equipment. Some other plants have implemented only
minimum surveillance testing to demonstrate that the components of
safety-related systems are operable as required by the licensing
documents. To assure the reliability of safety-related equipment, some
programmes should be improved.

OSARTs have recommended improvements in surveillance programmes such
as collection of additional data from equipment operation during the
tests and greater consistency in test frequencies and practices through
more information exchange between similar plants. The adequacy of plant
equipment and instrumentation to determine important parameters should be
evaluated, and improvements introduced as needed to ensure that tests are
representative. Test procedures should be evaluated to ensure that
provisions for data collection are adequate, and that acceptance criteria
are unambiguous. Operators should give special attention to the reliable
verification of system realignment after each test.

Radiation Protection

In general, radiation protection policies and programmes have been
found to be good. Most operators monitor the surroundings of plants
closely, and some environmental monitoring programmes can only be
described as outstanding.
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Discharges of radioactive gaseous and liquid effluents as well as the
radiation exposures of personnel have generally been found to be low.
Most plants reviewed had adequate radiation protection instrumentation;
sometimes, however, procurement of specific additional equipment has been
suggested.

Although plant workers are generally well protected against undue
radiation exposure, they are not always provided with adequate current
information on radiation levels in working areas, or prevented from
entering areas where radiation levels are high without adequate
protection. In some plants entry to controlled areas and routines for
contamination control are not well organized.

OSARTs have recommended that radiation levels in working areas be
monitored frequently and indicated clearly by up-to-date area
classifications and signs. The adequacy of alarms, fences and locks to
prevent unauthorized access to high radiation areas should be reviewed,
as should arrangements to limit the spreading of contamination, both
within and outside the boundaries of controlled areas.

OSARTs have noted that the capability of a number of plants to
measure radiation levels and releases in severe accident conditions was
insufficient. A few plants did not have enough portable radiation
monitors and protective equipment for use in possible emergency
conditions. OSART recommendations therefore, called for more
instrumentation to enable reliable monitoring of effluent releases in
severe accidents conditions. Generally, the adequacy of radiation
monitoring instruments and protection equipment for use in emergency
should be reviewed and additional equipment acquired as necessary.

In a few plants the OSARTs recommended an upgrading of the systems
installed for monitoring normal discharges of gaseous and liquid
radioactive effluents. Some plants have been found to have inadequate
provisions for the safe handling of solid radioactive waste. OSARTs have
therefore recommended that operators should review solid waste management
practices, to ensure that occupational doses arising from handling and
storage are as low as possible, that the volume of waste is minimized,
and that different waste types are segregated appropriately.
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Chemistry

In general, OSARTs have formed positive impressions of work done in
the chemistry area: personnel have been found to be highly professional
and competent, and control and surveillance programmes were adequate.
However, some room for improvement of procedures, laboratory facilities
and equipment have also been noted.

Some OSARTs have recommended that the status and adequacy of the
instructions given in plant chemistry procedures should be reviewed, and
that supervisors should ensure that operators adhere to existing
procedures.

OSARTs found several plants short in laboratory space and modern
chemistry instrumentation. In some plants, primary sampling stations did
not have adequate radiation shielding and controlled ventilation.
On-line chemistry monitoring could often be expanded. Recommendations
were made to review the adequacy of laboratory facilities, sampling
stations and instrumentation to ensure satisfactory chemistry control and
safety of personnel.

Following the TMI accident, the need of installing post-accident
sampling systems was generally recognized. These should make it possible
to take representative water and air samples from an isolated reactor and
containment. There should also be procedures for the handling,
transportation and analysis of the samples at the power station
laboratory, or elsewhere. OSARTs have found however that the majority of
the plants reviewed had not yet installed such a system, and some plants
that had still lacked procedures for its operation.

Emergency Planning and Preparedness

OSARTs have reviewed operators' emergency plans, their preparedness
to respond appropriately in the event of a severe accident, and their
relationships with off-site emergency services.

All but one of the operating nuclear power plants reviewed had
complete, current on-site emergency plans. In some instances the plans
and the preparedness of the organizations involved were considered
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outstanding. However, a few cases have led OSARTs to question whether
the organizations concerned could respond to emergency in a timely and
efficient manner. A significant deficiency of some emergency plans was
that their scope was limited to design basis accidents excluding accident
sequences with severe radiological consequences.

The resources allocated to emergency planning and preparedness were
often-inadequate. OSARTs found dedicated emergency planning
co-ordinators at a few plants only. More often the associated tasks were
performed as collateral duties of an individual with other duties such as
radiation protection. In these instances, it was recommended that site
emergency planning and coordination duties be assigned to a single
individual without additional duties or responsibilities.

Most of off-site emergency plans were found to be well developed in
close co-operation among plant operators and local, regional and national
authorities. In some cases, it has been found that the authorities were
short in expertise or had still to co-ordinate effectively the roles of
the various organizations involved. In others, off-site planning had not
progressed to the necessary extent and depth. Some organizations had
tested their emergency plans in limited-scope exercises only, without an
opportunity to discover interface problems between on-site and off-site
organizations.

OSARTs have therefore recommended that operating organizations should
develop and implement emergency plans that are consistent with those of
local, regional and national authorities. The responsibilities of each
organization should be clearly defined and co-ordinated and regular
integrated exercises should be conducted to verify the coherence of
on-site and off-site emergency plans and their implementation.

At some plants, emergency communications relied on the normal
telephone system only. In these instances, installation of additional
redundant and diverse communication links had been recommended.
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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 the 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 which management have
adopted to assure the safety of both plant personnel and the general public.
The review team focus on the following sub-topics:

o Structure of the operating organization
o Quality programmes
o Regulatory and other statutory requirements
o Industrial safety
o Fire protection
o Plant security
o Document control.

Each of these topics is addressed below. The objective of the review
in each area, overall impressions and a description of the extent to which the
objectives have been met, good practices and specific findings of OSART
missions are described.

1.1 STRUCTURE OF THE OPERATING ORGANIZATION

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

Results

The size and structure of operating organizations vary considerably,
depending on plant size-Sïïu"""ôri the extent of services provided on-site as
opposed to off-site from within or outside the utility organization. A
documented organizational structure clearly defining functional
responsibilities was found at most plants. However, administrative procedures
at some plants cover only some activities. In addition, manpower resources at
many plants have been found to be limited and may be insufficient to cope with
all tasks required for safe and reliable plant operation without undue stress.

Innovations in management tools and supervisory techniques developed in
the past few years are not yet applied at most plants visited. The most
important of these techniques is the practice of providing systematic
assurances of human performance. Innovative management tools include a quality
assurance programme, in-process quality control monitoring and inspections,
management monitoring of personnel performance at all levels, management
information systems, and personnel performance evaluations.

Safety review committees have been used successfully at most plants to
give added assurance that the potential impact on plant safety of changes in
procedure and plant modifications has been considered. However, there are
neither internal and external plant operational safety review committees at
some plants. Plant experts sometimes discuss safety related topics on an ad
hoc basis, but not methodically in accordance with a schedule of meetings at
defined intervals. At one plant an external safety review committee was
established some time ago but has never met. The plant safety advisory
committee, tasked with advising the station superintendent and reviewing plant
performance, meets infrequently on a non-scheduled basis.

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 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 the programme should be performed by designated individuals or groups who
are knowledgeable and experienced in nuclear power plant operation. The
individuals performing verification functions should not have direct
responsibility for the activities being verified.

Results

Although some quality programmes are in place in most plants visited by
OSARTs, many are weak. At a few plants, only the minimum quality controls
required for inspection and acceptance of plant pressure vessel repairs and/or
replacements were noted. Quality assurance programmes to monitor
safety-related activities and to provide overview and feedback to line
management are sometimes completely missing.

Some specific findings made at a number of plants are:

o There is no formalized QA programme and no organizational unit is
responsible for QA. There are, however, fragments of QA in some
sections.

o Quality assurance audit programmes are not being fully implemented
due to lack of manpower. At one plant only three QA audits have
been performed in the last five years.

o Systems and components having a direct bearing on plant safety, to
which quality programmes should apply, are not well defined.

o Training in quality requirements is not provided to personnel held
responsible for verifying the quality of work.

o Methodical documentation of processes and activities and retention
of records relating to plant safety does not exist.

o The scope and effectiveness of quality programmes is severely
limited by lack of resources.
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o Some deficiencies pointed out by QA audits are repeat deficiencies
from previous audits. Although all identified deficiencies are
corrected by the responsible line organization, and verified by a
follow-up inspection by QA, the deficiencies recur. This indicates
that the root cause of the deficiencies has not been addressed and
resolved.

o Quality assurance practices do not include a review by QA personnel
of safety related procedures, work packages, or maintenance
procedures before approval for use. Also, a final review by QA
personnel is not made before placing important documents in the
permanent record to ensure that quality requirements have been met.

o Quality assurance reviews do not include assessments of the
effectiveness and adequacy of the activities being observed, but are
limited to verification of compliance with procedures.

1.3 REGULATORY AND OTHER STATUTORY REQUIREMENTS

Objectives

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

Results

At most plants, OSARTs have found a good professional relationship
between the regulatory body and cognizant plant management: there is mutual
respect, fostering 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. Additional reports are made when appropriate
to report on significant (reportable) events, personnel changes in management
positions, operator license renewals, etc. At most plants, periodic
regulatory inspections are conducted by resident inspectors and periodic
(sometimes unannounced) inspections by home office or regional inspectors.
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In a few cases, it was found the nuclear safety inspectorate and/or
regulatory body are understaffed, and not in a position to cover all aspects
of operational safety. As a result, there is sometimes a long delay between
receipt of written requests from plant management and concurrence to proposed
actions, or other response. In one instance, delays of up to eight months
were observed in response to requests for agreement to changes in plant
methodology. Such delays may force the plant to delay work or to perform work
on an interim basis — creating the possibility that rework may have to be
undertaken when final approval from the regulator is received.

1.4 INDUSTRIAL SAFETY

Objectives

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

Managers and supervisors should actively support the industrial safety
programme, and be held accountable for the achievement of a high level of
industrial safety performance in their working groups. The work environment
should be safe and orderly, and 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.

Results

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 coordinator, with responsibilities for keeping
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safety programme policies and procedures up to date, and for coordinating or
personally conducting such tasks as personnel training, accident
investigation, programme assessment and identification of trends.

A high degree of personnel safety is achieved at some plants. There is
a "safety culture" or degree of awareness of the need to assure safety such
that safety is in the forefront of all work planning and execution. OSART
teams consider the achievement of this "safety culture" to be a good practice.

However, weaknesses in safety programmes have sometimes been observed,
and OSARTs have recommended improvements. The following findings are
representative :

o Although industrial safety is monitored by full-time industrial
safety inspectors, many personnel did not wear required safety
glasses and safety shoes.

o Some cables for portable tools are not shielded appropriately, and
their plugs are not electrically grounded. Many extension cords are
improperly wired to a socket. Some are made of improper gauge wire.
Portable gas cylinders which were not tied down or otherwise secured
have been found.

o Electrical safety in construction areas is particularly lax.

o Contractor personnel are provided with industrial safety information
through initial training. This training, however, does not include
information on the expected responses of workers to alarm signals,
escape routes and containment access requirements.

o There are no requirements for checking the oxygen content in
confined areas such as tanks, underground channels, and condensers
before personnel entry, although fatal accidents have occurred in
plants because of lack of oxygen in confined areas.
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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 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 should also be available in 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 fire in any
area including radiologically controlled areas. Automatic water sprinkler
systems, and carbon dioxide or other fire suppression systems, must be
available and checked at fixed intervals to ensure readiness when needed.

Results

All plants visited have a fire protection programme in place. Some are
of high quality. A good practice observed at one plant is the assignment of
professional fire fighters from the local fire brigade to working shifts
during outages. Such assignments normally support both fire prevention and
radiological protection. Excellent support is provided to the shift crews
while first-hand experience is gained with plant layout, systems and
equipment. This greatly enhances the potential effectiveness of fire fighters
if a fire occurs.

However, weaknesses were observed in fire protection programmes at a
number of plants. The following findings are typical:

o One plant did not exercise the necessary control over fire hazards.
Several large barrels of lubrication oil were found stored adjacent
to safety-related service water pumps. The situation was made worse
by the fact that all three trains of service pumps were located next
to each other, with no fire barriers between them. There were
neither fire detectors, nor fire protection systems, nearby.
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o Outside the normal working hours, the operating shifts usually have
the responsibility to respond to fires until the external fire
brigades take over. Shift workers often lack adequate fire-fighting
capability in terras of protective clothing, suitable equipment,
sufficient personnel and appropriate training.

o Fire protection capability is not installed inside the "hot"
chemical laboratory where many flammable liquids are handled. There
is no fire extinguisher inside the laboratory.

o The status and functioning of some fire detection and protection
systems are not well known by operations personnel. For example,
the fire detector in the charcoal filters of the ventilation system
at one plant were found inoperable. The shift crew was not aware of
this.

o At one plant fifteen open barrels of oil were located in a room
without automatic fire suppression systems. In addition, there was
no automatic fire suppression system in the emergency
diesel-generator rooms.

o Planking (made of combustible materials) is stored in controlled
areas for re-use, but is not treated with fire retardant. All wood
entering controlled areas should be specifically treated with fire
retardant materials.

o Local fire departments do not take part in fire fighting drills.
Such drills would ensure that their equipment was compatible with
existing equipment and procedures, and familiarize them with plant
staff and plant layout.

o At one plant, fire doors designed to contain a fire to a small area
were frequently found open.

1.6 PLANT SECURITY

Objectives

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

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 which were observed cover all aspects of
control of access, material transfer, communications with local and national
authorities, etc. OSARTs respected the confidentiality of detailed procedures
and training information, and did not examine them in detail unless asked to
do so by plant management.

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 details of procedures for
use in activities such as operations, maintenance, testing and plant
modification. 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 and legible, and
available at appropriate locations throughout the plant. Permanent records
should be properly stored and readily retrievable.

Results

Significant variations were found in plant document control systems.
Some plants have very well organized and thorough systems, with sufficient
staff assigned to perform a good job, of ensuring documents are well
organized, distributed, and maintained up to date. Some other plant control
systems were found to be inadequate to maintain documents properly.

The following findings are representative of those at plants where
weaknesses were found:

o Plant procedures are not written, approved, or distributed in a
uniform manner. Approval of plant operations procedures is not
always in accordance with policy. Responsibility for the plant
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procedure control programme is not assigned to an individual
manager. Individuals in different sections of the organization are
assigned responsibility for procedure control within their section,
but no one manages the total programme.

o Document control does not provide an adequate number of controlled
copies of the operating procedures to the plant operations
department. Copies are sent to the shift supervisor and one is
assigned to the control room operators. Non-control room (field)
operators, some assigned to areas such as the switchyard and the
turbine building, are not provided with controlled copies of
appropriate operating procedures.

o Control over plant drawings, flowsheets and technical information
needs to be strengthened. Many drawings were found to be outdated.
Uncontrolled drawings have been found on walls, behind pipes and
inside electrical cabinets. Many drawings contained markings and
data entered by hand, which suggests that maintenance and operations
activities are being performed using uncontrolled drawings.

o In practice, the document hierarchy is not used as intended. Many
documents that are procedural in nature address policy matters, and
vice versa.

o Many superseded procedures were found to exist.

o Permanent plant records are not adequately filed in a retrievable
manner, and are not properly protected from destruction by fire.

30



2 TRAINING AND QUALIFICATION

Adequate training of all plant personnel is essential for safe
operation. The degree and extent of training required for a particular
individual will vary, depending on his previous qualification and
experience, and the duties and responsibilities assigned to him. It is the
responsibility of the operating organization to ensure that all plant
personnel receive appropriate training and that relevant regulatory criteria
are met.

The following topics of training and qualification are discussed in
this report :

o Training organization
o Training facilities, equipment and material
o Training programmes development
o Training of different personnel groups.

2.1 TRAINING ORGANIZATION

Objectives

A single individual should have the responsibility for effective
training of plant personnel. This individual should have available to him
adequate resources such as facilities, equipment and materials needed in
various training programmes. He should receive adequate support from
experts who are knowledgeable in both adult education and the technical
disciplines trained.

The instructors should be sufficiently qualified to be acceptable to
all trainees — even to the most experienced shift supervisors.

The existence of a separate training group should not relieve the
line management of the plant from their responsibility to assure that their
staff are adequately qualified; each supervisor should recognize 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.
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Results

A training group responsible for the coordination and control of
personnel training programmes was noted in all but one of the plants
reviewed. In this exceptional case the administration of training is
distributed among several units, and this has resulted in a lack of unified
training and qualification plans.

The size and structure of the training group varies from plant to
plant. In several plants the group was found to be too small to fulfill its
tasks properly. However, no representative figure for the minimum required
number of training personnel can be given, because it depends on plant
specific conditions, such as the availability of external support and of
relevant training equipment and material.

At one plant efforts to ensure that training staff are themselves
adequately qualified have been given much attention. This was noted as a
good practice. The training group maintain their technical skills by
participating in shift duties, plant modification activities, and annual
simulator training. They are also given specific training to develop their
instructional skills.

The following weaknesses were noted in the qualifications of
instructors:

o At some plants no provision is made for instructors to maintain
familiarity with actual plant activities, job requirements,
current practices, system changes and operating experience.

o At several plants the instructors receive no training in either
adult education or general teaching skills.

2.2 TRAINING MATERIAL AND FACILITIES

Objectives

As far as possible, training material and facilities should represent
actual plant conditions. Possible differences should be identified and
highlighted during training sessions.
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The training group (or a separate training school where applicable)
should have a system to ensure that it receives in a timely manner
information on all plant modifications or changes in plant documentation
which are relevant to training. Training material should be updated to
reflect such modifications and changes.

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 helping
trainees to learn from their mistakes without fear of the consequences of
error. They should also be used to "stage" the development of serious
events which are not easily anticipated by plant operators. The fidelity of
the functions simulated should be assured by applying basic QA principles in
simulator design, installation, commissioning and maintenance.

The maintenance personnel should have access to mockups and models as
needed for training in maintenance activities which have to be carried out
in high radiation fields, or which carry a high risk of disturbing plant
operation.

Training material such as simplified system descriptions and flow
diagrams (process and instrument diagrams) should be provided to ease
comprehension of the plant and systems functions. The effectiveness of
classroom instruction should be enhanced by 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. Reference material in the training facilities should be
kept up to date.

Results

The quality of training material and facilities was generally found
to be good. All but one of the plants reviewed have access to simulators,
though not always in the same country. The quality of simulators and the
number of different types of events which can be simulated are being
continually increased. Mockups and training laboratories or workshops are
used in many plants for hands-on training of maintenance personnel.
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The following good training aids were specifically noted :

o Three types of simulators with complementary instructional
functions — full-scope simulators replicating control rooms,
compact simulators emphasizing plant concepts rather than actual
control room features, and part-task simulators designed to
improve the operators' skills in handling selected systems (e.g.
turbine control).

o Transparent models of key plant systems to allow observation of
thermodynamic behaviour and basic responses during plant startup
and shutdown, and accident scenarios where no valid simulator code
is available.

o Computer-aided instruction on plant design and operating features,
with terminals installed near the control room for use by
operators during self-teaching periods.

Some deficiencies in the training equipment and materials were noted
at a few plants:

o At one plant the acceptance testing of the simulator was
incomplete because personnel had faced competing demands on their
time, although the simulator was installed a few years before the
review. The actual state of simulation models was not well
documented because they had not been systematically updated. As a
result, full use could not be made of the simulator for personnel
training, and there is a potential for giving incorrect lessons.

o At one plant the operators are given retraining on the simulator
only every second year: the usual frequency at other plants is
once every year.

o A few plants lack specific training material or visual aids to
improve the effectiveness of classroom training and self-study,
and training is based mainly on detailed plant documentation.
Identifying the key issues from such a large quantity of reference
materials may be too demanding upon trainees.
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o At one plant much of the training material is available in a
foreign language only, which most trainees have difficulties in
understanding.

o At one plant documents copied for training purposes have not been
labelled to distinguish them from controlled plant documents.

2.3 TRAINING PROGRAMME DEVELOPMENT

Objectives

A performance and task-based training programme should be defined and
implemented for each personnel group, to accomplish the following:

o Identifying tasks for each personnel group;
o Defining learning objectives and the knowledge and skills required

to perform tasks adequately,*
o Defining the basic educational and experience requirements, and

selecting the trainees;
o Planning and scheduling training;
o Providing current training material and equipment,'
o Conducting classroom, simulator, and on-the-job (OJT) training;
o Verifying the learning results;
o Assessing and improving the programmes.

There should be a separate programme for initial training and
retraining for each personnel group. Training programmes should be
well-documented, with defined learning objectives and an overall outline for
each programme, lesson and exercise plans, on-the-job training plans,
guidelines for the instructors, and methods for evaluating the results.

Individual training records should be kept, containing details of
training courses, on-the-job training, seminars, in-shift training,
simulator training, drills, and exercises that have been attended, as well
as results of examinations.

Results

OSARTs have found training programmes of varying quality. However,
personnel qualifications are currently fairly good, even in plants where
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training programmes are less advanced and systematic than the best. This is
due to the fact that in most plants reviewed the turnover of personnel has
been very low, and most staff have been working in the plant since the early
stage of construction. It is also quite common that staff members in key
positions have previously worked for the plant supplier organization and
thus gained a thorough knowledge of the plant before entering the operating
organization. Similarly, the operators have often participated in plant
commissioning, and the maintenance staff have been involved in the
installation of the systems.

Even though their personnel are currently well qualified, some plant
managements have systematically developed comprehensive training programmes
to meet the potentially increasing need to train additional or replacement
staff. The best programmes are based on learning objectives derived from a
job and task analysis, and they are improved continuously — for instance,
by soliciting feedback from trainees. The best programmes also take into
account operating experience not only from the plant itself but from other
industries, and they include training in response to severe accident
conditions.

Some other plants train their personnel more on an ad hoc basis, with
no written training programme, or with programmes for selected key duties
only. The following specific shortcomings have been noted.*

o Many programmes are not supported by detailed lesson plans setting
out learning objectives or written procedures on how to conduct
training, to assure consistent quality of training courses.

o Some plants do not use feedback from trainees to improve their
programmes.

o In some plants neither guidelines and qualification check sheets
are used to ensure the uniformity of on-the-job training.

o Some training programmes omit certain topics, such as QA
principles, plant administrative procedures, response to accidents
progressing beyond design basis, stress-training, team-training
and operating experience.
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o Retraining programmes are relatively weak in some plants, and some
have no requalification scheme. At one plant no systematic
retraining is given except for control room operators.

o At some plants several scheduled training events have been
cancelled or delayed, or have been attended only by some staff,
due to competing work activities. This indicates the low priority
given to training at these plants.

A few plants had good training records. At others, there is no
centralized system for maintaining such records, or the records are
incomplete and not up to date. One plant does not record training or
retraining given in-plant at all. In that case, most systematic training is
given at a separate training centre.

2.4 TRAINING OF DIFFERENT PERSONNEL GROUPS

Objectives

The programmes for training, qualification, and retraining of
personnel should enable them to attain and maintain competence to perform
their respective duties and responsibilities in a safe and efficient manner.

The general employee training programme should ensure that plant
personnel and contractors have a basic understanding of employee
responsibilities and of safe work practices, and the knowledge and practical
abilities necessary to implement radiological protection practices
associated with their work.

The job-specific training and qualification programme for each
personnel group should develop and improve the knowledge and skills
necessary to perform assigned functions under all conditions. The training
programme for supervisors and managers should be designed to develop their
supervisory and management skills as well.

OSART reviews have focused on personnel groups defined as follows :

o Control Room Operators and Shift Supervisors, who are responsible
for manipulating or directing those who manipulate the controls in
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the control room or elsewhere in the plant in accordance with
relevant operating instructions and procedures.

o Field Operators, who are operating equipment outside the control
room in accordance with relevant instructions and procedures, as
ordered by Control Room Operators or Shift Supervisor.

o Maintenance Personnel, who are responsible for carrying out
preventive and predictive maintenance, repair and modifications of
the plant. They include work planning, mechanical, electrical, and
instrumentation and control personnel.

o Radiation Protection Personnel, who are responsible for monitoring
personnel for radiation exposure, area radiation monitoring and
surveys, radioactive waste management and discharges, providing
equipment for use when responding to emergency, and carrying out
environmental surveys.

o Chemistry Personnel, who perform chemical surveillance of relevant
plant parameters and operate chemistry-related equipment.

o Technical Support Personnel, who provide the engineering services
required to achieve safe plant operation, such as monitoring plant
performance, monitoring plant conditions to ensure that operations
are within technical specifications, evaluating and reporting on
events, safety analysis of plant modifications, quality assurance,
and the development of procedures.

o Superintendents and Managers: personnel who fill such positions
as plant and deputy plant superintendents, and the heads of
operations and support units (maintenance, radiation protection,
technical support, quality assurance, etc.).

o General employees: all other persons regularly employed in the
nuclear power plant, except for administrative staff. Also
included in this category are transient workers such as contractor
personnel who undertake work during outages, and special projects.
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Results

Control Room Operators and Shift Supervisors

Training of control room operators, particularly their initial
training, was found in all plants to be well defined and satisfactorily
implemented, with some exceptions in the areas of on-the-job (OJT) training
and some topics which were not adequately covered. Training generally
comprises several phases in the classroom, OJT, and using simulators.

In most countries, there are regulatory requirements or guidelines
for the licensing or authorization of operators.

OSARTs have noted the following weaknesses in training programmes for
control room personnel:

o OJT should be improved at many plants, where a trainee is simply
assigned to an experienced staff member but there is no training
guide and no checksheet is used to ensure that all essential
topics are covered during the training period. As a result, it is
not clear whether the tasks to be trained should be performed,
simulated (i.e. walk-through), or simply observed or discussed.

o Only a few plants train shift supervisors or other control room
staff in supervisory positions in supervisory, leadership,
communication and administrative skills.

o Instruction in stress management and in behavioural sciences for
supervisory control room personnel is neglected at most plants.
Such training is important for staff in positions of authority who
may have to make decisions under high stress, and to monitor the
behaviour of subordinates.

o Periodic drills on abnormal or emergency plant conditions that
cannot be adequately covered by simulator training (for example,
shutdown outside the main control room) is conducted at only a few
plants.
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o At some plants, retraining has not been recognized as an important
part of operations activities; and in-plant retraining is
performed on a voluntary basis as time becomes available, without
advance planning, consideration in the annual work schedule, and
controlled implementation.

o At some plants, simulator training is not planned or conducted in
a systematic and structured manner. Operations management are not
involved in defining annual training needs, nor do the simulator
exercises reflect operating experience. Some simulator training
programmes lack formal lessons with pre-exercise classroom
briefings and post-exercise critiques. At one plant, simulator
exercises were selected separately for each shift by the shift
supervisor, and the exercises were neither properly prepared nor
evaluated and documented.

o Operators at many plants are not systematically informed about
in-house and industry-wide operating experience, and are not
instructed in a timely manner with respect to plant modifications
and changes in procedure.

o A few plants are lax with respect to their requirements for
requalification or retraining of licensed operators after extended
absence from control room work.

o At a few plants, shift operating personnel, who perform their own
radiation protection coverage during the back shifts, are not
given adequate training in health physics work: taking
measurements, analyzing samples, performing decontamination, or
calculating doses.

o Some key topics are omitted from operator training programmes at a
few plants. In one case, the initial courses cover neither plant
materials nor chemistry. In other cases, there is no periodic
review of administrative procedures, technical specifications,
operating procedures (with the exception of procedures used on the
simulator), or reactor fundamentals.
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o In one case, it was noted that plant management audit the quality
of neither the training provided at a separate training center,
nor the way in which training material is updated.

o In one case, operating shift personnel were recruited one year
before core load, which did not allow adequate time to complete
their training before they took part in the commissioning test
programme. International experience has shown that it generally
takes three to five years to train an individual who has limited
previous experience to be a qualified operator.

Field Operators

Training of field operators, in general, is not as systematic and
structured as training of control room operators. Initital training
consists of theoretical operations fundamentals, and on-the-job training.
In a few countries, initial recruitment of control room operators is at the
field operator level before progressively being promoted to control room
operator and, in a few cases, to shift supervisor.

The following deficiencies were noted in field operator training:

o Most plants lack OJT guides and checksheets to allow uniform and
systematic OJT of field operators by shift foremen. The knowledge
and practical skills the individual should have to qualify for
independent work and whether the demonstration should be actual
performance, simulation or discussion are therefore not specified.

o Several plants do not require formal retraining for field
operators, to maintain and improve their technical skills and to
instruct them in plant modifications, procedural changes, and
operating experience.

o In one case, the field operators are retrained together with
control room operators. However, their job responsibilities and
knowledge requirements are different, and at least a part of the
retraining should be conducted separately at a level appropriate
for their positions.
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Maintenance Personnel

Maintenance personnel generally attend basic and specialized courses
appropriate to their work responsibilities. A number of these specialized
courses are given by the supplier of the nuclear steam supply system (NSSS)
and turbine-generator vendors. On-the-job training at other operating
nuclear power plants, and participation in construction and in
pre-operational and startup testing in the plant, have been the more common
ways of getting practical training. Training in industrial safety (e.g.
electrical hazards) is an important element of maintenance training.

Retraining of maintenance personnel is often done either by sending
them on specialized courses (e.g. lubrication, process control) given by
outside institutes, or by inviting experts to conduct special courses (e.g.
valve actuators, pressure transmitter calibration).

A good practice observed in some countries is the use of high quality
mockups (for example, of control rods and drives, reactor pressure vessel,
steam generator head) for training maintenance personnel in tasks performed
in high radiation environments.

The following issues have been noted in the maintenance personnel
training programmes :

o Many plants lack OJT guides and qualification checksheets to
systematize and ensure uniformity of practical training. One
plant has such guidance for training mechanical technicians but
not electrical and I & C technicians.

o At some plants, formal plant systems training is not given to
maintenance personnel. Such training would develop the knowledge
necessary to understand the systems and components and to apply
that information on the job.

o Formal in-plant retraining is not given to maintenance personnel
at some plants. At some others, retraining addresses only
technical work skills, not operating experience or plant
modifications which may be relevant for performing maintenance
tasks.
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Radiation Protection Personnel

In several countries key radiation protection personnel have to be
certified by competent authorities. Radiation protection officers take
specialized courses given, for example, by institutes and research centers,
for which they have to pass examinations.

At all operating plants training in radiation protection matters was
found adequate; but some plants lack formal plant-specific systems training
discussing the purpose of major components, major flow paths, interactions
and importance of plant systems and transport of radioactivity in water,
steam and in the air.

At plants in the final stage of construction a number of detailed
recommendations had to be given on how to improve the training programme on
real radiation protection issues.

Chemistry Personnel

Chemistry personnel were generally found to be adequately trained for
their normal tasks. At some plants, these personnel had not been given
special training on accident chemistry considerations. They should be able
to demonstrate knowledge of post-accident sampling and analysis techniques,
such as identification of associated radiation hazards, sampling methods,
sample preparation, methods of analysis and storage of samples.

Technical Support Personnel

The technical support groups at all plants reviewed were found to be
highly experienced in engineering. Many of those involved in reactor
performance activities have advanced degrees in related fields and have
taken specialized courses given by reactor vendors. It is also common to
find personnel with previous operations experience in this group.

Superintendents and Managers

Personnel in this management group were found to be
well-experienced. Many have been involved in nuclear power plant projects
since the early phases of design and construction. It is not unusual to
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find managers with previous conventional power plant experience. They have
generally undertaken several specialized courses in nuclear power and have
observed nuclear power plant operations practices in other countries.

In several cases, it was recommended that in view of the
responsibilities of senior plant management as emergency directors, training
on accident recognition and mitigation, including appropriate simulator
training, should be provided.

In the light of the Chernobyl accident experience, it has since been
recommended that the training be extended to include assessment and
mitigation of severe accidents.

Some operations management were noted to hold qualifications not
equivalent to a shift supervisor. They were recommended to participate in
on-going requalification programmes, because their responsibilities during
normal operations and emergencies necessitate this level of qualification.

General Employees

The scope and depth of general employee training (GET) was found to
vary from plant to plant. The most comprehensive GET covered the following
subjects :

o General plant description and organization
o Radiation protection
o Industrial safety, including work protection, fire protection,

work in confined spaces
o First aid, including cardiopulmonary resuscitation
o Physical security (e.g. site access procedures)
o Emergency planning and preparedness
o Quality assurance (QA).

The lack of QA training as part of GET is a common observation. In
these cases OSARTs have recommended training to explain basic QA principles,
relationships between QA and quality control (QC), objectives of the QA
programme and how it is to be implemented, and the role of the individual
and different plant groups in the QA programme.
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Some observations of work activities during the OSART missions have
indicated either insufficient personnel understanding or lack of
appreciation of radiation protection industrial safety rules.
Recommendations were given on review of basic principles and re-emphasis
during retraining of the following items:

o Plant policies and procedures on industrial safety and radiation
protection;

o Possible adverse consequences on the worker and his co-workers for
non-observance of established rules and procedures;

o Plant enforcement policies regarding violation of safety rules and
practices.

Suggestions have also been given to the development of training films
to give visual presentation of the key elements of the GET. Such films not
only enhance the effectiveness of instruction but reduce demands for
lecturers, particularly during outage periods when many contractor personnel
have to be trained.
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3. OPERATIONS

A well organized, competent operations department is a key element in
ensuring safety in a nuclear power plant. Operations staff have final control
over the operation of all equipment related to reactor safety and over all
major radiation sources in the plant, the objective being to prevent or
minimise unplanned radioactive discharges to the environment. 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, constructed, and operated, 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 conduct and control of all
operational activities.

The need to strive for excellence rather than placidly to meet minimum
requirements for safety should be evident to all organizations operating
nuclear power plants. It is thus essential that:

o an efficient organizational structure be developed, with clear lines
of authority and responsibility defined for each person and function;

o operations personnel be well instructed in both technical and
administrative matters, and demonstrate high professionalism and a
good attitude towards their objectives;

o comprehensive procedures and documentation be developed to guide the
conduct of operations;

o information systems and administrative controls over the status of
plant equipment are adequate;

o operating staff have suitable and reliable equipment and facilities,
to enable them to execute their responsibilities properly; and that

o interfaces with supporting groups be clearly defined and understood.

This report discusses the following Operations sub-areas:

o Operating organization and administration
o Operating procedures and documentation
o Plant status information and administrative control systems
o Operations equipment and facilities.
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3.1 OPERATING ORGANIZATION AND ADMINISTRATION

Objectives

The organization and administration of the operating group should
ensure that the plant is safely and effectively operated under normal
conditions, anticipated transients and during emergencies.

The responsibilities and authorities of each member of the operating
group should be clearly defined. It is of the utmost importance that the
responsibilities and authority of the senior person on shift (shift
supervisor) is clearly laid down both for normal and emergency operation of
the plant.

Each position in the organization must be staffed with suitably
authorized and qualified individuals. The process of selection of personnel
should be well structured. As well, an organized training programme in both
technical and administrative and managerial skills should be implemented and
upgraded continuously. The operations personnel (operators, supervisors and
upper managers) should conduct their duties in a business-like and
professional manner. The proper attitude of individuals towards their work
should be fostered by the upper management through personal observation of
operator activities.

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 (for licensed operators and other staff) should
be clearly defined to ensure reliable accomplishment of assigned tasks. The
number of staff should be adequate to ensure that safety is not jeopardised if
an operator becomes disabled in an accident as a result of stress or injury.
Job rotation within the shift group may help to meet this objective. The
potential risk from a single error of judgement by the shift supervisor should
be minimized. This is an important point, as it is increasingly recognized
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that the shift supervisor may be called upon to make prompt decisions under
high stress when faced with complex or conflicting information if an accident
occurs. Consideration should be given to the designation of an individual who
can carry out an independent review (using special diagnostic procedures) and
therefore provide advice or guidance to the shift supervisor. The logic is
that it may be valuable to have the detached and dispassionate view of an
individual who may be able to correct a mistaken "mindset" on the part of the
shift crew responding to an accident.

The general philosophy to be adopted for the human safety function must
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.

Regular appraisals of the performance of operating staff should be used
effectively to enhance individual performance and to prevent complacency.

Results

OSARTs have found that the structure of operating organizations varies
from plant to plant. Nevertheless, a documented organizational structure with
clearly defined functional responsibilities was found at most plants. The
operations department in most plants comprises both shift and day staff. In
general, the day staff provides a service to the shift group and also gives
functional advice and guidance as appropriate. The support from the day staff
was not always found to be satisfactory. In particular, sufficient attention
and resources are not directed towards ensuring that procedures, documents
drawings, etc. are up to date and readily available. There is also evidence
that the general administrative burden of the shift crew could be reduced.

The shift structure was found to be composed of five to seven rotating
shifts all of whom normally report to a single individual for co-ordination
purposes. Each shift team is managed by a person generally referred to as the
shift supervisor. The shift supervisor is not necessarily "licensed" as such
by the regulatory body. At all but one plant examined, the shift supervisors
are required to be "authorized" to operate all controls under their
jurisdiction.
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Although most plants were found to be staffed with six shifts of
operators, some plants are moving towards increasing the number of shifts,
with one plant proposing as many as eight shifts to accommodate attrition,
increased operator training, and administrative activities.

While in many plants both the operators and shift supervisors rotate on
the same schedule to preserve the "team concept", some plants are examining
new ways of increasing the exchange of operating experience between shifts.
At one plant, the shift supervisors are rotated on a slightly offset schedule
from the other operators so that one out of four days, for example, would be
spent with a different crew. Another novel approach is to off-set the shift
supervisor's working hours by 1 hour in advance of the rest of the shift
crew. This approach has the effect of preserving the shift team concept over
7/8ths of the working time, but the overlap allows for smoother and more
effective shift turnovers, since the on-coming shift supervisor has the
previous operators available to answer any outstanding questions during the
turnover process.

Some plants reviewed do not employ enough authorized or licensed staff
on shift to match what is elsewhere adopted as a standard practice. Although
it is difficult to be precise regarding numbers of qualified staff especially
on multi-unit stations, OSARTs have recommended that more members of the shift
team should be suitably qualified to provide the necessary human redundancy
with respect to safety-related functions.

OSARTs have found that lines of authority for normal steady-state
operation are well defined and understood at most plants. However, it has
also been found that lines of authority for use in emergency are not always so
clearly defined. Most plants assumed that, since their personnel work well
together during steady state conditions and have few differences in opinion, a
similar working atmosphere would prevail under accident conditions. They do
not recognise that differences of opinion are more likely to arise during
unforeseen plant conditions. Thus, the question who has final authority to
override the decisions of others becomes extremely important in an emergency
situation. In general, the approach taken by an OSART is to recommend that
the nature of the authority of upper management during emergencies be more
carefully examined and defined.
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Some plants have designated an individual on shift who is capable of
reviewing the shift supervisor's judgements and decisions from a reasonably
diverse perspective and is capable of providing advice as appropriate. This
person is normally given diverse training (e.g. an engineering degree and
special courses in accident management) and diverse tools to work with (e.g.
diagnostic safety panel displays and special diagnostic procedures). He is
commonly referred to as the shift technical advisor or safety engineer. In an
accident, he checks the appropriateness of the recovery actions taken by the
operator, using diverse methods to monitor the "state" or symptoms of the
reactor. The operators follow the course of the accident using, generally,
event-based procedures.

At a few plants, it was found that the management does not give
adequate attention to performance of individuals, or does not maintain a good
level of discipline.

3.2 OPERATING PROCEDURES AND DOCUMENTATION

Objectives

Procedures and documents are the operators' main tools as they
interface with the machine. Written procedures should be followed to cover
all important tasks that affect safe and reliable operation. It is also
important that sufficient emphasis be placed on verifying the fidelity of
these tools.

Sufficient attention and resources must be allocated to ensure that
current and consistent official operating documents and drawings are always
available to plant operators. Nevertheless, each operator who is responsible
for the safe operation of equipment should have a questioning attitude about
the accuracy of the procedures.

Regular reviews of procedures, operating manuals, drawings and other
appropriate documentation should be conducted to ensure they are up to date,
and regular inspections should be carried out in the plant to ensure that any
information displayed is current.
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Results

All plants visited have procedures for normal and emergency operation.
OSARTs have found that there have been significant developments in recent
years with respect to the upgrading of emergency operating procedures, to make
them easier to use and more reliable. Most notable among these human factor
improvements has been the development of symptom-based diagnostic procedures
and improvements in the procedure format. At one plant, extensive human
factor engineering of the procedures has resulted in a design which includes
symptom-based logic diagrams for identifying the event, color-coded pages and
text, and an interesting "break-apart" design whereby the field operator's
activities are contained on separate pages from the reactor operator's.

OSART reviews found a steady trend towards the implementation of
symptom-based procedures, but in some plants the procedures for emergency
operation are still completely event-based. It has been recommended in such
cases that consideration should be given to producing comprehensive symptom
based emergency operating procedures. These procedures will provide the
necessary guidance concerning operator actions for those accidents considered
beyond the "design basis".

OSARTs have found that the development of alarm response procedures is
proceeding slowly in many plants. Although all plants have these procedures,
relatively few plants have taken steps to put them in an easy to use format.

More recently, some plants have begun to computerize both the alarms
and their associated procedures into a video display in the control room. The
video display has the advantage of being able to assign priorities to alarms
according to their importance or time of receipt. Additionally, some designs
provide for alarm screening, or allow the operator to quickly select the alarm
on the video screen and then call up the appropriate alarm response procedure,
alarm setpoints, and a list of probable causes. The video system greatly
facilitates the operator's ability to distinguish abnormal alarms from those
which would normally be expected during major plant transients. However, a
concern was raised in some plants that video operator aids are not given the
same level of attention as plant safety-related instrumentation. A number of
displays were found in the control rooms which displayed erroneous or
misleading information to the operator. In these cases, the plant staff
argued that the video equipment is only for informational purposes and has no
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direct control over safety equipment, and therefore did not need to be
maintained as high quality safety-related equipment. OSARTs advised against
such a narrow approach, which ignores the operators' role in safety, and
recommended that much stronger controls be placed on all information sources
which may directly influence an operator's safety-related decision making.

There were also a number of findings in the OSART reviews related to
weaknesses in document control for operating procedures, and information.
At some plants operating procedures are inadequate and incomplete. Revisions
to existing operating procedures are not always effectively communicated to
shift supervisors and operators. The use of uncontrolled or outdated
procedures was observed at several plants. The following findings are
representative of the weaknesses discovered:

o The OSART found outdated emergency operating procedures in the
control rooms of two different power plants.

o At another plant, only two controlled copies of the procedures were
available for the operations department. One was given to the shift
supervisor, and the other was assigned to the control room.
However, no controlled copies were provided for the field operators.

o Some plants do not have effective "read and sign-off" procedures.

o At yet another plant, operators were observed to use their own
personal copies of drawings to align systems and make tagouts, even
though more recent drawings were available in the control room for
their use.

o A procedure revision index was missing in another plant control
room. The index is necessary to enable operators to verify easily
whether their procedures are in fact up to date. This plant instead
relied solely upon the document control staff to ensure that the
proper procedures were in the operators' hands. Although many
plants utilize such a document control staff, most realize its
weaknesses and thus place the main responsibility for verifying the
proper procedure on the prime user, the operator. The operators are
required to check their copy's revision date against the revision
index before using it.
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o Another plant was found to lack control over operating information
and instructions in the field. Local control panels had outdated
procedures, instructions, reference data and outdated drawings fixed
to them. Also, some drawings in the control room rear panels
contained hand-drawn revisions, even though more recent revisions
were available in file cabinets. This situation illustrates the
weakness in allowing uncontrolled drawings to be affixed to
operating panels. With the documents fixed to the panel near the
work, it is less likely that operators will make the effort to
obtain the proper procedure from the file, which may be in another
area. OSART consistently recommend that uncontrolled drawings,
procedures and operator's information be removed from the work
place. If the information is deemed necessary for operations, then
its accuracy should be controlled.

These examples indicate that stronger document controls are generally
needed to ensure that the operator is provided with the proper information to
perform his function, particularly with respect to the control over
information, procedures, and drawings in the field.

3.3 PLANT STATUS INFORMATION AND ADMINISTRATIVE CONTROL SYSTEMS

Objectives

Operations personnel should be cognizant of and have control over the
status of plant systems and equipment during all modes of operation to ensure
continued safety. The number of plant activities which may affect safety are
large and there are complex interrelationships involved in safety decisions.
Therefore, nuclear power plant management should take measures to prevent
safety responsibility from becoming fragmented or diffused.

The status, authority and knowledge of the shift supervisor should be
such that he can properly integrate all safety considerations in order to
assure the highest level of overall plant safety at all times. Extensive
administrative controls are needed to ensure that the shift supervisor is
informed of plant activities affecting the status of systems and components
important to safety, and that all such activities are routed via him or his
delegate for final approval. The ways in which the shift supervisor can
ensure he is cognizant of plant activities might include being involved with
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assessing priority of repair work, or routinely witnessing surveillance tests
on safety related equipment. The office of the shift supervisor should be
positioned adjacent to the main control room.

Likewise, it is important to keep the operator informed of plant
status. Many processes relate to this need such as: operator surveillances,
checklists, and logkeeping; shift turnover processes; shift briefings among
the operating crew; operator training in plant modifications; and work
authorization and tagging systems.

Procedures addressing work authorization should be available. They
should indicate who is responsible for initiating, allocating priority,
progressing and final testing before return to service of the component. The
procedure should ensure that operations personnel maintain strict control of
plant and equipment status.

Shift turnover practices should be clearly defined, and procedures
adhered to. The procedures addressing this issue should make reference to
such items as review of control panels, assessment of important parameters,
discussion of continuing and planned activities such as power changes and
surveillance testing, and a review of all administrative logs and records
related to equipment and plant status.

Defective or out of tolerance instrumentation and controls must be
reported and properly labelled, and corrective measures taken in a timely
manner.

Close control should be exercised over plant modifications (both
temporary and permanent). All plants should have a clearly defined policy and
strict adherence to this policy should be observed. Independent review and
assessment must be incorporated in this policy.

The practice of regular plant walk-through by shift supervisors and
authorized/qualified staff should not be underestimated. Senior shift staff
sometimes get so immersed in plant operation and administration that there is
little time left for "look, see, listen".
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Plants should have procedures and arrangements for the control of such
items as :

o Plant keys
o Abnormal valve line-ups and systems realignment
o Locking of valves in systems
o Control room access so that the operator ability to handle the

controls and deal with the alarms is not infringed.

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. However, deviations from the principles of these
objectives were noted at some plants.

o At one plant, it was found that operators initiate a work request
when trouble is observed, but the tracking number is assigned later
by another department. Thus, the operators have no way to monitor
the resolution of troubles with the plant.

o In another case, the OSART found that operators initiate trouble
reports in a timely manner and specify the required time for action
to be taken on them. The trouble reports are then sent to another
group in the plant who can change the operator's priority. However,
the feedback mechanism is not well developed. Many trouble reports
were found to require "immediate action", but were several months or
years old.

o Several cases were observed where the work authorization process
does not sufficiently control worker safety.

o Another case was observed in which electrical wire disconnections
(lifted leads) and electrical bypasses (jumpers) could be made
without the shift supervisor's knowledge and authorization. At one
plant, the OSART found several electrical modifications had been
made to the emergency diesel generator control panels which could
not be explained by the electrical staff.
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o Deficiencies were also observed in the equipment isolation systems
(out-of-service tagging) at several plants. There is clearly a need
for a centralized tracking system and tagging system to establish
control of the status of plant systems and components.

o Several cases were found where abnormal valve line-up as well as
system realignment after surveillance test were not adequately
controlled.

o Some plants do not have shift briefing meetings to review and
co-ordinate activities. OSARTs have encouraged the practice of
having a shift briefing meeting soon after taking over shift. Such
meetings give an opportunity for efficient communication among
operators on the overall direction of activities and any special
requirements. They could include a general review of control boards
and a discussion on active alarms.

o Some plants appeared to have little control over the number of
personnel congregating in the main control room at any time.

o Adherence to plant procedures and administrative controls was found
to be lacking at a number of plants visited. This was due in part
to the fact that there was a lack of confidence relating to whether
the procedures were up to date.

o The number of "jumpers" in place at some plants was judged to be
excessive. Insufficient resources were directed to solving the
problem. There were also indications at these plants that the policy
for authorization of attachment of jumpers and the carrying out of
temporary modifications was not satisfactory.

o Shift turnover practices at some plants do not ensure a consistent,
comprehensive, and accurate transfer of information about the plant
status between shift personnel. During one turnover, the off-going
shift supervisor left the site before the on-coming supervisor had
read the log book or reviewed the control panel status.
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3.4 OPERATIONS EQUIPMENT AND FACILITIES

Objectives

The facilities and equipment used by the operating staff should be
adequate to support safe and reliable operation.

The use of modern aids such as computers should be investigated to see
if it would assist operators in decision making, and thereby enhance safety
margins.

The potential habitability of the main control room following an
accident needs careful consideration. Attention should be given to the
installation of monitoring instruments for detection of airborne activity
(and, in the case of gas-cooled reactors, gas). The ventilation system should
ideally be designed to prevent the entry of airborne activity and to clean-up
the atmosphere should airborne activity exist. The supply of bottled air
provides only a short term solution.

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 labelled and identified. Particular attention should be paid to
labelling of system valves and electrical supplies.

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

Results

Innovations in tools designed to assist in plant operation, developed
over the past few years, have not yet been applied at most of the plants
visited. However, good practices were noted at some plants. Some of these
are:
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o Boards for the display of data concerning the status of important
systems such as safety injection. The design is such that it
ensures easy verification of flow paths during abnormal conditions.
The valves in these systems are locked open with the lock keys
positioned on the display board. Removal of a key illuminates a
light on the board. The action of removing such keys requires the
approval of the shift supervisor.

o One plant visited was seen to be making much use of computer
techniques to aid operators. A computer was used for work
authorization and tag outs. For frequently used tag-outs, a
reference line-up is available in the computer and can be checked
before use. Operating personnel at this plant also have access to an
"event computer". The computer memory contains information
concerning main incidents, events and generic modifications for PWRs.

Some of the more significant deviations from established principles
were noted as follows :

o At one plant, many improvements in control panels were found to have
been made to take account of human factors; but the habitability of
the control room itself during an accident involving toxic fumes or
airborne radioactive materials has not been sufficiently
considered. The ventilation system is not designed to cope with a
release of radioactive gas or toxic fumes. Some portable bottled
air supplies are available outside the control room for the
operators, but no means are provided to recharge the bottles with
pure air after their contents have become exhausted. Although there
are air compressors at the plant, the staff had not considered the
vulnerability of the compressor intake air to radioactive
contamination.

o A similar situation was found in another plant located on a major
shipping route and adjacent to a chemical refinery. The possibility
that smoke and toxic fumes might enter the control room is further
increased by the use of wood panelling for decor. No fire
suppression system or special ventilation system was included in the
original control room design. A bottled air supply is available
outside the control room, and on another floor. However, control of
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access to the bottled air supplies was weak, and the OSART found
that the bottled air supplies lacked the necessary hoses and
mouthpieces.

Cleanliness and housekeeping were found to be unsatisfactory at some
plants. Examples of these poor conditions included material (bolts,
insulation, etc.) left over from previous maintenance work, oil residue on
equipment base plates, and foreign material on cable trays.
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4. MAINTENANCE

An effective and high quality maintenance programme is required for the
safe, reliable, and economic operation of a nuclear power plant. Such a
programme should cover servicing, overhaul, repair, and replacement of systems
and equipment, and the use of technical diagnostics (testing, calibration,
inspection) to measure equipment degradation. The maintenance staff also has
the responsibility for the completion of modifications in most plants.

The following maintenance sub-areas are discussed in this report:

o Maintenance organization and administration;
o Maintenance personnel and their qualifications;
o Maintenance programme, work control system and maintenance history;
o Maintenance procedure;
o Preventive maintenance;
o Corrective maintenance;
o In-service inspection;
o Outage management;
o Maintenance facilities and equipment; and
o Stores.

4.1 MAINTENANCE ORGANIZATION AND ADMINISTRATION

Objectives

Plant management is responsible for maintaining the material condition
of the plant. A special maintenance organization should be established at the
plant site to facilitate this task.

The organizational structure of the maintenance personnel, as well as
the responsibilities of the different units and persons in maintenance, should
be described in writing and be understood by appropriate personnel.

Results

At most of the plants reviewed, the responsibility for establishing and
implementing the maintenance programme and for managing maintenance activities
is delegated to a head of the maintenance department. This head (maintenance
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superintendent) 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

Maintenance activities are normally planned and scheduled by a separate
unit, often called a planning group.

At some plants the maintenance organization deviates from the above in
the following ways:

o Individual maintenance units report directly to the head of the
plant.

o Only two main units exist, mechanical and electrical (with I&C a
part of the electrical unit).

o Some maintenance responsibilities are delegated to other departments.

o Some maintenance responsibilities are assigned to outside groups
within the utility, or to outside organizations.

These special features of the maintenance organization may sometimes
have adverse effects:

o Maintenance units do not work together in close cooperation,
resulting in delays and excessive equipment outages.

o Maintenance activities are not performed in a uniform manner.

o The interface between plant maintenance and the operating staff is
too complicated. This can result in misunderstanding and loss of
plant status.
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Because most maintenance activities for a system or a component often
require several professions to work together (e.g. mechanical, electrical,
I&C), it is necessary to assure good co-ordination to avoid frequent or
prolonged equipment unavailability. Thus the preferred alternative is a
uniform maintenance oganization in which a single head of maintenance,
reporting directly to the head of the plant, has clear responsibility for the
whole area.

4.2 MAINTENANCE PERSONNEL AND THEIR QUALIFICATIONS

Objectives

The successful performance of maintenance requires a highly trained and
qualified permanent staff, although some maintenance activities during outages
can be completed by external contractors. The number of maintenance staff
required should be based on the maintenance performed during the operation of
the plant, on the outage work to be performed by the plant's staff, and on
supervision of the contractor's work during the outage.

The staff must be highly skilled, knowledgeable, and experienced. A
high degree of professionalism, pride in workmanship, and a continuing
qualification programme is necessary for effective and efficient maintenance
work. A small turnover of maintenance personnel contributes to a reliable
organization. When external contractors are used, they must work to the same
administrative controls and standards as plant staff.

Results

At most plants it was observed that the minimum number of staff is
established by the number of contractor personnel that must be instructed and
monitored during outages.

The qualifications of maintenance personnel were found adequate at most
plants reviewed. However, the following shortcomings were noted:

o At some plants there are no programmes to provide continuing
training in technical skills for maintenance personnel, nor are
their skills checked periodically.
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o In some cases maintenance personnel do not receive the structured,
plant-specific systems training which is important for a good
understanding of their work.

o In some countries it was found that there were difficulties in
assuring a sufficient quantity and quality of maintenance personnel.

o On-the-job training is sometimes lacking structure.' for example,
specific tasks to be performed and required standards of performance
are not identified.

4.3 MAINTENANCE PROGRAMME, WORK CONTROL SYSTEM AND MAINTENANCE HISTORY

Objectives

The maintenance programme should cover all preventive and corrective
maintenance, both administrative and technical. Such a programme is essential
for reliable maintenance of all components and systems needed to ensure the
high safety level of a nuclear power plant.

The maintenance strategy should address preventive maintenance,
recurrent testing including in-service inspections, modification of plant
components, and corrective maintenance. The maintenance programme should
include monitoring of safety-related systems and components at the level
required to assure their intended function throughout the plant life.

A work control systems 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 activity.

o Designation of safety related as opposed to non-safety-related work.

o Identification of special requirements (e.g. radiation protection,
fire protection).
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o Quality requirements.

o Authorization of the work activity.

o Man-hours expended.

o Reviews of activity required upon completion; and

o Post-maintenance testing requirements, including appropriate
acceptance criteria.

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

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

Results

Formal planning and scheduling programmes exist for both normal
operation and outage work activities at all plants reviewed. The programmes
were usually found to include all elements necessary to plan, control,
perform, and evaluate activities related to preventive (including predictive)
and corrective maintenance. Although most plants have a computer-aided work
control system, the degree to which computers are used as a work aid varies
considerably.

At most plants OSARTs noted a transition to a condition-based
maintenance programme with condition monitoring and use of new methods for
technical diagnostics: predictive maintenance activities were increasing.
This new strategy usually requires an advanced maintenance organization with
computer-aided maintenance work planning, execution and documentation.
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The following shortcomings were noted :

o The administrative procedures manual establishes general
organization and responsibilities for plant maintenance, but in some
areas there are no written instructions to define specific
responsibilities and how work is to be done.

o A number of plants do not make work plans for unscheduled outages,
thereby missing a target of opportunity — a period during which
needed work might be done.

At most plants there is a well-documented work control system. It
includes use of daily, weekly, and monthly meetings of involved professions
(e.g. operations, maintenance, health physics, etc.), and daily, weekly and
monthly detailed schedules. A good relationship and exchange of information
between the maintenance and operations sections was found in plants with
successful performance record.

The following weaknesses were observed in some work control systems:

o Ho method is used to identify mechanical systems as safe to work on
(e.g. valves that have been positioned in the plant to isolate a
component for maintenance are not tagged or otherwise marked to
prevent their use during the maintenance activity).

o In one plant the responsibility for isolating equipment to enable
work to be carried out safely was assigned to maintenance. As a
result, the operations staff lost control of plant status.

o The work control system sometimes does not clearly distinguish
between safety-related and non-safety-related equipment to be worked
on.

o In some cases, there is no formal quality control inspection of
maintenance work in progress by a person who has no direct
involvement in the work

At all nuclear power plants reviewed, a maintenance history system was
found to exist. Either manual or computerized recording systems contain
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equipment maintenance work records, checks performed, drawings, parts used,
inspection results, and other pertinent historical data. Maintenance history
documentation was also found to be invaluable in some plants for tracing the
history of activities on a component in the course of evaluating performance
trends, determining set point drift, vibration history, etc. At some plants
detailed maintenance and equipment modification reports are written after each
plant refueling outage to document work performed for the equipment history.
At many plants annual reports are written as a summary of the work done in the
previous year.

At one plant, however, a uniform procedure to document maintenance
history for the plant is not used. Equipment history was found to be
maintained by system engineers; the record was of variable quality and of
little use for analysis in detecting trends in generic problems.

4.4. MAINTENANCE PROCEDURES

Objectives

A key element for the consistent performance of maintenance in a safe
and efficient manner is the proper use of written procedures. A balanced
combination of written guidance, craftsman skills, and work site supervision
help achieve high quality workmanship, which is essential to safe and reliable
plant operation.

Results

At many plants, procedures were of excellent quality and were used
during performance of maintenance. However, a number of weaknesses were
observed.'

o In one case information available to assist in the performance of
corrective maintenance consisted of manufacturers' bulletins,
specification sheets, drawings reduced in size to a point at which
they were difficult to read, and meager information on valve
assembly and disassembly.

o Maintenance procedures for safety-related equipment at some plants
do not provide for inspection or verification steps for critical
measurements or key steps.
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o At one plant important vendor information is in a foreign language
and has not yet been incorporated in plant maintenance procedures.

o In another case, procedures for isolation and restoration of
equipment are developed and maintained by two different departments,
operations and maintenance. This duplication introduces the risk of
conflict and error.

o One plant does not number individual pages or carry the procedure
number on each page. This introduces the potential for significant
error should a page be lost during reproduction or field activities.
In addition, there is no provision to enter the date on the data
sheets.

4.5 PREVENTIVE MAINTENANCE

Objectives

Preventive maintenance should entail planned routine testing,
inspections, 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.

Results

All plants reviewed schedule planned preventive maintenance. Usually
about 50% of all maintenance activities are preventive maintenance, involving
most of the equipment and systems important to safe and reliable plant
operation. The majority of preventive maintenance activities were found to be
performed during the refuelling outage. At most plants, maintenance work
orders are used for preventive maintenance activities. The planning and
scheduling of activities is commonly computer—aided. The level of computer
usage and the application of new methods of technical diagnostics varies
considerably.

At nuclear power plants with excellent operation and maintenance
records, predictive maintenance activities are conducted to evaluate equipment
operation so that the beginning of degradation can be identified and repairs
or replacements made before failure occurs. Such equipment monitoring takes
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many forms, to ensure that all is known about equipment important to plant
operation and safety. Examples of predictive maintenance activities being
conducted include vibration monitoring of rotating machinery, lubricating oil
analysis for detecting bearing wear products, eddy-current testing to
determine material integrity, ultrasonic inspections to look for cracks and
flaws in pressurized systems and thermography for identifiying poor electrical
connections.

Findings reported in the area of preventive maintenance are as follows:

o Preventive maintenance programmes vary in scope. At some plants the
programmes include all components; at other plants, only safety
related components are included in the programmes.

o At one plant there was no common and unified preventive maintenance
programme. System engineers are responsible for such activities
with respect to their own systems, and the scope of preventive
maintenance therefore varies significantly.

o Several plants do not analyse trends in inspection and test results,
nor is the programme reviewed to adjust the periodicity of various
activities.

o At one plant, the periodic calibration of some instruments was found
to be missing from the preventive maintenance programme.

4.6 CORRECTIVE MAINTENANCE

Objectives

A methodology should be established to provide for timely repair of
failed components. It should include formal failure notification, the
assignment of priorities to repairs, scheduling in compliance with Technical
Specification requirements, work planning and issuance of work orders, QA/QC
requirements for repair, and necessary investigations, reporting and
maintenance history records.
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Results

Corrective maintenance practices were found satisfactory at most plants
reviewed. Maintenance personnel are available in back-shift hours. There are
sufficient manufacturer contacts and spare parts. Consideration is given to
nuclear safety, industrial safety, fire protection and radiation protection.

In plants with excellent operating records, corrective maintenance was
found to be the smallest part of the maintenance activities on the plant
(about 10 to 20%).

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.

The following concerns have been noted in the corrective maintenance
area:

o At one plant unsafe work practices were observed, indicating poor
discussion of the job and associated hazards prior to commencement
of work.

o At one plant procedures for use in corrective maintenance are kept
by the technical department and are not readily available to the
maintenance staff.

o Manufacturers' information on components is sometimes less than
adequate.

4.7 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.
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Results

At most of the plants reviewed the in-service inspection programme in
place follows the ASME Code, section XI. The programmes list the components
and system parts to be examined and identify the examination methods, the
acceptance criteria and the inspection frequencies. Written procedures are
provided for in-service inspections. The programmes and procedures are
assessed and approved by the nuclear safety authorities.

The responsibility for in-service inspections, in most plants, is
assigned either to the technical department or to the maintenance department.
In many plants the inspections are carried out by outside firms. The
preparation and execution, however, are covered by the maintenance work
control system. In all plants reviewed the in-service inspection documents
were found to be in good condition.

4.8 OUTAGE MANAGEMENT

Objectives

Most maintenance work is done during the 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.

Results

At most plants reviewed outage planning is undertaken by a separate
planning group. At some plants, a number of highly qualified engineers and
craftsmen are identified to be in charge of managing maintenance activities
during outages to ensure that maintenance is carried out efficiently and in
compliance with the quality requirements.

OSARTs have reported many good practices:

o The outage planning group is established for the next outage
immediately after completion of the last outage.
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o The outage group leader is a shift-supervisor who is pulled
off-shift for the entire operating cycle preceeding the outage
period.

o A computer-assisted bar chart scheduling system was found in one
plant to be effective. It is updated every three days.

o Standard work plans are used for each maintenance activity. These
plans identify the isolation boundaries, the necessary safety
measures and the time periods available to prepare the system for
work, to accomplish the work, and to return the system to service.

o Detailed photographs of equipment layouts in rooms that are
inaccessible during operation have been established. This system is
of great help during outage planning.

o Detailed maintenance and equipment modification reports are written
after each refuelling outage to document work performance for the
equipment history.

4.9 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 controlled areas requires special facilities to keep the
radiation exposure of individuals as low as reasonably achievable and to
prevent the spread of contamination. These include workshops, specific
maintenance facilities for particular components, and equipment for removing
radioactive contamination from components and maintenance equipment.

Results

Most of the nuclear power plants reviewed have adequate workshops
outside the controlled area. The working facilities were found to be clean
and in good working order. Also, the machines are well kept and the craftsmen
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are careful and skillfull in their work although sometimes neglectful in
wearing eye protection. The capacity of workshops and maintenance equipment
is most frequently stressed during outages. Decontamination facilities are
available at all plants reviewed and are in an adequate condition.

The following concerns with respect to maintenance facilities and
equipment have been noted:

o The capacity of workshops in the controlled area of some plants was
found to be too small.

o Space for special maintenance work inside the shops is not always
adequate. For example one plant does not have a test facility for
safety valves.

o At a few plants, the cleanliness of facilities and equipment was
found to be poor.

o Stainless steel and the carbon steel were found mixed together in
welding areas designated as separate areas.

o Workers were observed not wearing standard industrial safety
protective equipment.

o Environmentally controlled areas are not provided for use of primary
standards for shop calibration of equipment.

4.10 STORES

Objectives

Controls are required for procuring, receiving, 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 materials in the correct
condition are available for achieving the objectives of the maintenance
programme.
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Results

At most plants reviewed the materials and the spare parts for
mechanical and electrical maintenance are stored in a central warehouse. The
spare parts for I&C maintenance are stored both in a central warehouse and in
special spaces near the workshops. Storage and administration is carried out
in close cooperation with the responsible technical and quality control
groups. This ensures an equally high standard of quality for the required
corresponding documentation. At nearly all plants the stores and the stored
spare parts are in excellent condition.

For the warehouse administration a computer programme is normally used
with component-related information on spare part inventory and location. In
the exemplary plants the information on stored parts and materials is
integrated into the maintenance computerized system so that planners can
rapidly identify and reserve spare parts.

Quality control of material is typically limited to the category of
materials procured as class 1, 2 or 3.

Stainless and carbon steel materials and certifiable materials are
stored separately in locked areas.

The following shortcomings were observed in storing the materials and
spare parts:

o At some plants a physical separation between safety related and
other materials does not exist. At one plant there are no special
controls such as quality inspection, documentation and traceability
for safety-related equipment.

o In one case, damaged spare parts were stored with the intact spare
parts.

o In a few plants a preventive maintenance and shelf-life programme
for spare parts and material has not been implemented.

o I&C spare parts are stored without climate controls 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 or
maintenance 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 Computer capabilities.
o Operating experience feedback.
o Plant modifications.

5.1 SURVEILLANCE TEST PROGRAMME

Objectives

The main objective of the surveillance test programme is to verify
that the plant systems and components relevant to safety are continuously
ready to operate and are able to perform their safety functions as
designed. Another important objective is to detect degradation of
components and to make maintenance repairs before the components become
inoperable. The test results also provide statistical data for refining the
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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
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 monitoring routine should ensure timely testing
of each system and component.

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 controlled to avoid
severe loads on the equipment.

Deficiencies found during the tests should be systematically
corrected and analysed, in order to restore the operable status without a
delay and to decrease the probability of recurrence.

Results should be evaluated and trended to detect any changes from
the previous tests and from the reference values measured during equipment
commissioning.
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Records file should facilitate retrieval of test results from the
time period which is relevant to follow the performance of individual
components or component types.

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

Results

The basic elements of an adequate surveillance test programme were
found in place at all plants reviewed. However, improvements are needed in
each of the programmes. An overall impression is that the importance of the
surveillance testing programme to safe and reliable plant operation is not
fully appreciated in some plants.

All plants visited by OSARTs have a surveillance programme
established to demonstrate that the safety-related systems and equipment
stay within the operational limits and conditions, specified in the operating
license. A few plants have gone further and are meeting the other
surveillance objectives: to reveal symptoms of equipment degradation and to
look after the sufficient equipment reliability. Such a broadly based
surveillance programme is found at the plants with the best performance
records.

The Technical Specifications document usually annexed to the
operating licence is the most common basis for defining the scope of the
surveillance programme and test frequencies. Technical Specifications in
most countries were found to be fairly consistent. At a few plants more
thorough or more frequent testing of certain components was recommended. At
some plants it was found that hardware modifications are necessary to
perform some recommended tests.

The modern approach of basing test frequencies on reliability
analyses was not observed in any of the plants reviewed.

The surveillance programme is often split into several parts, each
having different scheduling and execution practices. In addition, tests not
required by regulations are usually done outside the main surveillance
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programme using less rigorous controls. Recommendations have been made in
such cases that all important tests should be included in a single
integrated programme, no matter whether they are required by the regulations
or not. This ensures uniformity of test procedures, results evaluation,
corrective actions and feedback of operating experience.

Administrative procedures for a uniform surveillance programme are
lacking at many of the plants reviewed. Coordination of surveillance
testing also needs improvement. An overall coordinator for the entire
programme is not common and the responsibility for tests is often shared by
several organizational units.

Test procedures were found to be generally adequate for test
performance, but acceptance criteria are often ambiguous or missing from the
procedures. Development of balanced acceptance criteria for all tests has
not been accomplished in most plants reviewed.

Periodic review and updating of test procedures is not a common
practice: instead, revisions are made as needed. Unauthorized,
hand-corrected procedures were seen in use in some instances.

Test scheduling and schedule monitoring practices in use were found
to provide sufficient assurance of timely testing. Only a few missed tests
or excessive deviations from the schedule were observed. Most plants
schedule tests to be performed on a specific day. At a few plants the
schedule gives only a list of tests for each week, which is sometimes not
accurate enough. A typical tolerance for the acceptable deviation from a
given test time is 25% of the interval between two tests.

A formal test authorization and a test approval system including sign
off by the shift supervisor is used at most plants. However, a few plants
were reviewed where test execution was found to be too informal.

The tests are usually performed in a professional manner. As
exceptions to generally good results, the following examples of less
professional testing have been noted at a few plants:

o A rapid load increase of a diesel generator, causing a severe
transient to the diesel engine, was caused and went unnoticed
during one test witnessed by an OSART.
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o The system realignments were not properly verified after tests.

o Tests were performed on important safety-related equipment without
inspection, assistance or supervision of senior shift personnel.

Most operating organizations take immediate actions to correct the
deficiencies found in tests. However, one exception was observed where
delays in making corrections exceeded Technical Specifications requirements.

Test results are independently reviewed at many plants. At some
others, the final approval before filing can be made by test personnel,
which may not always be adequate to reveal potential sources of concern.
Comprehensive trend analyses of the test results have been noted only at one
plant. In other cases, a common approach is to trend only selected
components which have previously caused some problems. A recommendation at
most plants has been to establish systematic graphical trending of all
relevant test data.

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. In some plants
the records are retained for 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. The record files of ambitious surveillance
programmes observed are valuable sources of reference information. Records
from more limited programmes are of minimal value in any case.

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.
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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
by calculations which complement and validate the measured data. 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. Interactions between the operators and the
reactor engineering staff 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.

Results

The overall impression of reactor engineering is very positive at all
plants reviewed. Resources are adequate. The reactor engineering
organizations observed are highly professional and competent.

Reactor engineering personnel actively participate in international
scientific co-operation. Striving for excellence in fuel and core
performance is evident.

The experience from reactor operation is good and no plant reviewed
has had specific problems because of leaking fuel. Some of the plants
reviewed have operated for years without fuel leaks.

Core refuelling calculations were found to be made by either the fuel
vendor, utility headquarters staff, or a separate scientific institute. For
some plants, independent verification of the calculations is carried out. A
more common approach to verification of the calculations is to rely on
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validated core design codes, and to make an engineering assessment only of
the results. The core characteristics are checked by means of measurements
after refuelling at all plants. Information flow between the organizations
involved in fuel management is generally smooth and systematically organized.

Core monitoring is satisfactory at all plants reviewed. At a few
plants, graphical trending of key parameters to detect possible anomalies
more easily is not a standard practice.

Reactor operating procedures and operator training were found to be
adequate to support safe operation. Close co-operation between operators
and reactor engineers is common.

Records on fuel history and inventory are carefully prepared and
maintained. At some plants, improved fire protection of the records was
proposed.

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.

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. Training
of personnel and use of fuel handling procedures provide this assurance.

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.
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Results

Careful fuel handling has been noted at all plants visited by OSART
missions. The facilities, tools and procedures are of high quality, and the
fuel is handled in a professional manner.

Timely actions are needed to avoid running out of spent fuel storage
capacity at a few plants.

The cleanliness of the fuel storage pool at one plant was found to be
inadequate.

A policy of reloading identified leaking fuel bundles was noted in
one country. This policy is motivated by the high economic value of
half-spent fuel, and by their experience which has shown that small fuel
leaks do not grow during the next cycle.

5.4 COMPUTER CAPABILITIES

Objectives

Computers can contribute to safe and reliable nuclear power plant
operation. One important application is the process computer which assists
operators in the monitoring and control of the power plant. Computers are
also useful in maintenance management and planning, bookkeeping, data filing
and trending, and in advanced on-line diagnostics of equipment conditions.
Strict control of computer hardware and software is necessary to ensure that
information used for plant controls and for other decision is accurate.

Results

The degree of computerization varies significantly from plant to
plant. A common observation is that each plant is in the process of
increasing and sophisticating its computer applications.

A process computer is installed at all plants. It is used to collect
and process the data received from fixed instrumentation and to present it
in a useful form to the operators. The computer also gives alarm messages
to complement the conventional alarms. At some plants the computer actuates
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interlocks to prevent unsafe operations, and assists the operators in
complicated tasks such as control rod movements. No important control
functions have been assigned to the computer at any of the plants visited,
and no plans to move towards increased computer control have been reported.

The capabilities of the process computers vary, depending especially
on the age of the plant. Some plants have already replaced the original
process computer or acquired a new parallel computer system. The most
advanced computers can store a large number of plant parameters measured
periodically during a floating time-span of fixed length. The recorded data
can be presented in alternative graphic formats or printed automatically at
signals indicating off-normal conditions.

At most plants computer programmes are being developed to display
important safety parameters to the operators in a perceptible manner,
especially in off-normal conditions.

Computers not directly coupled with the process are used for a
variety of tasks. Many plants use computers for:

o Scheduling of maintenance work and outages.
o Monitoring the status of maintenance work.
o Managing the store of spare parts and raw materials.
o Tracking and trending the reactor core parameters, chemical

parameters, radiation levels, instrument calibration,
o Keeping account of fissionable materials.
o Controlling personnel access to the plant and its different zones,
o Tracking of plant modifications,
o Keeping account of work specific, individual and collective

radiation doses,
o Recording of component reliability data and significant event data.

As special applications, the OSARTs have found computerized drawing
of component isolation schemes for maintenance work orders, based on
standard schemes stored in the memory. Special applications also include an
on-line vibration alarm system, based on continuous measurements of major
rotating components, and frequent automatic spectrum analysis of the
vibration pattern.
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5.5 OPERATING EXPERIENCE FEEDBACK

Objectives

The plant organization should have sufficient resources for
evaluation and feedback of operating experience. This activity should
preferably be coordinated 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. Action plans to prevent
recurrence should be developed and implemented, and event reports should be
written to transmit lessons learned to the plant staff and other nuclear
utilities.

Information on operating events at other nuclear power plants or
similar industrial facilities should be collected in an organized manner and
screened for applicability. Applicable external reports should be given to
responsible experts for detailed review and consideration of actions to be
taken. Plant personnel should be directly informed on relevant events at
other plants.

Results

A general observation at all plants reviewed has been that the
process for operating experience evaluation and feedback still needs much
development. The reportable incidents are generally given adequate
attention although systematic analysis of the safety issues and coordinated
follow-up of corrective actions are often missing. Other events such as
deviations detected by the surveillance activity are at most plants
processed without formal consideration of the feedback aspects. As a result
some lessons to be learned from operating experience are lost and potential
safety issues are not always identified. Industry-wide experience is not
efficiently used to enhance the level of safety at most plants.
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At only one plant the OSART has determined that the whole process of
evaluation and feedback of operating experience was well-established. In
that case, the events and the progress of corrective actions are reviewed at
daily morning meetings of the key operating, maintenance and technical
support staff, and in meetings of the plant operating review committee and
the plant safety committee. Human failures have been given special
attention and have usually led to corrective actions. Equipment failure
data are collected in a systematic manner and the reliability data base is
updated accordingly. Close interaction with plants of similar design and
with other relevant organizations has been established.

A good practice to provide feedback from in-house experience has been
noted in another plant: safety engineers working on shift have a
responsibility to evaluate significant events and other operational
experience and to make proposals to improve the safety of operations. Their
written proposals are discussed at weekly meetings of the plant management.
The plant manager responds to each proposal in writing.

All plants have criteria for significant events to be reported to the
national regulatory authorities. No major disparity between the reporting
criteria of different countries has been observed. A typical number of
events reported annually is about ten per unit. The event reports are
usually written by the plant operating staff or, in the case of equipment
degradation found during maintenance, the maintenance staff. Sometimes, the
reports are supplemented by technical experts after further investigation.

The quality of event reports varies among the plants, and sometimes
reports of uneven quality are found at the same plant. Some reports are far
from satisfactory. Good instructions on standard contents of a report were
not found at any plant.

The process of investigation of in-house events needs improvement in
most plants. In some plants no systematic approach has been defined beyond
that of writing the event report. This results in the following
shortcomings :

o Root causes of the events are not properly determined, and
corrective actions to prevent recurrence are not taken.
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o There is no methodical follow-up to ensure that the suggestions
made in the original event reports are evaluated and implemented.

o Issues are not often closed in timely manner.

At several plants qualified manpower is available and efficient
feedback on selected events is provided, but overall co-ordination and
formal instructions for evaluation are missing. Communications between
experts from separate disciplines take place on an ad hoc basis and the
search for root causes of events relies heavily upon competence of
individuals. At such plants concerns are raised that all relevant issues
may not be properly addressed.

All plants visited by the OSART learn about 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 coordination body.

At most plants the information received from external sources is
widely distributed but no organized efforts are made to evaluate the
implications or consider the need for corrective actions. A satisfactory
programme was found only in countries where a strong national organization
processes the industry-wide information and makes fairly detailed
recommendations to individual plants. Efficient use of the external
information could also be organized on a plant scale but it would require
the right attitude and a well coordinated, disciplined review of the reports
received to ensure depth on one hand and to avoid multiple work on the other.

5.6 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.

Modification proposals should be reviewed at specified levels of the
organization, with input from appropriate plant personnel and external
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experts. The review should address the relevance of 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 coordinated.

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

Installation and testing of 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 completed and approved.
o Documents used for system operation affected by the modifications

updated and approved,
o Plant personnel trained on the modification.

Results

All of the plants visited have a procedure which defines how
modifications are to be carried out.

The number and nature of modifications made at different plants
varies significantly. One extreme is a plant where the policy of the
operating organization is to strive for continuous improvement in the
design. At that plant, already of mature design, hardware modifications are
made in accordance with new research results and not just as a feedback of
operating experience. Another plant with a similar policy encourages
improvement proposals by giving rewards for good ideas to personnel. At the
other extreme, modifications in some plants observed are primarily remedial,
following equipment failures and malfunctions.
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Modification proposais generally receive an appropriate and
consistent review by qualified persons before they are approved for detailed
design and implementation. At one plant ALARA considerations are not
included in the review.

Some plants make necessary and well-founded modifications smoothly
and have also separate procedures for urgent implementation. At others the
modification process has been found to be too slow and complicated.

This is indicated for instance by recurrence of significant events before
implementation of proper corrective actions. At one plant an event recurred
almost three years after the first one although modification had been
proposed in a timely manner. Slow modification is a problem especially when
several plants are to be kept similar. At the other extreme, a case has
been seen where modifications at a two unit plant have not been coordinated
and the originally identical designs have become different from each other.
It is thus important to strive for an optimum between time constraint and
coordination among similar plants.

The implementation phase of modifications is satisfactory at most
plants. In one plant, involvement of the operations personnel was found to
be minimal. Modifications are controlled by the system engineers in the
technical section. In another plant, tests which are necessary to verify
proper completion of modifications are not included or considered in the
design package.

Updating of documentation takes place with too much delay at several
plants. Operating procedures and system flow diagrams (process and
instrument diagrams) used in the control room may be out of date weeks after
the modified system has been placed in service. No formal routine exists in
some plants to make a temporary revision by marking up and signing revised
parts that can later be revised permanently.
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6. RADIATION PROTECTION

Radiation protection (RP) activities aim to support and control safe
and efficient operation by ensuring that the radiation exposure of plant
personnel and general public is as low as reasonably achievable (the
ALARA principle). During normal plant operation, there are three main
aspects to RP work: Controlling the radiation exposure of personnel, and
controlling the radiological impact of releases of radioactive effluents,
and of the handling and storage of radioactive solid wastes. Radiation
protection activities also form part of work in emergency planning and
preparedness.

Radiation protection activities are regulated, to a great extent and
often in a very detailed way, by national authorities. There is a
worldwide international consensus on the requirements. OSART reviews at
13 operating nuclear power plants have on the one hand tried to check the
extent to which radiation protection activities comply with those
generally agreed requirements, and on the other hand to point out not
only weaknesses but good practices.

The following radiation protection sub-areas 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 radiation protection organization should be adequate to permit
implementation of a well-structured radiation protection programme. The
programme should reflect national regulations related to radiation
protection and good practices adopted in other countries. Plant policies
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should be spelled out in documents such as manuals on health physics and
QA, radiation protection procedures and organizational notes. The ALARA
principle should be observed in all activities related to plant operation.

The radiation protection staff should have an organizational position
which gives direct access to upper management. Staff numbers and the
qualifications of personnel, and training and re-training programmes,
should be adequate to ensure that assigned tasks can be accomplished.
Radiation protection personnel should have sufficient authority in
controlling work activities to protect workers.

Results

Radiation protection programmes in the plants reviewed were generally
found to be satisfactory. As far as the general policy is concerned, a
wide international consensus has been found.

The following weaknesses were noted in the radiation protection
programmes of different plants:

o At one plant it was found that personnel working in the controlled
area are paid a radiation allowance, depending on radiation dose
received. Such bonuses are not in accordance with the ALARA
principle.

o At another plant the RP procedures were not considered to be
controlled documents, which differs from common practice.

o At one plant the ALARA principle is not adequately addressed in
personnel training programmes and in planning and performing tasks
which involve radiation.

o At one plant the health physics manual is too voluminous and detailed
to function as an effective aid in daily work; and the RP leaflet
used for general employee training is not simple enough to facilitate
comprehension by unskilled labour or other laymen.

o At one plant the quality programme in the RP area is covered only in
general terms in the QA manual.
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o At one plant general employees do not receive adequate retraining in
RP.

The organizational positions and the authority of RP staff were found
appropriate in most plants reviewed, and RP departments were found to
have a sufficient number of well-qualified personnel. However, the
following isolated concerns were noted:

o Direct reporting from the RP department to the plant upper management
is not specified in one plant (the RP group is part of the operations
department). This is contrary to the common practice, which aims to
assure the necessary authority of RP technicians.

o Some plants have not made arrangements to ensure on-call availability
of RP personnel. A common practice is, however, to have RP personnel
on-call, sometimes even on-shift (particularly during refueling
outages). This allows a quick and competent response to any abnormal
event.

o A few plants lack sufficient contacts with international
associations. Enhanced contacts were suggested especially in view of
the forthcoming implementation of the latest ICRP recommendations.

6.2 EXTERNAL RADIATION EXPOSURE

Objectives

The responsibility for controlling personnel external radiation
exposure should be assigned to a dedicated RP department or group in
order to ensure that both individual and collective doses are ALARA and
within the legal limits. In addition, every worker should feel
individually responsible for keeping his own exposure low in accordance
with the RP programmes. In that respect, the recent development of
devices such as direct reading radiation monitors is a good way to
strengthen this individual responsibility.

As regards external radiation exposure, the RP programme should
include at least the following:
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o Classification of areas and personnel.
o Radiation control procedures.
o Radiological work permit procedure.
o Programme for budgeting and limitation of exposure.

The classification of areas and personnel aims at identifying the
different radiological risk categories in order to associate the right
control procedures, and adequate protective equipment, with them. The
boundaries of classified areas should be clearly identified and posted.
Accurate and timely radiation level information should be available for
each area.

Radiation control procedures should limit the spreading of
contamination, assure the validity of area classification, and prevent
unnecessary exposure of personnel to transient high levels of radiation
or local radiation sources.

The radiological work permit (RWP) procedure should allow particular
jobs performed within the controlled area to be dealt with individually,
so that protection and control measures can be accurately fitted to the
risk.

There are a number of ways of reducing dose commitments. The first
is to limit the radiation sources. As far as external radiation exposure
is concerned, the main source is formed by corrosion products. Research
programmes on corrosion product behaviour and water chemistry are
generally not sponsored by one utility alone, particularly if the utility
operates only one plant. This is why OSARTs have not reviewed such
programmes in detail.

The second way of limiting radiation exposure is to implement a
feedback process to identify existing weaknesses which might be
overcome. In this connection, trend analysis is a good way to keep
radiation exposures as low as possible.

The third consists in using mock-up facilities in order to train and
re-train personnel, especially for high-dose rate working conditions
(e.g. in heavy component maintenance).
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Results

Basic criteria for the classification of areas and personnel as far
as radiological risk is concerned are generally defined by national
regulations. The regulations found in different countries are in
accordance with the international recommendations. Due to this wide
consensus, the classification principles are quite uniform in different
plants. However, some weaknesses were noted, as follows:

o In one plant toilets and drinking fountains were found inside the
controlled area. This is not in accordance with the common
international practice, which recognizes the risk that such a
practice could lead to body contamination.

o One plant has not specified limits for fixed surface contamination
on equipment, materials, tools, etc.

o At one plant hot spots identified in regular measurements are not
fenced and labelled to warn the personnel against unnecessary
exposure.

o At one plant the controlled area is not subdivided according to
various radiation protection requirements, and stringent
requirements are unnecessarily applied even to locations where
little or no specific precautions are needed.

Radiation control procedures were found to be very similar at most
plants reviewed, because of their reliance on standards which have been
adopted worldwide. Nevertheless, some weaknesses were found:

o At a few plants there is a need to improve contamination control
for personnel and goods leaving controlled areas.

o Some plants lack extremity dosimetry, especially for radiological
work in high range beta radiation fields; in two cases, the OSART
found that there were neither beta exposure control procedures nor
the associated equipment.
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o At one plant, contaminated items were observed to be stored
temporarily inside a "hot" shower room intended for the
decontamination of contaminated persons.

o At some plants, entrance to the controlled area is not well
organized, creating a risk of spreading contamination to
non-controlled areas. For example, the boundary between the two
areas is not well defined, street clothes are either allowed under
protective clothes or stored in the locker used also for
protective clothes, and monitoring at the exit for contamination
is not enforced.

The validity of controlled area classification is normally based on
regular checks of ambient or particular radiation conditions, which
depend on operating conditions. At some plants reviewed the frequency of
such controls is too high, and could be optimized to decrease the dose
commitment of radiation protection personnel themselves.

A satisfactory radiological work permit procedure was found at most
plants reviewed. In only one case, it was noted that exposure estimates
are not made when preparing a radiological work permit. A commendable
good practice adopted in several plants is the following: Each work
permit in the controlled area requires an additional RWP. The RWP form
initially contains job description, manpower requirement with the names
of workers, location of the working place, radiological data (room
classification, dose rates close to the major components), and the
estimated duration of the work. As a second step, a RP technician adds
to the form radiation protection equipment requirements (protective
clothing, radiation monitors, dosimeters). The last step is verification
of the the work permit at the controlled area entrance; RP technicians
carry out any additional radiation controls deemed necessary. This
relatively cumbersome procedure is made smooth by efficient use of
computers.

Further improvements could still be envisaged: for example, coupling
RWP and personnel dosimetry systems. Such a coupling would provide more
accurate data on radiation work for use as operational feedback, and
facilitate better management of personnel dosimetry in order to decrease
the probability of over-exposures.
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With respect to programmes for budgeting and limitation of exposure,
the overall situation at the plants reviewed is quite satisfactory.
Suggestions were made in two cases concerning limitation of the number of
unnecessary people in controlled areas.

A good practice which could be generally recommended was observed at
two plants: a procedure for collecting and analyzing data on
work-specific doses. It is based on the use of electronic directly
readable radiation monitors together with an automatic reading device
linked to a computer. The system records the doses received by
individuals undertaking specific work. Provided data concerning such
work are put into the computer, this procedure can serve as a powerful
tool for use in implementing an radiological operational feedback
programme and personnel dosimetry surveillance programme. The main
weakness of such a system might be the fact that preselected work codes
have to be entered by the workers themselves. If the input is not
correct, the subsequent analysis is not accurate. This problem could
eventually be overcome by coupling this system with the RWP procedure
described earlier.

6.3 INTERNAL RADIATION EXPOSURE

Objectives

Internal radiation exposure should be kept low by reducing surface
and airborne contamination as far as possible. A high degree of
cleanliness inside the plant curtails external radiation exposure and
airborne radioactive releases as well. To minimize the risks of internal
contamination and effluent releases, it is also important to maintain a
good confinement inside the controlled areas so as to prevent any
transfer of radioactive material from a higher radiation level area to a
lower one.

Otherwise internal radiation exposure risk should be coped with by
using proper surveillance programme with adequate instrumentation,
procedures and if necessary protective clothing or decontamination
equipment. A strict individual control should be performed to detect any
abnormal nuclide intake.
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Results

As in most of the other sub-areas, because of the state of the art is
uniform worldwide, activities in this area were found to be performed in
a highly professional way, although a few weaknesses were noted at some
plants.

A high degree of cleanliness was found at most plants reviewed, but
there are also a couple of plants where more emphasis on this matter has
been recommended.

A good practice noted in one plant is an extensive continuous
monitoring programme for airborne radioactivity. At most plants reviewed
air contamination control is based on regular measurements to detect any
need for a change in the classification of controlled sub-areas. Other
specific checks are made if an abnormal event such as leakage occurs, or
during particular maintenance or servicing operations. Such activities
are generally well conducted.

The following specific issues which influence the risk of internal
contamination of workers have been noted:

o The presence of toilets or drinking fountains in controlled areas
was mentioned in section 6.2. These should be prohibited; they
present a risk of internal contamination.

o At one plant, access to high radiation rooms in the controlled
area is not restricted by locking the doors or by alarms that
actuate upon opening the doors.

o In one case, the OSART suggested special efforts to prevent the
spread of contamination and greater use of protective masks.
Although in that case the collective dose caused by internal
radiation exposure was low, it was still a sizeable fraction of
the total collective dose.

o At one plant, the respiratory protection of workers was found to
be inadequate because there is no capability for individual
testing of mask fitting. It is doubtful whether the masks gave
protection to all workers, especially those with a beard.
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Internal radiation exposure control is commonly based on whole-body
counting at least once a year for everyone who enters the controlled
area, or more frequently in case of incident. Contractor workers, who
generally stay for only a short time in a given nuclear power plant, are
checked at their first entry and last exit. At one plant the whole-body
counting is supplemented by a "quick" body counter in the arrival
building and high sensitivity contamination monitors in the dressing
area. This equipment enables timely detection of any abnormal
contamination.

At some plants reviewed whole-body counting for every worker who
might become internally contaminated is not systematically performed.
The practice at such plants is to check a selected group of workers who
face the highest probability of contamination. In those cases, OSARTs
have recommended measures to ensure that all workers who are at risk of
incurring a measurable internal exposure because of their work are
monitored adequately.

6.4 RADIATION PROTECTION INSTRUMENTATION, EQUIPMENT AND FACILITIES

Objectives

The operating organization should ensure that equipment necessary for
the radiation protection programme is provided. Instrumentation and
equipment needed to obtain measurements of radioactivity and doses should
be calibrated, maintained and used only by qualified personnel so that
results are accurately determined.

Fixed instrumentation should be available to enable monitoring of all
normal pathways of effluent releases, and of radioactivity levels under
accident conditions, in order to evaluate actual or potential releases.
This is for environmental considerations. Inside the plant, fixed area
monitoring instrumentation should give an alarm for workers if radiation
levels increase. Appropriate portable instrumentation could meet the
same objective.

Results

The plants reviewed were generally well equipped with radiation
protection instrumentation, but some plants lacked some specific
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instruments:

o The capability of measuring high dose rates inside the containment
or in the ventilation stack is inadequate at several plants. In
some cases the measuring range does not cover accident conditions
at all; in some others the instruments are not redundant, or can
not be calibrated properly.

o One plant has no air-flow meter in the stack for evaluation of
gaseous effluents in normal operation.

o At one plant, stack releases are not indicated in the control
room, and there is no redundancy in the local stack monitoring
system.

o At one plant, several work places in the controlled area have no
monitors to give area alarms.

o One plant was found to have no portable gamma dose-rate meters
dedicated for emergency use only.

o In a few cases, the liquid effluent discharge pipe is not equipped
with a radiation monitor. However, a common practice is to survey
this radioactive liquid effluent pathway with a gross gamma
activity monitor which gives an alarm and initiates automatic
closing of isolation valves.

o One plant has no contamination monitor in the active laundry.
Laundry monitors would be needed to separate laundry before and
after decontamination.

Most plants reviewed had a good calibration and maintenance
programme. The following minor weaknesses were noted at different plants:

o At one plant gamma dose-rate meter function is not routinely
checked with a source before use.

o One plant could not present records from the initial calibration
of the fixed area monitoring -instrumentation and from periodic
calibrations and tests of fixed and portable instruments.
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Some older plants had a wide variety of radiation monitoring
instruments. In the long term this may give rise to maintenance
difficulties, especially in purchasing spare parts. Plants may need to
consider purchasing replacements, preferably acquiring proven instruments
and reducing the large number of different makes.

At several plants it was recognized that the periodic on-site
calibration of high-range radiation monitors involves a radiation risk,
as it is necessary to handle high-level radiation sources.

Radiation protection clothing and equipment were generally found
adequate although in a few cases an increase in the quantity of such
protective equipment was suggested. The practice of using such equipment
was found satisfactory.

The safety level of facilities for radioactive waste management
(Section 6.7), decontamination workshops (equipment, tools, people), and
laundries was considered adequate. At one plant, the OSART recommended
that the need for a radioactive liquid effluent treatment system be
reconsidered.

6.5 PERSONNEL DOSIMETRY

Objectives

Dose monitoring of individuals should comply with national
regulations which are quite similar all over the world. Basically, the
dose commitment related to working in a radiological environment (that
means in controlled areas) should be individually monitored and recorded
in order to ensure that regulatory limits are not exceeded. Personnel
not working inside a controlled area should be indirectly monitored by
area surveillance. A nuclear power plant should have adequate
instrumentation, equipment, and procedures taking into account specific
requirements due to the nature of the radiation to which people may be
exposed (gamma, beta, neutrons), the working conditions (extremity
dosimetry), and incidental exposure (nuclide intakes, non-uniform
exposures).
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Results

The overall impression drawn from OSART reviews is very good. They
have made only minor suggestions for improvements, except in the case of
the lack of extremity dosimetry already mentioned in section 6.2.

Routine individual dose monitoring is typically ensured by two, even
sometimes three, devices including film badges, TLD monitors and pocket
ionization chambers, among which one is the official monitor (film badge
or TLD) required by regulations. Slight differences can be observed with
respect to official systems; some could lead to over-estimation of dose
commitments. For example, in one plant a monthly dose equivalent between
50 and 200 microSv is recorded as 200 microSv.

A work dosimetry system using direct reading electronic devices has
been noted as a good and commendable practice. Modern dosimeters can
give audible and visual alarms when thresholds for either dose rate or
total dose are exceeded. An automatic reading device connected to a
computer facilitates not only the implementation of an effective exposure
limitation programme (see Section 6.2), but an effective method of
personnel dosimetry surveillance. Using appropriate computer programmes,
it is possible to track not only cumulative dose commitments for any
individual, but one-day dose commitments exceeding a given value. OSARTs
have encouraged the implementation of such systems, which are in use at
varying degrees of sophistication at several plants.

6.6 RADIOACTIVE EFFLUENT CONTROL

Objectives

Radioactive gaseous or liquid effluent releases should be not only
below authorized limits, but as low as is practically achievable. The
radioactive effluent control should be based on monitoring the normal
release pathways as the radiological impact of releases from a nuclear
power plant in normal operation is very difficult to measure: it is too
small. It is also necessary to consider the risk of releases through
unmonitored pathways, especially in the case of some of the most probable
incident sequences. Nevertheless, in addition to ensuring that
procedures, instrumentation, and equipment for monitoring the releases
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are adequate, a comprehensive environmental monitoring programme should
be implemented.

The 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 tightness and decay
storage systems. With respect to liquid effluents from LWRs, corrosion
products account for the bulk of the activity. They can be limited, as
already said, by comprehensive water chemistry and by using appropriate
decontamination treatment systems, the final products being liquid
effluent releases and solid radioactive wastes. Preventive actions of
this sort, which are based largely on long-term R&D, are not strictly
within the scope of OSART reviews, although they have been discussed to
some extent.

Results

Gaseous and liquid radioactive effluent releases have been low and do
not give rise to concern at any of the plants visited. With a few
exceptions, the radioactive effluent control procedures are of a high
standard: safety authorities are closely involved, and operations are
well conducted.

Radioactive gaseous effluents are generally well under control, with
the following exceptions:

o A few plants need to complete the set of radioactive effluent
discharge limits. The use of only one annual limit is not
sufficient: activity flow rate limits are also generally required
(e.g. activity flow rate at the stack). The same applies for
liquid effluent releases.

o Some plants have instrumentation which is inadequate for reliable
control of gaseous effluents, as mentioned in 6.4.

The few deficiencies identified in the control of liquid effluents
relate to the instrumentation and decontamination facilities, and were
already mentioned in sections 6.2 and 6.4. One further design deficiency
pointed out by an OSART is lack of an adequately instrumented retention
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pit around the refuelling water storage tank. Such retention pits are
generally used to avoid uncontrolled releases from pools and tanks
containing radioactive liquids.

Outstanding environmental monitoring programmes were found in several
countries. In many cases, these programmes are enforced by regulatory
bodies that are involved to a great extent in them, sometimes as part of
wider national environmental policies. Radioactivity in the environs of
nuclear power plants is therefore under strict surveillance. The most
complete programmes include continuous monitoring stations (to measure
dose rate, airborne activity, and iodine) and numerous sampling analyses
(of activity in rain water, river, grass, milk, fish and so on).

6.7. RADIOACTIVE SOLID WASTE MANAGEMENT

Objectives

The radioactive solid waste programme should aim at safely
conditioning the low-level and intermediate-level waste produced at
nuclear power plants. The main safety objective is to ensure the perfect
confinement of radionuclides especially during transportation and
storage. Solid waste conditioning should also be carried out safely with
respect to the occupational exposure and control of radioactive effluents.

Another important objective is a programme for minimizing the
generation of solid radioactive wastes as far as possible, for example by
limiting the unnecessary introduction of goods to controlled areas. More
sophisticated programmes could also optimize solid waste generation,
taking into account the results of cost-benefit analysis.

Results

Most countries were observed to have national regulations, which
often include detailed criteria, for solid waste management. Procedures
and processes must be approved by the authorities.

Although the overall situation appears to be satisfactory, provisions
for the treatment of solid radioactive waste were occasionally inadequate
essentially because the facilities were poor. In one case, the OSART
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found that storage facility was inadequate, with insufficient separation
of the different kinds of wastes (radioactive concrete drums,
contaminated oil drums, and inflammable wastes). Poor practices of this
sort can give rise to increased external radiation exposure of workers,
and fire risks. At several other plants specific improvements in solid
waste management — especially the use of more advanced techniques to
reduce the number of filled drums, or to ensure better solidification —
were suggested.

At some plants OSARTs have noted commendably good practices in waste
management. These plants have implemented advanced design features such
as segmented storage cells or remote handling systems.
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7. CHEMISTRY

Careful control of plant chemistry is important to ensure safe
operation and the long-term integrity of the plant. Each plant should
therefore have a sufficient number of chemistry experts who have the
means to perform the necessary chemical surveillance and to provide
sufficient information and instructions to other plant staff.

The duties of the chemistry group in some fields and in some cases
overlap with those of the radiation protection group. For example, waste
water release and environmental control might be dealt with in either
area of this report. Here, we discuss:

o Chemistry organization.
o Chemistry procedures.
o Chemical surveillance programme.
o Laboratories, equipment, and instruments.
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 the communication lines inside and outside of the
plant should be established in plant administrative procedures.

If in addition to their surveillance activities the chemistry group
have responsibilities in operational areas, such as running the water
purification plant, treating or solidifying waste, or operating
evaporators or ion exchangers, the two types of activity should be
clearly separated to avoid conflict of interest between surveillance and
operational considerations.
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Results

There is a chemistry group with well defined tasks and
responsibilities at all plants reviewed. The number of chemistry staff
is in most cases adequate, but in some plants a shortage in qualified
people has been noted.

OSARTs have sometimes observed that two different groups fulfil the
tasks of chemical surveillance. One group, which does mainly theoretical
and research-related work, comprises highly educated chemists. It is
located within the corporate management. The second group, which does
routine chemical work, consists only of chemistry technicians and is
located at the site. This organizational structure has also been found
satisfactory, provided the regulations and procedures are more
comprehensive than in plants with a strong on-site group. At one plant
with a split organization, specific action levels for the results of
measurements were not considered to have been defined sufficiently to
ensure that the absence of more highly qualified chemists on site might
not delay necessary decisions.

It is a common practice to have chemistry technicians either on call
or even on shift, but in one case the number of personnel was found to be
so small that such an arrangement was impossible. The lack of help from
a chemist at an early stage may aggravate some chemistry-related
incidents, such as condenser tube leakage or radioactive waste effluent
problems.

At some plants OSARTs observed that sampling and measurement of
probes are done by different people, or in different groups. This
practice may yield wrong results.

The interaction between chemistry and other technical departments was
generally good. OSARTs have noted as good practices the wide
distribution of analytical results by copies, daily meetings, and
individual contacts.
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7.2 CHEMISTRY PROCEDURES

Objectives

The personnel of the chemistry department should have available to
them, and understand, procedures for analysis and measurement.
Analytical techniques should be technically appropriate, and analyses
should be carried out in a safe manner. Relevant manuals should be
accessible to each of the technicians, and only the latest valid issues
should be in use.

The procedures should regulate sampling and analysis during and after
working hours, sample manipulation, types and methods of analysis,
locations where measurement should be made, and the instrumentation
required. Items necessary for post-accident sampling systems and their
design are listed in, for example, US Nuclear Regulatory Commission
documents Regulatory Guide 1.97 and NUREG-0737.

Results

The procedures at most plants are satisfactory. At others,
procedures are neither updated nor formally approved, or are lacking:

o At some plants, specifications of limits and measures to be taken
when values are exceeded are insufficient.

o At some plants there are no written procedures for sample taking.

o There are no procedures for post-accident sampling and the related
analytical work at several plants.

7.3 CHEMICAL SURVEILLANCE PROGRAMME

Objectives

The chemical surveillance programme should be based on the technical
specifications made by the manufacturers of the plant and of the fuel,
the regulations of the national regulatory bodies, and guidelines from
industrial organizations such as EPRI and VGB. Plant-specific deviations
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from recommended standard controls or from normal values are acceptable
if the reasons for deviations are well understood.

It is important to understand that a surveillance programme should
also be adapted to special features of the plant, such as the use of
copper tubing in preheaters, or the presence of sensitized welding joints.

The frequency of the periodic measurements should be sufficient and
clearly specified in the programme, especially in the case of control
parameters (those parameters which require strict control if material
integrity is to be assured). Wherever possible, measurements should be
continuous.

Deviations from the specified limits, if found during operation,
should be examined and corrected immediately.

Results

The chemical surveillance programmes reviewed are in general of good
quality. In BWR plants the continuous measurement of conductivity, anion
conductivity, and oxygen is almost a standard practice. Also, sodium
detectors are now installed in many plants. For PWRs, equipment has been
installed for determination of ammonia and hydrazine.

The following shortcomings were noted:

o Indications of intergranular stress corrosion cracking have not
been adequately addressed at one plant where non-stabilized
stainless steel was used. Feedwater treatment with hydrogen was
recommended to keep the oxygen concentration low in the feedwater
system of that plant.

o At some plants, conductivity or oxygen concentration is not
monitored continuously, or the excessive values do not give alarm
signals in the control room.

o Periodic measurements of certain parameters are not frequent
enough in some plants. The minimum frequencies suggested are
daily measurements of radionuclide concentrations, daily
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performance of boron and lithium analysis from PWR primary coolant
(pH control), and measurement of control parameters three times a
week.

o One plant has no complete document setting out a schedule of
analyses to be performed.

o A few plants have not established systematic examination of
emergency diesel generator fuel and lubricants. Diesel fuel can
be polluted by formation of polymers as ageing products, as a
result of the addition of cracked oil to the distillate in an
increasing amount in the recent years.

o With respect to waste water release, it was observed at one plant
that the measurement of the waste water was against internal
procedures: it was done only after the release had taken place.
That was an example of a relaxed attitude to regulations,
resulting from the fact that no elevated concentrations of
radioactive materials had ever been found in samples.

o At one plant it was found that there is no process radiation
monitor in the liquid radioactive discharge line, and consequently
no recording and alarm facility or interlock to close the valve in
the effluent discharge line in the event of high activity.

o At one plant the detection limits for secondary water activity in
the condenser and in the steam generator blowdown line were found
to be too high. They are based on consideration of major
accidents but do not take into account the occupational exposure
and the importance of the steam generator leak path for off-site
releases during power operation. The same plant had no defined
limit for the activity concentration in the auxiliary steam
system, which if exceeded should preclude any recycling of the
steam to the auxiliary boiler.

At some plants a limit for fluoride concentration and the periodic
checking of this ion has been lacking. This has raised some questions
during the missions. However, it seems not necessary to measure this ion
if it can be proved that the fluoride concentration is always below
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detrimental levels. The results at the plants concerned showed that
fluoride has never been a problem.

7.4 LABORATORIES, EQUIPMENT AND INSTRUMENTS

Objectives

The laboratories should have adequate space, supplies and equipment.
Laboratory equipment and work areas 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. Work
practices and safety equipment should be adequate to maintain the safety
of personnel.

The instruments necessary to perform analyses should be available and
calibrated.

Results

In most cases, laboratory space, equipment and instrumentation were
found to be adequate. Several plants have separate hotlab and coldlab,
and some have a third laboratory for environmental surveillance. Many
plants are supplied with modern instrumentation such as an ion
Chromatograph for the determination of anions, one or two atomic
absorption spectrometers, TOG analyser (Total Organic Carbon) for
monitoring remaining organic compounds in demineralized water, a
detection system for condenser leakages, and ion sensitive electrodes for
the determination of ammonia and hydrazine.

The following shortcomings were noted at different plants:

o Some plants are short of laboratory space or modern chemistry
instrumentation.

o In one laboratory the floors, walls and work benches were found to
be in poor shape, and the OSART considered that it would be
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difficult to ensure adequate cleanliness in the long term without
refurbishing the laboratory areas.

o At one plant the steam generator sampling system is located in the
cold laboratory. In the event of steam generator tube leaks
uncontrolled off-site releases and laboratory contamination could
be expected.

o Some laboratories do not have adequate office space and stock
rooms.

o Sampling systems at some plants do not have adequate radiation
shielding and controlled ventilation, and some sampling systems
are not easy to survey.

o At one plant, the operations department is responsible for
controlling the actual state of the sampling systems but the
system is mainly operated by the chemistry staff. The lack of
formal control routines creates a situation in which the shift
personnel may not be aware of the status of important chemistry
monitors.

o Industrial safety is affected at one plant by the lack of hoods
for some sampling systems.

o Several plants have insufficient post-accident sampling systems,
or have none at all.

7.5 QUALITY ASSURANCE AND CONTROL

Objectives

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

The equipment used for radioactivity measurements should be kept free
from contamination. Instruments should be recalibrated frequently,
taking account of deviations found in the past.
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The quality of process chemicals should be assured by methods such as
detailed specifications, lists of authorized substances, and quality
control procedures.

The chemistry quality control programme should include an adequate
number of recurrent tests and checks. There should be written procedures
for those tests, as well as schedules and instructions concerning the
documentation required.

Results

Although the quality of chemical surveillance is generally good, the
following deficiencies were observed at some plants:

o Elevated dose rates were found in some laboratories, indicating
the lack of a policy of minimizing the quantity of radionuclides
in the laboratories.

o In one case equipment for activity measurement was found to be
contaminated.

o At one plant the gamma spectrometer shields were left open when
they were not in operation, so that they might have become
contaminated.

o Routine contamination control was not performed in some
laboratories.

o Programmes to assure the quality of process chemicals used are
insufficient at some plants.

o At some plants the intervals prescribed between recalibrations of
radiation measurement instruments were considered to be too long,
exceeding significantly the common maximum period of one month.

o In some cases instruments have not been adequately cross-checked with
external institutes or other plants.
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At some plants statistical data is insufficient to facilitate
checking of the quality of analytical results and identification of
trends.

7.6 REPORTS AND RECORDS

Objectives

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

Results

Data and results of surveillance programmes are carefully recorded
and reported at most plants. At several plants computerized systems are
used efficiently for recording and processing of chemistry data. A
common practice is to issue monthly, annual and special events reports.

OSARTs noted that at some plants the reporting system does not ensure
that those concerned receive comprehensive information quickly. The
possibilities offered by modern computers are not used to process data,
and the dependence between plant evolutions and changes in chemistry is
not presented in a manner which would promote a greater understanding of
chemistry by the plant staff.

7.7 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.
Their ability and qualification to perform tasks independently should be
verified prior to assignment.

Results

Large variations were found in the level of basic education of
chemistry personnel, reflecting the different education systems in
different countries.
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In many countries laboratory technicians have received their basic
education in general schools or universities, and have no practical
experience. In some other countries technicians get their education in
both companies and schools, like craftsmen, and acquire theoretical and
practical education at the same time. These differences should influence
heavily the special training given by the plant. While in the first case
extensive practical training is essential, the necessary knowledge can be
presumed to exist in the second case.

The qualifications of chemistry personnel were generally considered
to be adequate. Deficiencies in training were observed, and additional
training recommended, in only a few cases.

A good practice identified at one plant was internal education or
retraining. People from three sections, Radiation Monitoring, Radiation
Protection and Chemistry, have developed a retraining programme
together. Most of the time is spent on practical training. People from
one section are instructors for people from the other two sections. This
programme gives many opportunities for experience exchange and a certain
amount of job rotation.
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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 which may be required to be implemented in the
event of an emergency. Nuclear power plant management and public
authorities plan and establish the necessary organizational structures
and assign emergency response responsibilities to ensure timely and
co-ordinated response to emergencies which may have the potential for
off-site consequences. Emergency plan implementing procedures provide a
methodology for rapid and practical implementation of the plans.
Planning also includes arrangements made 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, training and retraining 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 following emergency planning and preparedness sub-areas 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.
o Emergency plan implementing procedures.
o Notification and communication.
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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/preparedness
co-ordinator, whose primary responsibility is for the planning and
maintaining of preparedness for response 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 fulfil 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 management attention if necessary. The
co-ordinator may also be assigned to oversee facilities and equipment,
test communications, upgrade procedures, schedule drills and exercises,
and follow upgrades resulting from drill and exercise critiques.

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

Results

In general, the tasks associated with co-ordination of emergency
planning and preparedness at nuclear power plants are performed as
collateral duties of the plant organization. At only a few plants are
dedicated emergency planning/preparedness co-ordinators assigned. The
reporting positions of the co-ordinator at these organizations are
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generally not described in the OSART reports, but in one case the
dedicated co-ordinator reports to the Technical Services Head, who in
turn reports to the Plant Superintendent. This appears to be an
effective arrangement for an operating organization, although direct
reporting to the plant superintendent would be even better.

The reports were not sufficiently detailed to associate a lesser
level of preparedness with the lack of a dedicated co-ordinator, but it
should be noted that the plants having appointed such a person consider
the planning and preparedness tasks of sufficient magnitude to sustain
the arrangement. Significantly, in some of these plants the work load
associated with this responsibility has been deemed high enough to
suggest that the provision of additional support to this position should
be considered.

8.2 EMERGENCY RESPONSE ORGANIZATION

Objectives

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

Organizational responsibilities should be clearly assigned at each
phase of the 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 which 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 should be
continuously available to the shift supervisor for immediate actions.

Results

The emergency response organizations and staffing were found to be
adequate in all of the plants reviewed except one, in which the OSART
recommended expansion of the organization, in terms both of the number of
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personnel assigned and the functional areas covered. In this case, the
recommendation included the structuring of an emergency response
organization with positions outside of the normal operational
organization, vested with the responsibility and authority to make
emergency decisions and authorize resource allocation without going
through the normal reporting chain.

The assignment of organizational responsibilities and emergency
response tasks were not generally described in the reports; however, the
following shortcomings were noted:

o At a few plants no emergency job descriptions or written
instructions are provided to all those personnel having specific
emergency response duties. At one of these plants it was
further noted that the staff are not familiar with the actions
they would be required to take in an emergency.

o At one plant the authority for declaration of various classes of
emergency resides with the division director for alert and the
company president for site area and general emergencies. Even
when the situation calls for urgent action, a reporting chain
descending from the plant manager to the shift supervisor is
required. Such an approach could result in a significant delay
in the implementation of protective measures, and inefficency in
avoiding or reducing public exposure to radiation.

In general, OSART reports have not discussed off-site local and
national authority organizations in detail, but only from an
inter-organizational standpoint. In one review it was noted that the
national authorities have not designated a lead agency for co-ordinating
the response to an emergency.

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
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identify interfaces 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 include response 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 response is
we11-integrated. Provisions should also be made for initial, rapid
assessment of off-site consequences until the competent authorities
become operational.

Results

All but one of the operating nuclear power plants reviewed have
completed emergency plans. Of the completed plans, one was not
up-to-date.

The following shortcomings were noted in different plans:

o Some plans contain too much detailed information, making their use
and revision difficult.

o One plan does not include all of the organizational units which
have emergency response duties in an accident.

o In one plan the EALs do not agree with the Final Safety Analysis
Report, and in another the EALs are based only on observing
multiples of radiation limits contained in Technical
Specifications.

o In one case the on-site and off-site plans do not agree. This
could result in confusion in recommending and implementing
protective measures for the off-site population.

o A significant inadequacy in some plans is the lack of
consideration of low-probability severe accidents beyond the
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design basis. This has resulted in a lack of co-ordinated
planning for response to and assessment of accidents involving
core melt sequences.

o In some plans the utilities do not make provisions for conducting
initial off-site assessments for rapidly developing accidents
until the competent off-site authorities and their support groups
become operational. This could result in an unacceptable delay in
assessment of off-site consequences of the accident and the
recommendations to public authorities concerning off-site
protective measures.

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 organization
in the event 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.

Results

Off-site emergency plans for operating power plants were generally
found to be well developed in co-operation with the plant operators and
local, regional and national authorities, in accordance with the
provisions of the national legislation applicable to the country.
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Responsibilities for overall emergency planning at the national level are
generally assigned to one governmental agency or a national committee, and
co-ordination of planning and response appears to be well done. The
following shortcomings were noted:

o In one case the national authorities have not designated a lead
government agency to co-ordinate planning responsibilities.

o In a few cases the plans do not utilize the concept of Emergency
Planning Zones to define the extent and depth of off-site planning
for local and national authorities.

o In a few countries the national policy for assessment of off-site
consequences vests this responsibility solely in the national
authorities. In these cases no provisions have been made to
receive initial assessments and recommendations for protective
measures based on assessments from the nuclear power plant in the
period before national authorities become operational. This could
delay the implementation of protective measures for the public in
rapidly developing emergencies.

Generally, off-site planning by local or regional agencies was not
described in the reports. However, the possibility that local agencies
may not be well prepared was suggested in a report which showed that one
local jurisdiction was found to have a high level of preparedness, and
adjacent jurisdictions lower levels. As co-operation in off-site
assessment and protective measures is essential to an effective off-site
response, the OSART recommended that additional technical assistance and
personnel resources be made available to bring these jurisdictions to a
comparably high level of preparedness.

8.5 EMERGENCY PLAN IMPLEMENTING PROCEDURES

Objectives

Procedures should provide the detailed guidance for the rapid and
effective implementation of the on-site and off-site emergency plans.
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On-site procedures should provide for actions to correct the abnormal
condition, 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.

Results

Procedures for implementing emergency plans were found to be well
developed at most operating nuclear power plants. However, OSARTs noted
procedures at a few installations which were incomplete or in need of
expansion.

OSARTs did not generally address procedures for implementing off-site
emergency plans, but in at least one case the local and regional
authorities did not have any procedures as they were lacking emergency
preparedness expertise.

In those cases where the emergency plan does not address severe
accident planning, OSARTs have indicated that procedures will have to be
developed in connection with the improvement of the plans. Similarly,
the development of additional procedures for rapid initial dose
assessment and recommendations for protective measures are needed for
those nuclear power plants which are expanding their planning
responsibilities to cover initial off-site accident assessment in the
period before off-site authorities can take action.

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
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the rapid alerting and notification of 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.

Results

In most plants reviewed the notification scheme was considered to be
functional and effective.

A commendable good practice was noted at one plant for the
implementation of a call-out roster: the telephones selected for the
call-out were capable of being programmed so that only a two digit code
had to be entered to place the call. This practice can improve the
efficiency of the call-out process and speed-up the calls so that the
person performing the call-out can be freed sooner to accomplish other
tasks.

At some plants the call-out lists for alerting and calling in
emergency response organization staff to augment on-shift staff were
found to be either not up to date or not easily available to the shift
supervisor for use in an emergency.

The OSART reports generally did not present information in regard to
the methodology used to alert and notify the public of emergency
conditions, but two of the reports found weaknesses. One installation
reviewed does not have an effective method for notifying the public, and
in another there is no procedure for activating the public notification
system.

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. Weak
emergency communications, based on use of the public telephone network
only, were noted at a few plants.
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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 centres where the on-site and off-site emergency response can be
directed, as well as means for assessment of radiological consequences
and for implementation of any necessary remedial actions or protective
measures. The availability of facilities and equipment should be assured
under the most adverse radiological conditions.

Results

Most emergency response facilities were found to be adequate under
the accident assumptions for the plant reviewed. However, some
significant weaknesses were identified:

o At some plants either the emergency control center (ECC) or the
technical support center (TSC), or both of these facilities do not
have provisions for maintaining habitability under adverse
radiological conditions, and no back-up facilities are provided to
allow continued assessment and control of the emergency response
activities.

o A few facilities were found to have no radiation protection
provisions, such as radiation monitors and alarms, air monitors
and alarms, survey instrumentation, dosimeters, and respiratory
protection equipment.

o At some plants the emergency response facilities are not well
equipped with communications, maps, status boards, and plant
procedures, drawings and documents to support emergency operations.

At a few plants there are insufficient accident range monitors and
release pathway flow-rate meters to allow determination of the source
term for input to off-site dose assessment calculations. If
comprehensive off-site monitoring data are not available, there could be
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a large uncertainity in projecting the off-site consequences of a
radiological release and in recommending protective measures for the
public. A related finding at some plants is the lack of a post-accident
sampling capability for determining the magnitude and isotopic content of
contamination in containment air and primary coolant. This would hamper
the estimation of the degree of fuel damage and the source term for
unplanned or planned releases. In regard to sampling, the OSART found
radiation protection for personnel handling chemistry samples to be
inadequate at one plant.

At many plants it was noted that the operating staff have no
computerized aids to speed-up dose assessment and dose projection from
the release of radioactive materials. Doses are assessed using manual
methodology in which isopleth overlays, graphs and tables are employed.
This practice may tie up excessive resources, and prevent vital operating
staff from concentrating on operational matters, particularly on the back
shifts when staffing is initially low.

8.8 ON-SITE RESPONSE

Objectives

A methodology should be provided for initial rapid assessment of the
on-site radiological hazard, including any necessary rescue, fire
fighting, first-aid, radiation protection and damage control
requirements. The response should also allow for implementing actions
towards restoring the plant to a safe condition.

In the event of a site emergency, unnecessary personnel may need to
be evacuated from an area or the site and assurance should be gained that
all persons are accounted for in a timely manner. Adequately protected
spaces and protective equipment have to be provided to vital personnel
who have to stay on-site.

Results

Capabilities for rapid assessment of radiological hazards on-site,
but outside of the normal radiologically controlled area, were not

123



addressed in all OSART reports. However, the following weaknesses in
these capabilities have been noted:

o At some plants appropriate radiation survey instrumentation and
equipment are not provided outside of the controlled area, or
designated for emergency use only.

o At one plant where there is dedicated emergency equipment, the
OSART found some of the equipment to be inoperable as functional
checks had not been performed during routine inventory checks.

In those OSART reports that addressed emergency fire fighting, search
and rescue, first-aid, re-entry and damage control, and radiation
protection for emergency teams, no major weaknesses were found. The
following shortcomings were noted:

o In one case the off-site fire fighting crew has only a limited
number of chemical resistant and heat reflecting suits, and there
are no similar suits on site as part of the emergency preparedness
equipment.

o At another plant there are no roll-call provisions for assembly
areas to ensure that all persons are accounted for. In this case
it was recommended that consideration be given to utilization of
the computerized site security system to perform this function.

8.9 OFF-SITE RESPONSE

Objectives

A methodology should be provided for initial rapid assessment of the
need for any off-site emergency protective measures, for supplementing
the initial assessment with adequate field measurements, and for ensuring
that adequate data is available upon which to base advice on the measures
that may need to be implemented. The response should also take account
of implementation of protective measures, as well as decontamination and
treatment of members of the public irradiated by, or experiencing
ingestion of, released radioactive materials.
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Results

Significant variations in the status of off-site emergency response
were apparent in the OSART reports. In a few cases the local authority
preparedness was praised as being excellent. At other plants the
following weaknesses were noted:

o In those countries whose government policies for independent
assessment of off-site radiological hazards result in a lack of
initial assessment under the on-site plan, effective
'decision-making and implementation of protective measures could be
delayed.

o Another potential problem in timely assessment is in regard to the
possibility of contradictory dose assessment due to the difficulty
in transmission of plant release data, and differences in dose
assessment methodology between the off-site responders and the
plant.

o In one case, no arrangements for hospital or ambulance service
have been made for the handling of contaminated or
radiation-injured plant personnel.

o In one case no information on the emergency plans, describing
emergency measures to be taken, had been provided to local
authorities, major companies, schools, hospitals, etc., in the
vicinity of the nuclear power plant.

A particular area of off-site response where varying practices have
been noted is in the stocking, distribution and use of potassium iodide
(KI) for thyroid prophylaxis against radioiodines:

o Around one plant no KI is provided for the general public,
o At one plant the KI is available only at assembly points,
o At one plant the KI is provided to all houses, schools and

workplaces.
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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, to enable them to respond in a
correct and efficient manner in the event of an emergency situation. A
programme of skill-developing periodic drills and exercises should be
provided to reinforce this training, and to enable assessment of the
effectiveness of the 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 general training of personnel
on-site other than those having emergency duties, to familiarize them
with procedures for alerting personnel of emergency conditions and
evacuating the area or site.

Results

About half of the operating plants reviewed do not conduct periodic
integrated exercises to fully test the adequacy of on-site and off-site
emergency plans, and in particular to test the interfaces between the
nuclear power plant and local, regional and national authorities.
Although individual plans are tested in limited-scale exercises and
drills, no assurance has been gained that the response of all
organizations having emergency response responsibilities will be
efficient and effective. A large-scale comprehensive exercise involving
the nuclear power plant organization, the public authorities and members
of the public had been conducted in one country prior to the OSART
mission. It was considered to have been a remarkable achievement and
success.

A significant shortcoming noted at some plants is the lack of a
formal, periodic training program for all plant personnel assigned
emergency response duties. In some cases, training is developed and
presented separately for function groups, and regular drills and
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exercises conducted only for the individual groups and not for assessing
the co-ordinated response capabilities of the entire staff.

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 any accident occurs and during a potential accident.
The information should relate to the emergency arrangements for the plant
and to those activities that may affect the normal routine of the public
or require their co-operation in implementing protective measures in the
event of an emergency.

Results

OSARTs reported on this aspect in about half of the reviews which
have been conducted. They found that public information programmes were
basically satisfactory.

A good practice found in one programme was the establishment of a
visitors' information centre which was able to accommodate 80 000 to
100 000 visitors per year.

Specific deficiencies were noted as follows:

o At one plant the public information programme has not been fully
extended throughout the emergency planning zone, because it comes
under different jurisdictions.

o At one plant media briefing has been conducted in the emergency
operations facility response team work area during an exercise,
disrupting the emergency response tasks.

o At a few plants, the OSART recommended that the emergency
information centre be relocated from on-site to an off-site
location, protected from radiological consequences.
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o In some cases the emergency information services of different
response organizations are not consolidated in a joint information
centre.

8.12 MAINTAINING EMERGENCY PREPAREDNESS

Objectives

A methodology should be provided for ensuring any necessary
modification or updating of the emergency plan and associated
implementing procedures, as the result of 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.

Results

The methodology for ensuring periodic reviews and necessary
modifications of emergency plans and implementing procedures is generally
not considered in the OSART reports. Of the few reports which do address
this important area, only one indicates that an adequate programme has
been developed and implemented for that plant. In other cases action to
re-evaluate existing planning has been initiated, to take into account
experience gained from recent nuclear accidents and advances in safety
philosophy and techniques.
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