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FOREWORD

The IAEA Operational Safety Review Team (OSART) programme provides advice
and assistance to Member States to enhance the operational safety of nuclear
power plants. The OSART programme, initiated in 1982, is not restricted to
any particular group of Member States, whether developing or industrialized,
but is available to all countries with nuclear power plants in operation or
approaching operation.

Conservative design, careful manufacture and good construction are all
prerequisites for safe nuclear power plants. However, their safety depends
ultimately on the capability and reliability of the operating personnel, on
comprehensive operating instructions and adequate operator aids. A positive
attitude and conscientiousness on the part of the management and staff in
discharging their responsibilities is also very important for operational
safety.

OSART missions consider these aspects in assessing a facility's
operational practices in comparison with those used successfully in other
countries and when exchanging, at the working level, ideas for enhancing
safety.

The IAEA Safety Series publications, including the Nuclear Safety
Standards (NUSS) for nuclear power plants and the Basic Safety Standards for
Radiation Protection, and the expertise of the OSART members themselves form
the bases of the review. The OSART Guidelines provide overall guidance for
the experts to ensure the consistency and comprehensiveness of the operational
safety review. Additional guidance and reference material has been prepared
by the IAEA to complement the expertise of the OSART members.

OSART reviews are performance oriented in that they accept different
approaches to operational safety that represent good practices and contribute
to ensuring a good safety record on the part of the operating organization.
Recommendations are made on items of direct relevance to safety, whereas
suggestions made might enhance plant safety only indirectly but would
certainly improve plant performance. Commendable good practices identified at
plants are communicated to other plants where relevant for long term
improvement.
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I. INTRODUCTION

1. PURPOSE

1.1. These guidelines have been prepared to provide a basic structure and
common reference both across the various areas covered by an OSART mission and
across all the missions in the programme. As such, they are addressed,
principally, to the team members of OSART missions but they will also provide
guidance to a host nuclear plant preparing to receive a mission. In particular
the reference documentation (Appendix II) is valuable reading for staff at the
host nuclear plant.

1.2. An OSART review of a nuclear power plant is based on documents
describing the plant and its structures, systems and components; the
organization, training and qualification of plant personnel; written
procedures applicable to the operation of the plant; and the records and
reports of its operating history. The review focuses on plant performance in
various areas important to safety, the managerial aspects of policy
implementation, the control of activities, verification and correction, as
well as document control. Their common features are considered in Section 1.5
Reference material, while the specific Guidelines for the individual areas of
review are presented in Sections II.1 to II.8.

1.3. The guidelines are intended to help e~ach expert to formulate his
review in the light of his own experience. They are not all inclusive and
should not limit the expert's investigations, but are better considered as
illustrating the adequate requirements for his review.

2. OBJECTIVES OF OSART MISSIONS

2.1. The OSART is intended to be a peer review conducted by a team of
international experts with direct experience applicable in the technical areas
of evaluation. Judgements of performance are made based on the combined
expertise of the international team. The review is therefore not a regulatory
inspection nor audit against set codes and standards. Instead, it is
technical exchange of experiences and practices at the working level aimed at
strengthening the programmes, procedures and practices being followed.

2.2. The key objectives of the mission are:

To provide the host country (regulatory authority, plant/utility
management and governmental authorities) with an objective
assessment of the status of the operational safety with respect
to international standards of operational safety and performance.

- To provide the host plant with recommendations and suggestions
for improvement in areas where performance falls short of
international best practices.

To provide key staff at the host plant with an opportunity to
discuss their practices with experts who have experience of other
practices in the same field.

To provide all Member States with information regarding good
practices identified in the course of the review.



To provide experts from Member States and the IAEA staff with
opportunities to broaden their experience and knowledge of their
own field.

3. METHODOLOGY FOR OSART MISSIONS

3.1. Preparation
3.1.1. On receipt of a request for an OSART mission, the appropriate OSART
country officer of the IAEA staff arranges the following:

o Establishment of liaison contacts at the utility and regulatory
authority

o Arrangement of a preparatory meeting with the plant management
and other organizations involved

o Recruitment of external experts for the team

At the same time, the host project should nominate a counterpart in
each review area who will be the prime contact with the expert in that area
during the review.

3.1.2. The preparatory meeting, usually attended by the team leader and
OSART country officer, is held at the plant site to allow plant management,
counterparts and other organizations involved to participate. The meeting
covers:

o The main features of the OSART programme
o Plant management's preparation for the review
o Preparation of the advance information package
o Logistic support required

3.2. Team composition

3.2.1. The team comprises a leader who is always an IAEA staff member and
eight to twelve experts. The desired team composition is two thirds external
consultants (usually senior managers from other nuclear power plants) and one
third IAEA staff, including the OSART country officer. No one from the host
country's nationality is included in the team.

3.3. The review

3.3.1. The OSART team uses three methods to acquire the information needed
to develop their recommendations as set out in the experts 'Technical Notes'
(Section 3.5.1). These are:

o review of written material
o interviews with personnel
o direct observation of performance, status and activities both at

site and at off-site facilities

Experts are expected to cover each topic to the extent necessary to
be able to make an informed judgement of the item. Weaknesses identified
should be addressed to the degree required to document the concerns in the
experts' Technical Notes with sufficient facts necessary to make the concern
understandable and accurate. Formulation of recommendations and suggestions
should be based on the identified weaknesses. Similarly, good practices
discovered during the process of the review that should be documented for the
benefit of other Member States are described in the Technical Notes in
sufficient detail as to be readily understood.



3.3.2. Documents

Those of general interest to the whole team are listed in Section
1.4, while those specific to a given area that are to be reviewed only by the
expert responsible are set out in the appropriate section of the specific
guidelines.

3.3.3. Interviews

Interviews with personnel can then be used to:

o Provide additional information not covered by the documentation

o Answer questions, and perhaps satisfy concerns arising out of the
documentation review

o Form a judgement of their understanding of the arrangements and
their own duties and responsibilities

o Establish whether the individuals are satisfied with the formal
arrangements

o Form a judgement of their competence and professionalism

The interviews are also used to provide the opportunity for all the
important information to be exchanged between experts and counterparts. These
interviews should be a give and take discussion and not an interrogation of
the counterparts by the experts. Properly conducted, these interviews are
possibly the most important part of the OSART mission.

3.3.4. Direct Observation

Direct observation of work activities underway is an important aspect
of the review process. A substantial part of the review period is spent at
the plant reviewing practices in use. The observation of work should include
safety practices, use of procedures, drawings and instructions, quality
control measures in use, and management control of work. From his
observations, the reviewer will form a view of:

- The way the arrangements are put into effect at the point of work
- The technical knowledge and skills of the work force
- The attitude and morale of the work-force
- The extent of commitment to safety objectives
Based upon the interviews and observation the reviewer can then if

necessary modify his preliminary view, which was based only on the formal
arrangements, to form a judgement of performance. It may be that more than
one iteration through document review, interview and observation is necessary
in order to gain sufficient facts to form a judgement.

3.4. Evaluation criteria

3.4.1. OSART members are selected to ensure that a variety of national
approaches to operational safety are represented. Each expert invariably has,
in addition to his particular area of expertise, knowledge of some other
national approaches and some other relevant areas. Coupling this knowledge
with the IAEA Nuclear Safety Standards allows the best international standards
to be identified.



3.4.2. In the evening of each working day of the review, the team leader
calls a meeting of 1 to 2 hours duration where each expert summarizes his
concerns developed during the day, including perceived strengths and
weaknesses. This creates an opportunity for other team members to contribute
their views, further strengthening the experience base of the evaluation. It
is important that each expert comes to the meeting prepared to make a succinct
statement of his findings/ in order to allow the 7 other review areas to be
discussed at the same meeting.

3.4.3. The OSART review thus compares observed plant performance with
successful and cost-effective safety practices found at other nuclear power
plants worldwide. This comparison may result in a recommendation, suggestion
or good practice in accordance with the following definitions:

Recommendat ion

A recommendation is advice on how improvements in operational safety
can be made in the activity or programme which has been reviewed and discussed
as described in the preceding text. Such advice is based on proven
international practices and addresses the root causes rather than the symptoms
of the concerns raised. It can be, but may not necessarily be, an indication
of shortcomings in satisfying regulatory requirements. Usually, it
illustrates a proven method of achieving standards which reach beyond
regulatory requirements. Recommendations are specific, realistic and designed
to result in tangible improvements. If no recommendations are offered this
can be interpreted as an indication of performance corresponding with proven
international practices.

Suggestion

A suggestion is either an additional proposal in conjunction with a
recommendation or may stand on its own following a discussion of the
associated background. It may indirectly contribute to improvements in
operational safety but is primarily intended to make a good performance more
effective, to indicate useful expansions of existing programmes and to point
out possibly superior alternatives to ongoing work. In general it should
stimulate the plant management and supporting staff to continue consideration
of ways and means for enhanced performance. If no suggestions are offered
this can be interpreted as indicative of performance corresponding with proven
international practices.

Good Practice

A good practice is an indication of an outstanding performance,
programme, activity or equipment markedly superior to that observed elsewhere,
not just fulfillment of current requirements or expectations. It has to be
superior enough to be brought to the attention of other nuclear power plants
as a model of the general drive for excellence. If no good practices are
identified this can be interpreted as performance corresponding with proven
international practices.

3.5. Report ing

3.5.1. Technical Notes

During the course of the review, after each evening meeting, each
team member writes detailed Technical Notes on his observations and
conclusions, including any recommendations, suggestions or good practices.
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These form the basis of oral presentations at the exit meeting. One or more
copies of the Technical Notes are given to the plant manager prior to the exit
meeting.

The Technical Notes are the "field notes" of the individual experts
and are considered restricted documents by the IAEA. These notes are not to be
released to be public or derestricted by the utility. A copy of the Technical
Notes should not be provided to the regulatory authority by the utility if the
notes will in turn be made public. The utility, however, is encouraged to let
the regulatory authority read the Technical Notes at the plant site.

3.5.2. OSART Report

On completion of the review, the team leader will prepare the OSART
report, based on the Technical Notes. This is an official IAEA document which
summarizes the team's main observations and conclusions including, all
recommendations and good practices. Before the text is finalized, the utility
and regulatory authority concerned are given the opportunity of offering
comments. This report is submitted through official channels to the Member
State which requested the OSART. The IAEA restricts distribution to itself,
members of the review team and the utility and regulatory authority involved.
Any further distribution is at the discretion of the Member State. It is
interesting to note that, in most cases, the Member States have derestricted
OSART reports.

3.6. Schedule

3.6.1. Immediately preceding the review, team members are required to attend
a briefing of about four hours duration led by the team leader. This provides
an opportunity for them to meet and resolve any questions not covered in these
guidelines.

The team members also meet for 1 to 2 hours in the evening of each
working day to discuss their findings, following which they write up their
Technical Notes.

3.6.2. The two weekends in the review period are left free allowing 15
working days which are scheduled as follows:

Day 1: Entry & Introduction
Plant entry formalities, introduction to security, radiation
protection and industrial safety requirements. General plant
tour. Meet counterparts and agree to review schedule.

Day 2-11: Review. Each expert needs to schedule his own review in advance
and agree to it with his counterpart on day 1. The second
Saturday of the review is frequently held open as a team work day
so that the experts can catch upon completing their Technical
Notes.

Day 12: Reserve for open items

Day 13: Technical Notes review and finalization

Day 14: Preparation for exit meeting

Day 15: Exit meeting (9-12 am.)

11



4. IMPORTANT OPERATIONAL SAFETY ISSUES FOR OSART MISSIONS

4.1. Concerning important operational safety issues for OSART missions,
the International Nuclear Safety Advisory Group (INSAG) has listed such issues
as short questions. The INSAG working group on the OSART programme has
recommended that each team member in the course of his review, ask a number of
basic questions in his particular review area. The purpose is to focus more
sharply on the fundamental issues, affecting safe operation.

As such, the goal is that important operational safety issues will be
more readily and naturally assimilated into each OSART review and be reflected
in the OSART reports. Each expert should strive to find answers to these
questions and thus keep the issues in mind throughout this review and also in
preparing his notes. The concepts put forward by these questions have been
incorporated with the Guidelines and the questions are provided in Appendix
III.

5. REFERENCE MATERIAL

5.1. The basis for the review of the performance of plant and personnel
consists of (a) plant status documents; (b) programmes and procedures; (c)
plant operation records; and (d) internal and external reports. The following
list includes typical documents for each of these groups. Contents and
designation of these documents may vary owing to national practices.

(a) Plant status documents:
(1) Plant description (station manual)
(2) Final safety analysis report (FSAR)
(3) System description
(4) Flowsheet
(5) Diagrams

(b) Programmes and procedures:
(1) Operating licence and conditions
(2) Operating limits and conditions (Tech. Specs)
(3) Emergency plans
(4) Technical procedures

- operations
maintenance
surveillance tests

- in-service inspections and tests
radiation protection

- emergency preparedness
- quality assurance

operational experience feedback
- modifications

chemistry

(5) Administrative procedures
- plant organization, authorities and responsibilities

work planning and scheduling
personnel training and qualification

- > procurement

(c) Plant operating'records:
(1) Plant logs and records
(2) Temporary and permanent modifications
(3) Work requests and permits

12



(4) Equipment histories
(5) Surveillance test results
(6) Calibration records
(7) Radiological data
(8) Chemical data

(d) Internal and external reports:
(1) Plant reports (daily, weekly, monthly, quarterly, annual,

etc. }
(2) Safety committee reports
(3) Industrial safety reports
(4) Radiation protection reports
(5) Effluent reports
(6) Unusual event reports
(7) Emergency exercise reports
(8) QA audit reports
(9) Regulatory inspection reports
(10) Resident inspector's reports
(11) OSART reports

6. INDEX OF GUIDELINES

6.1. OSART Guidelines have been developed in the following areas:

Management, organization and administration
- Training and qualification

Operations
Maintenance
Technical support
Radiation protection
Chemistry
Emergency planning and preparedness

6.2. Particular guidelines are under development for pre-operational
safety review teams (Pre-OSARTs), to assess construction practices and the
operating organization's planning and readiness to commence operation. These
guidelines exist as draft and are expected to be published in the near future.

Next page(s) left blank 13



II. SPECIFIC GUIDELINES

1. MANAGEMENT, ORGANIZATION AND ADMINISTRATION

The safe and efficient operation of a nuclear power plant requires
the establishment of the general policy of the operating organization, the
setting of management objectives and goals, trending and analysing the
achievement of these goals and objectives and subsequent corrective actions
where goals are not met. The provision of appropriate financial, technical,
material and human resources to achieve the goals. The organization and
administration are the means by which policies are decided, objectives set and
appropriate resources provided, controlled and reviewed. It is necessary to
investigate the structure of the operating organization and station
organization, as well as the allocation of responsibilities and the delegation
of authority within these organizations. This area will also look at the
station's Quality Assurance programmes, industrial safety, fire protection,
physical protection and plant security, and document control. Each of these
programmes assists the management in administering or monitoring the operation
of a nuclear power plant.

1.1. Structure of the operating organization, responsibility and
administration

References: 1.1.A. Management of Nuclear Power Plants for Safe Operation:
A Safety Guide, Safety Series No. 50-SG-09, IAEA,
Vienna (1984).

1.1.B. Basic Safety Principles for Nuclear Power Plants: A
Safety Report, Safety Series No. 75-INSAG-3, IAEA,
Vienna (1988).

Objectives

1.1.1. The size and structure of the operating organization will vary and so
will the extent to which services are provided on or off the site and from
within or outside the organization. Irrespective of these variations, a
documented organizational structure should be established with clearly defined
functional responsibilities. Adequate and timely services and facilities
should be made available to the site/plant manager for the safe and efficient
operation of the nuclear power plant. In examining the structure of the
operating organization and its relationship with the site/plant management,
consideration should be given to management functions in the following four
areas:

(a) Policy making functions: these set management objectives, define
quality policy, decide on the allocation of finances, provide
material and human resources, approve the contents of management
programmes, set policies on drug and alcohol use, and provide an
overview to make the neceasary changes to any of these items on the
basis of information on the overall performance in achieving the
objectives.

(b) Operating functions: these involve executive decision making and
support actions for operation of a nuclear power plant, both during
normal operation and during emergencies.

(c) Supporting functions: these relate to the provision of technical and
administrative services and facilities required to perform the
operating functions both from on-site and off-site organizations.
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(d) Reviewing functions: these include critical monitoring of the
performance of the operating and supporting functions. The purpose
of monitoring is to check compliance with the stipulated objectives
for the safe operation of the plant, to reveal deviations,
deficiencies and equipment failures, and to provide information for
timely corrective action.

Preparatory work

1.1.2. Documents to be reviewed in advance (when available):
- Organizational chart including functional responsibilities
- Management sections of the Final Safety Analysis Report (FSAR)

Organization chart or flow diagram with communication linkage
between line and staff organizations

- Goals and objectives
s

1.1.3. Documents to be made available for review at the plant:
- Job descriptions for senior management positions

Descriptions, of interface control between the station and other
organizations

- Policy documents of the operating organization related to safety
aspects
Safety committee terms of reference, charters or appropriate job
description for safety review functions

Investigations

1.1.4. Policy making functions

Examination of the operating organization's documents detailing
structure, responsibilities and staffing arrangements is required together
with appropriate interviews to establish the precise authority and
responsibilities of the site/plant manager. Such documentation should
identify the following components of the operating organization's management.

(a) Policy making functions in relation to setting management objectives/
deciding resource allocations, approving management programmes,
communication of a high ethical standards and ensuring that safety
issues receive appropriate attention and priority, i.e. the existence
of a high level of safety culture. There should be a clear statement
of quality policy confirming managements commitment to quality.
The Quality Policy Statement should deal with:
i. individual'responsibility for quality of performance
ii. accountability for results achieved
iii. the quality assurance programme as a task to assist management

in promoting and assessing quality in operation
iv. worker responsibility for reporting conditions adverse to

quality
v. periodic assessments and reviews to evaluate the effectiveness

of the quality systems implementation

(b) Executive functions relative to the support of safe and efficient
operation of the plant and the development of performance indicators
to allow a concise overview of plant performance. Annual goals and
objectives should be formulated for all areas of plant operations and
support, including emergency preparedness, and communicated to site
personnel possibly using performance indicators for measurable goals.

16



(c) Specified levels of delegated authority related to assigned
responsibilities and the promotion of strong lateral and vertical
communications to encourage overall team work.

(d) A clear written policy on drug and alcohol use is available to all
employees, contractors and visitors.

1.1.5. Operating functions

Examination of documents and interviews of operating organization
managers are required to establish those executive support functions relative
to the responsibilities and accountability for safe, conservative and reliable
operation of the plant. Included will be executive functional
responsibilities, formulation of programmes, supply of human resources for
direct plant operations and the fostering of good lateral and vertical
communications between line and staff organizations in the area of operations
and maintenance.
1.1.6. Supporting functions

It is necessary to ascertain the scope of those staff services and
facilities which are provided complementary to the direct line operating
function for effective implementation of management programmes. When services
are provided from outside the operating organization, responsibilities shall
be allocated within the organization for specifying, controlling and
monitoring those services, to ensure effective co-ordination with the
activities of the plant organization without erosion of the responsibilities
of site management. The extent to which the services and facilities are
provided on and off the site and from within or outside the operating
organization will vary, but investigation is needed to ensure that the
following are adequately covered:

(a) Training
(b) Radiation Protection
(c) Chemistry
(d) Emergency Support Services
(e) Operational Services and Technical Support Services

1.1.7. Reviewing functions

The operating organization should monitor the plant's operating and
support functions to evaluate performance with stipulated objectives for the
safe operation of the plant, to reveal deviations, deficiencies and equipment
failures and to provide feedback for timely corrective actions. The oversight
function of a high level multidisciplined safety review committee or adequate
professional organization provide a good feedback mechanism available to
foster a commitment to a strong safety culture. The adequacy of the
activities in the following areas should be investigated:
(a) Assessments of subordinate activities by line managers:

Personnel performance evaluation programme
Off-hour plant tours
Personnel performance monitoring

- Achievement of goals and objectives
(b) Quality assurance:

- On-site quality assurance and quality control programmes
Equipment and material procurement quality assurance

17



(c) Independent review:
- Changes to operating procedures or plant modifications important

to safety should be assessed by independent review and/or
analysis by Safety committees

1.2. Plant organization and management

Reference; 1.2.A. Staffing of Nuclear Power Plants and the Recruitment,
Training and Authorization of Operating Personnel: A

N Safety Guide, Safety Series No. 50-SG-O1 (Rev. 1),
IAEA, Vienna (1991).

See also Ref. 1.1.A.

Objectives
1.2.1. The documented plant organization shall indicate the staffing
arrangement within the categories of direct line operating personnel and
supporting personnel. The extent to which the support functions are
self-sufficient or dependent upon services from outside the station
organization shall be demonstrated by functional organizational charts
including manpower resource allocation together with a specification of the
duties and responsibilities of key personnel.
1.2.2. The plant objectives shall be defined within the operating
organization's policies and objectives, and plant management programmes
implemented as the means by which the plant's objectives are achieved. A
management programme shall consist of a systematic application of planning
schedules, procedures, reviews and audits supported by appropriate resources.
Each programme should define the extent to which off-site resources are used
to supplement plant services and facilities.

1.2.3. Annual goals and objectives including performance indicators should
be written to provide plant personnel with specific goals to strive for.
Results of these goals should be trended, analysed and subsequently used to
provide corrective action.

1.2.4. Administrative procedures in the form of standing instructions or
rules, generally applicable to all personnel on site, should ensure safe and
effective methods of working.

1.2.5. The training of personnel at the plant is an important contribution
to excellence. Special training needs exist for each functional organization
and management must ensure that the responsibility for such training is well
understood by the function management and that appropriate resources and
facilities are available to the training organization to meet the various
training needs.

Preparatory work

1.2.6. Documents to be reviewed in advance (when available):
- Plant organization chart

Management sections of the Final Safety Analysis Report (FSAR)
Plant management objectives
Latest copy of the plant's monthly management report to the
operating organization

- Annual goals and objectives for the operating and support
organizations
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1.2.7. Documents to be made available for review at the plant:
- Job descriptions for senior managerial, professional and

supervisory staff of the station
- Schedule of delegated power of authority
- Descriptions of all plant management programmes
- All plant administrative or organizational procedures

Investigations

1.2.8. Structure and responsibilities

Ensure by examination of documents and by interviewing managers that
there exists a clear understanding of the division of responsibilities and
authority between all units of the plant organization, and between such units
and other parts of the operating organization and relevant outside
organizations providing services. Ensure that the different organizations and
plant personnel clearly understand their authority, responsibilities and
accountabilities, and check that staffing and resources are sufficient to
accomplish the tasks assigned. Determine that the number of personnel
reporting directly to one supervisor is not so large as to effect the
supervisor's ability to perform his duties.

1.2.9. Management objectives and programmes

Investigate the effectiveness and promulgation of goals and
objectives throughout the plant organization. Objectives should be
established for each management unit and reviewed as appropriate. Consistency
of the objectives of the operating organization, the plant, the departments
and the units should be evident. Adequate communication of these objectives
to personnel as well as management review to assess performance indicator
progress towards achievement of the objectives should also be evident.
(a) Goals and objectives approved by senior management should be

established to cover the following activities. Detailed examination
will be carried out in other sections but investigation is required
to establish that adequate managerial oversight and support is
applied to all the following activities:
- Training and retraining

Operations
Maintenance
Surveillance

- Technical/engineering support
Radiation protection

- Chemistry
- Emergency preparedness
- Quality assurance and quality control
- Fuel management
- Waste management
- Commissioning

(b) The overall planning and scheduling function, however achieved,
should ensure the effective integration of these activities wherein
all plant departments participate in complex operation and
maintenance activities. This co-ordination of activities becomes
particularly important during major plant outages or refuelling
operations. Areas of investigation should include the planning of
system and equipment clearances and radiological clearances for work
authorization; resource allocation for multiple department
activities; documentation control between departments; post
maintenance or post modification testing before restoration to
service; and assessment of progress and reports to management.
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(c) Operating history and departmental interface should be evaluated
using management reports. Included in this evaluation should be
performance indicators related to plant operating availability,
maintenance work requests, reactor trips, safety system actuations
and performance, radiation exposure data, industrial safety
performance and training programme attendance. In depth nuclear
industry and in-house operating experience analysis should be
completed and programmes and procedures changed to reflect the best
operating practices.

(d) The meeting of goals and objectives should be routinely monitored by
plant management. Managers and supervisors should be held accountable
for the achievement of assigned objectives.

1.2.10. Administration

Administrative procedures, rules or instructions should be provided
to achieve uniformity of performance in areas covering more than one
department. They should be checked to ensure that all aspects of the
programme are covered:

(a) An on-site check of the degree of conformity throughout the plant
should be conducted.

(b) Identification of plant equipment and components should be
consistent.

(c) The station's filing and records retention system, and the
development, authorization, control and review of station
documentation should be evident.

(d) Registers should be maintained of nominated persons to perform
specified functions under the site licence.

(e) An up to date index of departmental procedures, instructions and
drawings should be available. In addition to operating procedures,
such programmes as industrial safety, computer software control,
office hours and shift rotation, emergency plan administration, fire
fighting, first aid and medical treatment, physical protection and
site security, procurement, material control and storage, accident
reporting and investigation, public relations and interfaces with
other authorities, and general employee training should be addressed
by procedures.

(f) A system for tracking commitments and corrective actions should be
established. Corrective actions should be tracked to completion.

(g) Administrative procedures should be provided which clearly define the
responsibilities and authority for each department regarding the
various training programmes, such as operations, maintenance and
radiation protection.

1.3. Quality assurance programme
References; 1.3.A. Quality Assurance Auditing for Nuclear Power Plants: A

Safety Guide, Safety Series No. 50-SG-QA10, IAEA,
Vienna (1980).

I.3.B. Quality Assurance During Commissioning and Operation
of Nuclear Power Plants: A Safety Guide, Safety Series
50-SG-QA5 (Rev. 1), IAEA, Vienna (1986).
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I.3.C. Code on the Safety of Nuclear Power Plants: Quality
Assurance, A Code of Practice, Safety Series No.
50-C-QA (Rev. I), IAEA, Vienna (1988).

I.3.D. Regulatory Inspection of the Implementation of Quality
Assurance Programmes. A Manual, Technical Reports
Series No. 296, IAEA, Vienna (1989).

I.3.E. Quality Management for Nuclear Power Plant Operation;
A Manual, Technical Reports Series No. 315, IAEA,
Vienna (1990).

See also Ref. 1.1.B.

Objectives

1.3.1. The quality assurance programme should provide the means to evaluate
that site activities important to safety are operationally monitored and
assurance obtained that they remain within the design assumptions and
Operational Limits and Conditions. Verification of effective implementation
of the quality assurance programme should be performed by designated
individuals or groups from within or outside the operating organization, who
are knowledgeable and experienced in nuclear power plant operation and quality
assurance. In no case should individuals performing verification functions
have direct responsibility for the activity being verified.

1.3.2. Quality assurance requirements should be applied to activities such
as operations, maintenance, procurement of replacement items? tests or
experiments, changes of configuration and plant modification, which may be
undertaken by other units of the operating organization or by external
agencies. It should remain the responsibility of plant management to ensure
that arrangements are in place to control all activities affecting quality.

The quality assurance programme should not be considered relative to
just the QA unit since this is only responsible for implementation of one part
of the programme. Quality assurance is an essential aspect of "good
management" and should be evaluated to determine the level of support of all
managers and employees. A quality attitude will determine in a large part how
well an organization fulfills its overall objectives. Management review of
the status and adequacy of the quality assurance programme should be provided
at appropriate intervals.

1.3.3. The quality assurance programme is usually required to include two
types of functions:

- QA programmatic and evaluation functions
- Inspection and test functions

The QA programmatic and evaluation functions, which are sometimes
called "QA" functions for short, 'should encompass the activities of an
administrative or management nature that are necessary for ensuring that an
appropriate quality assurance programme is established and effectively
executed. Included are activities associated with the establishment and
management of the programme and the control of activities affecting quality.
An example of the "QA" activities is a sequence of audits to detect and have
deficiencies highlighted so that appropriate action may be taken and to
prevent future recurrences.

The inspection and test functions, or "QC" functions, should include
the activities for determining and assessing the acceptability of quality
achievement. Examples of these activities are the examinations and
measurements to determine the conformance of items with the specified
technical requirements.
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1.3.4. The review of the quality assurance programme should:

(a) take into account that the quality assurance approach may vary
somewhat among nations and among organizations, depending on the
cultural, historical and industrial backgrounds; and

(b) identify the present quality assurance activities and determine if
there is a need for improvement of the quality assurance programme as
an effective management tool.

The final goal of the review should be to assess the effectiveness of
the quality assurance programme in producing the required quality of
performance.

Preparatory work

1.3.5. Documents to be reviewed in advance (when available):
- QA section of the FSAR

Plant QA programme manual or descriptive document
- Periodic Assessment Reports

1.3.6. Documents to be made available for review at the plant:
- The plant QA programme description and associated documents

QA audit schedule and reports
Surveillance schedule and reports

Investigations

1.3.7. Examine the general aspects of the programme applicable to all
departments as well as the detailed application within each department.
Investigations should include spot audits of the QA programme as well as
detailed review of QA audits and reports.
(a) Both the initial and continuing training programmes provide and

maintain highly qualified personnel.

(b) Work activities receive the appropriate level of supervision as
warranted by their significance.

(c) All procedures are clearly written in an understandable standardized
format.

(d) Adherence to procedures is rigorously enforced.

1.3.8. Review the development and implementation of the programme in the
following areas:

(a) Although the extent of activities and the size of the QA unit will
vary according to the policy of the operating organization, it should
be defined and be sufficiently comprehensive to identify problems of
safety and quality and to recommend solutions in all areas and
activities that affect safe operation of the plant.

Typical indicators of inadequate quality assurance are :
i. inappropriate verification
ii. poor record keeping
iii. failure of supervision
iv. inadequate training
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(b) Managers and supervisors should actively support quality activities
and effectively secure commitment from personnel under their control.

(c) Activities affecting nuclear safety should be prescribed by written
procedures or instructions of a type appropriate to the circumstances
and should be accomplished in accordance with such documents.

(d) Procurement of replacement items should be controlled to ensure that
safety functions are not adversely affected.

(e) Tests and experiments and troubleshooting should be carried out
according to approved procedures.

(f) Changes of operating status or configuration of equipment and/or
systems should be controlled, especially the release of equipment or
systems for maintenance, modification and testing and their return to
service.

(g) Permanent and temporary plant modification should be controlled in
accordance with approved procedures.

(h) Ori-site surveillances of operation and other safety related
activities should be completed to verify adherence to implementing
procedures and support of quality programmes.

(i) A method for identification of root causes should be specified and
implemented for violations, deficiencies, non-conformances and other
abnormal occurrences.

(j) Conditions needing corrective actions should be identified and the
progress of corrections as well as final rectification should be
monitored and approved.

(k) Assessments, reviews and audits should be applied to appropriate
station activities. Periodic verification of programme effectiveness
should also be made at appropriate intervals.

(1) A satisfactory system is necessary for the filing and retrieval of QA
documents.

(m) Methods should be established for line management to assess the
performance of activities under their control. As such, performance
indicators should be established and deviations from performance
evaluated.

1.4. Regulatory and other statutory requirements

References: 1.4.A. Code on the Safety of Nuclear Power Plants: Operation,
Safety Series No. 50-C-O (Rev. 1), IAEA, Vienna (1988).

I.4.B. Code on the Safety of Nuclear Power Plants:
Governmental Organization, Safety Series No. 50-C-G
(Rev. 1), IAEA, Vienna (1988).

Objectives

1.4.1. The operational safety of the plant is subject to surveillance by the
regulatory body. The operating organization should give every assistance to
carry out its functions. Good liaison is essential to foster mutual
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understanding and respect in achieving the common objective of safe
operation. In addition statutory requirements of other government agencies '
may have to be observed.

Preparatory work

1.4.2. Documents to be reviewed in advance:
Responsibility and authority of regulating body
Organizational reporting chain for regulatory body

1.4.3. Documents to be made available for review at the plant:
- Site licence conditions and amendments

Statutory orders as applicable
Regulatory body reports to regulatory management or site/plant
management

Investigations

1.4.4. Establish the precise responsibilities within the operating
organization in respect of government legislation. The operating organization
will usually stipulate that the plant manager is legally responsible for
observing the conditions of the operating licence and the requirements of the
regulatory body. Further services may be provided within the operating
organization to support the site management, including independent inspection
services. However, these should in no way diminish the primary responsibility
of the plant manager for the safe operation of the plant.

1.4.5. Effective arrangements and appropriate documentation should exist to
ensure that the conditions of the operating licence and any amendments are
adhered to. Periodic updating of safety analysis reports and analysis of
inspection and incident reports should be evident. Information should be
passed to site personnel outlining the authority of regulatory body
inspectors. All plant personnel should be aware of their responsibility for
dealing with reportable incidents. Effective communication channels should
exist throughout the operating organization so that compliance with regulatory
requirements is assured and prompt reporting is executed where necessary.

1.4.6. The extent to which other statutory requirements overlap regulatory
requirements will depend on governmental policies and organization.
Investigation will be necessary to clarify the requirements and
responsibilities in respect of such additional items as:

(a) Conventional codes, standards and industrial practices such as
statutory periodic inspections, pressure testing and storage of
hazardous materials

(b) Conditions of work in industrial establishments, such as age
limitations, employment of women, working hours and safety

(c) Limitations in the industrial use of certain materials, such as
asbestos, toxic materials, hazardous chemicals and flammable liquids

(d) Special transportation requirements for hazardous materials
(e) Special radiological requirements, such as radioactive materials in

transit

(f) Environmental protection measures
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(g) Emergency preparedness interface with government/ state and local
authorities

1.4.7. Determine to what extent the regulatory organization conducts
inspections of the plant operations and documentation.

1.5. Industrial safety programme
Reference; 1.5.A. Reviewing Industrial Safety in Nuclear Power Plants,

Supplementary Guidance and Reference Material for IAEA
OSARTs, IAEA-TECDOC-535, IAEA, Vienna (1990).

Objectives
1.5.1. The operating organization should have a general policy on industrial
safety, which includes the measures taken to ensure the industrial health and
safety of personnel on the site is satisfactory. All elements of this safety
policy should appear in a plant safety manual while details should be included
in implementing procedures.

1.5.2. The industrial safety programme should be understood and adhered to
by all personnel on site. All personnel on site should be made aware of their
individual responsibilities with respect to these safety provisions.
1.5.3. The operating organization should appoint a suitable committee to
provide an independent overview of plant conditions. People are the most
important part of a strong industrial safety programme so peer representation
on the committee should provide for open discussions and expedient change to
unsafe practices.

1.5.4. The organization should have arrangements in place which require
evaluation of health and safety risks prior to start of work.
Consideration should be given to a programme of risk management and the
creation of a facility which allows for rewarding staff who actively
contribute to the safety ethics.
Preparatory work

1.5.5. Documents to be reviewed in advance (when available):
- Organizational chart, including functional responsibilities of

the safety officer, if applicable
- The operating organization's general industrial safety rules

1.5.6. Documents to be made available for review at the plant:
- Safety codes, procedures and instructions

Routine station safety reports and audits
Safety exercise reports
Reports of the industrial safety inspector

- Reports of industrial accidents and root cause investigations.
- Annual safety reports

Investigations

1.5.7. Determine by review that there are policies, programmes, procedures
and responsibilities assigned to ensure industrial safety in the work place.
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1.5.8. Review and evaluate the industrial safety programme and determine the
satisfactory inclusion and content of the following areas:

- Electrical and mechanical evaluation of tools
- Protective clothing and equipment use

Eye protection equipment
- Storage, use and disposal of hazardous chemicals
- Storage, use and disposal of hazardous substances (asbestos)
- Confined space entry
- Climbing equipment
- Lifting equipment
- Access and opening guards
- Training

. industrial safety programme

. first aid

. fire fighting

. heat stress

. respiratory protection

1.5.9. Check that the industrial safety programme contains the requirement
to review the programme on a set frequency, to evaluate the procedures on a
set frequency and that there is a surveillance programme for all industrial
safety hardware on a set frequency.

1.5.10. When a safety officer is included in the site organization the
duties, responsibilities and authority of the position should be specified in
writing. The safety officer should report to line management at the requisite
level to ensure sufficient authority and freedom of action in all areas on
site. If an industrial safety organization exists it should have a clear
organizational structure identifying functions, responsibilities and
communication links. If no safety official or organization exists then the
alternative allocation of responsibilities should ensure the avoidance of
interface problems and should make provision for independent review.

1.5.11. Determine that peer or safety committee overview is assigned and
programmatic changes are assessed and implemented as expediently as possible.
1.5.12. Ascertain by inspecting selected areas and activities on the site and
by interviewing appropriate individuals whether the safety rules, procedures
and instructions are being adhered to satisfactorily. Points of particular
significance should include current validation of safety equipment, such as
fire extinguishers and breathing apparatus. Industrial safety requirements
should be specified on a work authorization. The material condition of
infrequently used safety equipment such as showers or fire escapes should be
monitored. Check that priority assignment is given to any backlog of
identified deficiencies in industrial safety work.

1.5.13. Check that a requirement for job preplanning exists in the area of
industrial safety. Verify that a root cause evaluation is done for accidents
and are analysed to determine if preventive measures should occur.

1.6. Fire protection programme

References; 1.6.A. Fire Protection in Nuclear Power Plants: A Safety
Guide, Safety Series No. 50-SG-D2, IAEA, Vienna (1979).

I.6.B. Reviewing Fire Protection in Nuclear Power Plants,
Supplementary Guidance and Reference Material for IAEA
OSARTs, IAEA-TECDOC (in preparation).
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Objectives
1.6.1. The fire protection programme should take account of the appropriate
codes and standards and incorporate procedures for system operation,
procedures for surveillance testing and maintenance. A fire fighting plan that
takes into consideration numbers of personnel, area fire loading, types of
fire suppressions systems and methods to mitigate the effects of a fire should
be available.

1.6.2. The fire protection system should be an initial design consideration
with diverse means to protect against fires and fire related explosions.
Design consideration should be given to protection of safety related systems
based on hazards analysis.

Diverse monitoring and protection systems should exist with both
automatic and manual initiation capabilities and fail safe supervision and
alarms. Fire suppression systems for example water, CÛ2 or Halon should be
matched through engineering evaluation dependent on needs.

1.6.3. The fire protection programme should also take into account the
necessary training of fire brigade members, fire brigade backup support,
required realistic drills and a defined chain of command for on the scene
emergency conditions.

1.6.4. Procedures should exist within the station to provide control of
combustible materials, the temporary disabling of fire barriers or fire
suppression and detection systems. General training relative to fire hazards,
flooding, secondary effects of fires and fire zone protection should be
provided to station personnel.
Preparatory work

1.6.5. Documents to be reviewed in advance:
Organization chart with functional areas related to fire
protection

- The fire protection programme if available

1.6.6. Documents to be made available for review at the plant:
- Fire protection programme
- Implementing procedures

Surveillance procedures
- Fire hazards analysis

Training and fire drill records

Investigations

1.6.7. Verify that the fire protection design is adequately translated in
construction and as prescribed in the FSAR (Final Safety Analysis Report).
Determine that equipment was procured with adequate quality specifications to
ensure reliability during plant life. Verify that adequate system capacity is
available for design modifications. Also, that capacity is verified during
the design change process along with the country codes and standards.

1.6.8. Review the fire protection training programme to ensure it adequately
meets the need of the station. Areas that should be evaluated are:

(a) Training personnel qualifications (on-site/off-site)
(b) Special equipment training
(c) Facilities for realistic training
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(d) Training department feedback from operations and other users
(e) Trainee records
(f) Review of lesson plans for adequacy
(g) On-site/off-site common drills
1.6.9. Review ongoing surveillance test programmes used to verify the
continued adequacy of the fire protection systems. Systems should be tested
such that adequacy is verified using the normal suppression mediums, for
example carbon dioxide, and that suppression spray patterns, chemical
concentration and automatic equipment actuation are maintained. Ensure that
portable fire fighting equipment is maintained in workable condition.

1.6.10. Review the measures in place for the maintenance of fire barriers
such as fire stops, fire doors, cable penetration and that controls are
written to ensure that barriers are returned to normal service after
maintenance or modifications.

1.6.11. Ensure through review of administrative procedures that an on-shift
fire brigade is available at all times, that personnel have the necessary
qualifications and that guidance is in place for corrective action relative to
any short fall of personnel or equipment. Verify that fire control strategies
are available to the fire brigade which indicate; fire loading, entrance
methods, equipment power supplies, personnel evacuation routes and smoke and
water evacuation plans.

1.6.12. Where site fire fighting capability is supplemented by assistance
from local civil fire fighting organizations determine if the outside
organization is properly trained and equipped to provide meaningful support.

1.7. Document control and records management

Reference; 1.7.A. Quality Assurance Records System, a Safety Guide,
Safety Series No. 50-SG-QA2, IAEA, Vienna (1979).

Also see Refs. 1.1.A and I.3.B.

Objectives
1.7.1. Documentation comprises recorded information which describes,
defines, specifies, reports or certifies designated activities, requirements,
procedures or results. The administrative control of documentation to the
required standards of quality assurance should be achieved by the application
of general administrative procedures augmented as necessary by detailed
departmental instructions and procedures.

1.7.2. Records management is a system or method of control, which includes
document control and should be used for all documents, for example those
related to plant operation and maintenance, surveillance testing, vendor
technical information, engineering design calculations, etc.., and the control
of these records to the required standards of quality assurance.
Categorization of material, microfilming of records and maintenance of updated
plant drawings would enhance record management.
Preparatory work
1.7.3. Documents to be reviewed in advance:

None.
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1.7.4. Documents to be made available for review at the plant:
All general administrative instructions and procedures related to
document control and records management

- Index of departmental procedures relevant to documentation

Investigations

1.7.5. Instructions and procedures

Production and control of all instructions and procedures should be
standardized and enforced by administrative measures to ensure the following:

(a) Each procedure or instruction shall be sufficiently detailed that a
qualified individual can perform the required function without direct
supervision (see Safety Series No. 50-SG-QA5, Rev. 1, for recommended
format and contents of procedures).

(b) Procedures or instructions shall be reviewed/ verified and approved
at the appropriate level in the station organization before issue.

(c) The frequency or circumstances determining subsequent reviews shall
be specified and measures implemented to ensure compliance.

(d) Designation of instructions or procedures should differentiate
between mandatory or reference status, should provide an
identification number and a revision number or date, and should show
the approval status.

(e) Temporary procedures and instructions should only be issued under
appropriate controls that limit their area of application and their
period of validity.

(f) Periodic audits are conducted to ensure that invalid or out of date
procedures and instructions are not in use.

(g) A system should be in place to ensure that out of date procedures are
removed from use.

1.7.6. Records

It is necessary to review arrangements made for the production of all
records to prescribed standards and format. Procedures should also be
established for issuance, dissemination, review and periodic updating of these
documents.

A systematic records management system is essential for the
assessment of the implementation of the quality assurance programme, the
demonstration of plant operation in a safe and reliable manner, and the
collection of data for in-service inspections, design liaison or the
investigation of abnormalities. Investigation of the records control process
is conducted by selected sampling, but specific details in each department are
left to other experts. Generic aspects to be investigated should include:

(a) Categorization of permanent and non-permanent records including their
indexing and identification.

(b) Stipulation of retention periods, taking into account regulatory
requirements.
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(c) Establishment of procedures for correcting records or inserting
supplements.

(d) Receipt control/ including completeness reviews.

(e) Retrieval, accessibility and disposal arrangements.

(f) Suitability of storage arrangements, including considerations of fire
protection and security.

(g) Requirements for duplication of records and separate storage.

(h) Preservation of records to include measures to prevent deterioration
with particular attention to special arrangements for radiographs,
photographs, microfilm and magnetic tapes.

(i) Periodic review by sampling and inspection.

1.8. Physical protection and site security programme (optional)

Reference : None.

Objectives

1.8.1. The security group must as a major objective provide nuclear security
for the protection of the public through prevention or deterrence of
intrusion, theft, surface attack and internal or external sabotage of safety
related systems and nuclear materials.

1.8.2. The security group should have plans and procedures in place to
provide industrial security of the owner controlled property in the event of
labour problems or civil disturbances through vehicle entrance and exit
control, vehicle parking and traffic control and access control.

1.8.3. Hardware and software should be maintained as problem free as
practical such that protective barriers are continuous and control and
monitoring is not dependent on compensatory measures.

1.8.4. Access and background screening control should be such that
unauthorized access is not possible.
1.8.5. A fitness for duty programme should be in place and instructions
should be be detailed enough that security personnel can easily understand
them during off hour times when a fitness for duty situation may arise.

Preparatory work

1.8.6. Documents to be reviewed in advance:
- None - documents are normally of a proprietary nature and no

advance documents would be expected
1.8.7. Documents to be made available for review at the plant:

- Security plan
Post orders
Security group implementing procedures
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Investigations

1.8.8. Inspect site security boundaries for continuity and determine that
physical and electronic barriers are suitable for the intended function.
1.8.9. Determine through report review that security system hardware is
maintained to high standards.

1.8.10. Review security post orders for clarity and completeness of all
relevant situations. Interview selected security personnel to assess their
knowledge of the security post orders.

1.8.11. Review access control for weaknesses that could potentially allow
unauthorized access.

1.8.12. Review fitness for duty and background screening records for trends
that show weakness in control methods.

1.9. Management, Organization and Administration — Checklist

1.9.1. Structure of operating organization, responsibilities and
administration

o Organization charts
- hierarchy
- functional

o Facilities and facility control
o Policy making procedure and policy documents
o Method for allocation of resources

- financial
- human
- material

o Delegation of authority
o Provision of technical and administrative services
o Communication of ethical and safety culture standards
o Information flow between departments

- routine
- prior to/after special events

o Management section of the FSAR
o Communications between support and direct operating departments
o Job descriptions
o Staff size
o Performance appraisals
o Safety committee terms of reference and charters
o Organizational assessments
o Policy for drug and alcohol use and control

1.9.2. Plant organization and management

o Goals and objectives
o Performance indicators
o Operating department reports
o Policy and programme implementation
o Communication of ethical and safety culture standards
o Methods used for managerial oversight
o Supervisor - subordinate ratio
o Feedback on support programmes

- training
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o Planning and scheduling effectiveness
o Work order backlogs
o Procedure backlogs
o Maintenance work backlogs
o Amount of maintenance rework
o Programme control
o Industrial safety statistics

1.9.3. Quality assurance programme

o Scheduling for activities
- audits
- inspection
- surveillances

o Programmes and procedures
o Quality attitude and collaboration with other departments
o Level of review and corrective actions required
o Root cause evaluation of quality trends
o Documentation methods

1.9.4. Regulatory and other statutory requirements

o Contact with regulatory personnel
o Ability to work together
o Attitude of regulators and plant personnel
o Organization reports
o Problem reports and resolution
o Regulatory body management reports
o Responsibilities
o Attitude toward compliance
o Additional statutory requirements
o Regulatory inspections

1.9.5. Industrial safety programme

o General policy
o Programme elements
o Communication of individual responsibilities
o Peer involvement
o Safety officer qualification
o Department staffing
o Routine reports and statistics
o Safety tour schedule

- safety officer
- management

o Industrial safety attitude in work force
o Industrial safety attitude in management
o Safety equipment availability and use

1.9.6. Fire protection programme

o FSAR design bases
o Required codes and standards
o Testing responsibilities
o Surveillance schedules
o Diversity of fire protection systems
o Fire brigade training
o Drills and requirements for attendance per year
o Inspect for transient combustibles
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o Housekeeping
o Fire hazards analysis
o Equipment inspection
o Common on-site/off-site drills
o , Training facilities
o Policy on fire protection programmes
o Local civil fire fighting support

1.9.7. Document control and records management
o Records retention categories

- mandatory
- reference

o QA records standards
o QA records standards
o Facilities
o Vaults and storage capabilities
o Retrieval systems and organization
o Regulatory retention standards
o Document transmittal controls
o Records duplication requirements

1.9.8. Physical protection and site security programme (optional)

o Site tour
o Security plan
o Access control points
o Background screening
o Fitness for duty programme
o Security post orders
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2. TRAINING AND QUALIFICATION

Adequate training of plant personnel is essential for safe nuclear
power plant operation. The degree and extent of training required for a
particular individual will vary, depending on previous qualification and
experience, and the duties and responsibilities assigned. There may also be
differences between the school systems in various countries which may
influence the training required at technician and worker level. It is the
responsibility of the operating organization to ensure that all plant
personnel receive appropriate training and that only personnel with suitable
qualifications are assigned job functions at the nuclear station. During
employment, qualifications are maintained by participation in continuing
training programmes that are directed towards maintaining and upgrading the
skills of the station personnel.

2.1. Organization and functions

References; 2.I.A. Guidebook on Training to Establish and Maintain the
Qualification and Competence of Nuclear Power Plant
Operations Personnel, IAEA-TECDOC-525, IAEA, Vienna
(1989).

2.I.B. Manual on Training, Qualification and Certification of
Quality Assurance Personnel, Technical Reports Series
No. 262, IAEA, Vienna (1986).

Also see Ref. 1.2.A.
Objectives

2.1.1. The plant manager is responsible for the qualification of plant staff
and should support the training organization with necessary resources and
facilities. The training organization is responsible for assisting the plant
manager in establishing, verifying and maintaining the competence of plant
staff. Line managers and supervisors should be responsible for the
qualification of their personnel and involved in defining the training needs
and ensuring that the training provided reflects operating experiences.

2.1.2. Performance based programmes for initial and continuing training
should be developed and implemented with a systematic approach for each major
group of personnel. The content of each programme should be based on job and
task analysis ensuring the necessary knowledge and skills are incorporated.
The programme should be constructed to allow for updating when changes in the
tasks, plant systems or procedures are made.

2.1.3. Qualifications of each individual should be assessed against
established training objectives and performance criteria during and after the
training and before assignment to a new job and periodically thereafter.
Individual training records should be maintained.

2.1.4. The training instructors should be technically competent in their
assigned areas of responsibility and have credibility with the trainees and
other station personnel. In addition, the instructors should successfully
complete a programme for developing instructional skills and have some
knowledge of adult education and in the systematic approach to training.

Preparatory work

2.1.5. Documents to be reviewed in advance (when available):
— Organization chart showing training staff, its position and

contacts
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- List of regulations, guides and administrative procedures
applicable to training

- Short description of the training centres playing a major role in
training

2.1.6. Documents to be made available for review at the plant:
Job description and training records for full and part-time
training staff
Results of job and task analysis or other documents proving the
adequacy of training content

- Other administrative procedures related to training
Training programmes for various personnel groups and the
individual training plans
Training course material and written material related to
classrooms, simulators and on-the-job training
Reports on training audits
Qualification test sheets

- Training records
- Table of hours of continuing training provided to different

personnel groups during the previous year

Investigations

2.1.7. Review the structure and tasks of the plant training organization.
Assess the adequacy of the manpower for:

- Training administration and programme planning,
- Development of training courses, and providing actual training

(instructors)
- Production of training material, and maintenance of training

facilities and equipment.

2.1.8. Review the responsibilities assigned to the full-time training
staff. Compare these responsibilities with those of line managers and
supervisors relating to the training and qualification of their subordinates.
Review the policy and role of plant management in allocating resources for
training.

2.1.9. Determine the training services provided by external organizations,
and assess whether they are adequately monitored and controlled.

2.1.10. Evaluate the training and qualification of the instructors, checking
in particular for:

- Previous work experience and training, to provide valid technical
knowledge and credibility with the students

Experience and training to ensure adequate knowledge and skills
in areas such as learning psychology, adult education, teacher's
role, presentation skills and systematic approach to training

- Methods employed to maintain and improve the technical knowledge
and the instructional skills of the instructors
Methods employed to keep the instructors up-to-date with the
routines and work practices at the workplace

Methods employed to evaluate instructor performance and
qualifications

35



2.1.11. Review the common features of the training programmes, to get a good
overall picture of the approach used in training. Pay attention especially to
the following topics:

Basis and methods used to ensure that the relevant knowledge and
skills are included in the initial training programmes for
various personnel groups: requirements and standards, degree of
involvement by line managers, job and task analysis
Basis and methods used to develop the continuing training
programmes for various groups of personnel: selection of topics
to be refreshed, basis for selection of topics (tasks frequency,
difficulty, etc..)/ degree of involvement by line managers, plant
modifications, experience feedback

- Documentation of the training programmes: courses to be included
and their respective lengths

- Documentation of training courses: learning objectives, lesson
and exercise plans, instructor guidelines, visual training aids,
student reading material, methods for verifying the learning
results
Material supporting on-the-job training: objectives and
performance criteria, tutor guidelines, qualification check
sheets, evaluation practice

- Methods used to assess and improve the training programmes in
general, and the individual courses: audits by line managers, QA
and other audits, feedback from trainees, use of assessment
results for improvements

- Methods applied for -nonitoring the changes in tasks, systems or
procedures at the plant and for the implementation of the
corresponding revision of the training programmes and material,
ensuring the training content reflects the actual status at the
workplace and that 'negative learning1 is avoided

2.1.12. Review the administrative aspects of the implementation of the
training programmes:

- Annual development of the individual training plans
- Allocation of time for training
- Course management
- Enforcement and control of attendance at the scheduled training

Training records systems

2.1.13. Review the methods used in qualifying individuals for their jobs:

- Examinations
Demonstration of skills

- Performance in trainee position
- Qualification manuals

2.1.14. Review the training records to get an overall picture of the amount
of training actually provided to various personnel groups. Assess whether the
records are up-to-date, complete, and easily retrievable.
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2.2. Training facilities, equipment and material
References; Same as 2.1

Objectives
2.2.1. Adequate facilities should be available for classroom training and
individual studies. Representative simulator facilities should be available
for training of the operating personnel. Maintenance personnel should have
access to workshops and laboratories that are equipped with mockups and
models, for training on maintenance activities that cannot be practiced with
actual equipment (high dose rates, etc.).
2.2.2. Educational training material should be provided to facilitate the
trainees' understanding of the plant and its systems. The effectiveness of
classroom instruction should be enhanced by the use of visual aids. Detailed
technical documentation should also be available in the training facilities,
to be used as reference material.

2.2.3. A method should be in place for timely modification and updating of
the training facilities and material to ensure that they reflect modifications
and changes made at the plant.
Preparatory work

2.2.4. Documents to be reviewed in advance:
Description of the training facilities

2.2.5. Documents to be made available for review at the plant:
Records of the simulator validation tests
Records of simulator hardware and software updates
Course material for various training courses

Investigations

2.2.6. Assess the adequacy of the conventional training facilities by
examining:

- Classrooms
- Classroom equipment such as Videorecorders, film projectors,

overhead projectors and educational models and drawings
Dedicated study rooms with reference material
Offices of the training staff

2.2.7. Review the laboratories and workshops that are used for practical
training. Assess the extent to which the available equipment represents that
at the plant.
2.2.8. Evaluate the simulator facility where the plant operators are trained
for:

- Similarity of the simulator control room to the actual control
room, including the working environment, such as use of
documentation, logging systems and communication systems

- Similarity of the simulator systems behaviour to actual plant
systems behaviour. (It is sometimes possible to adapt system
models when the simulator is not plant specific.)
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t- Simulator capabilities: simulation of randomly selected failure
combinations, simulation of severe transients and loss of coolant
events, modelling of auxiliary systems

- Instructor aids: isolated booth, means for freeze and back track
of simulation, automatic records of the operator actions and
systems behaviour, video cameras

Methods used to validate the simulator models

- Updating of the simulator models and simulator documentation, to
reflect modifications at the plant

2.2.9. Review sample course material to assess whether the educational
aspects and easy comprehension have been emphasized. Review also the quality
of visual aids such as video tapes, films, slides and viewgraphs.

2.2.10. Determine how the course material and the reference material are kept
current and accurate. Check the facilities and methods for the production of
new and updated material.

2.3. Control room operators and shift supervisors

References; Same as 2.1.

Objectives

2.3.1. The control room operator and shift supervisor training and
qualification programme should develop and improve the knowledge and skills
necessary to perform assigned job functions. Control room operators and shift
supervisors are the personnel responsible for directing those who manipulate
the controls in the control room and on the plant. Their training programme
should develop and maintain adequate knowledge and skills to ensure that they
are able to:

- Monitor and control the plant systems status in accordance with
relevant rules, operating instructions, technical specifications
and administrative procedures

- Conduct all operations in a safe and reliable manner, without
causing excessive thermal or mechanical load to the plant
equipment

Take correct actions in response to various abnormal conditions,
and bring the plant to safe shutdown whenever needed

Preparatory work

Documents to be reviewed in advance (when available):
Organization chart showing training staff, its position and
contacts

- List of regulations, guides and administrative procedures
applicable to training
Short description of the training centres playing a major role in
training

Documents to be made available for review at the plant:
- Job description and training records for full and part-time

training staff
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- Other administrative procedures related to training
Training programmes for various personnel groups and the
individual training plans

- Training course material and written material related to
classroom-, simulator- and on-the-job training

- Reports on training audits
Qualification test sheets
Training records

- Table of hours of continuing training provided to different
personnel groups during the previous year

Investigations

2.3.2. Review the initial training programme and the basis and methods used
for its development ensuring that the programme is comprehensive. Assess the
adequacy of the programme scope and the total time needed to accomplish the
initial training. Look for the following :

The tasks required for competent job performance are identified
and included in the training programme

- The training content is defined in learning objectives specifying
the knowledge and skills needed to perform the defined tasks
The trainees are evaluated against the performance criteria
specified in the learning objectives

- Changes in the tasks, systems or procedures are monitored and the
training objectives, materials and facilities are revised
accordingly

2.3.3. Review examples of the training course material and if possible
attend classroom lessons. Assess:

- Quality of the instructor guidelines
Quality of the instructor guidance and visual training aids
Quality of the student reading material and that the training
objectives are included
Adequacy of means used to verify learning results

- Quality of the instruction

2.3.4. Determine how practical training is developed and conducted. The
elements of this training should include full scope simulator training, and
on-the-job training. With respect to on the job training, look for the
following:

Formal structure and well defined contents for each part of
practical training

- The learning is supported by well designed and current training
material
Definition of learning objectives and standards for successful
completion of training
Assignment of dedicated instructors or tutors for each part of
practical training
Close monitoring and recording of training successfully
accomplished

2.3.5. Observe and review the conduct of full scope simulator training. Pay
attention to the following:

Structured course programmes
- Written plans for each training session
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Training on normal start-up and shutdown operations
- Training on how to diagnose and correct small failures that occur

during normal operation
- Coverage of transient and accident situations
- Simulation of the actual plant atmosphere: team work

communications, administrative controls, use of procedures and
technical specifications (operating limits and conditions)

- Interaction between the instructor and the trainees during
exercises

- Adequacy of pre-exercise briefings and post-exercise critiques
- Observation and evaluation of the performance of the trainees

2.3.6. Determine whether drills, exercises or walk-throughs are included in
the training programme to cover topics which cannot be practiced on the
simulator. Examples could be plant shutdown without access to the control
room or response to severe accidents.

2.3.7. Review the overall programme for continuing training and the latest
annual continuing training plan. Discuss the methods and principles used to
develop annual training plans. Evaluate the following:

- Basis for selection of tasks to be included in continuing training
- Involvement of operations management in planning and assessing

continuing training
- Time allocated for continuing training and means to control

attendance of individual trainees
- Training given to complete shift teams, versus individual

training
- Balance between classroom, simulator and other practical training

Periodic refreshment of plant systems knowledge in the classroom
Periodical refreshment of emergency operating procedures and
other important but seldomly needed procedures at full scope
simulator

- Incorporation of plant modifications (hardware, procedures) and
operating experience, both from the plant and industry wide, into
the annual training plan

- Trends in job performance >
- Training for emergencies
- Periodic refreshment of general employee topics (see. 2.10)
- Sample training records of some experienced control room

operators and shift supervisors

2.3.8. Determine how the qualifications of the control room operators and
shift supervisors are verified and whether they are formally authorized before
being allowed to assume independent shift duties. Also, determine how
maintenance of the qualifications and competency is verified.

2.4. Field operators

References; Same as 2.1.

Objectives

2.4.1. The field operator training and qualification programme should
develop and improve the knowledge and skills necessary to perform assigned job
functions. Field operators are the personnel who operate equipment outside
the control room in accordance with relevant instructions and procedures, as
requested by the control room staff. Their training programme should develop
and maintain knowledge and skills in the same areas as the programme for
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control room operators but it should emphasize practical work specific
topics. Well trained field operators should be able to:

- Monitor the equipment performance and status in the field and
recognize any deviations from the normal conditions

- Conduct all field operations in a safe and reliable manner,
without causing unacceptable risks to plant

Preparatory work
Same as for 2.1.

Investigations
2.4.2. Review the initial training programme and the basis and methods used
for its development ensuring that the programme is comprehensive. Determine
whether the training is oriented to the qualifications required in field
operator duties, as opposed to utilizing courses developed for control room
operators. Determine the involvement of the line organization in training
development. Assess the adequacy of the programme scope and the total time
needed to accomplish the initial training. In particular review activities
specified under 2.3.2 and 2.3.3.

2.4.3. Review examples of the training course material and, if possible
attend, classroom lessons. Assess the items specified under 2.3.3.

2.4.4. Determine how practical training is developed and conducted. Look
especially for utilization of laboratory equipment and other training tools,
such as basic principle simulators, to support theoretical training on
fundamentals. Make a thorough assessment of the methods applied in on-the-job
training, especially:

- Well designed training material
Formal structure and well defined contents and objectives
Dedicated tutors and the responsibility assigned to them
Monitoring and recording of tasks performed by the trainees
Criteria for successful completion of training

2.4.5. Review the overall programme for continuing training and the latest
annual continuing training plan. Evaluate the following:

Basis for selection of tasks to be included in continuing training
Time allocated for continuing training and means to control the
attendance of individual trainees

- Involvement of the line organization in development of the
continuing training

- Balance between classroom and practical training
- Periodic refresher training in tasks that are not routinely

performed, plant systems knowledge and general employee topics
(see 2.10)

- Incorporation of plant modifications and operating experience,
both plant and industry wide, into the annual training plan

- Sample training records of some experienced staff members.
2.4.6. Determine how the qualifications of the field operators are verified
initially and periodically thereafter.
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2.5. Maintenance personnel

References: Same as 2.1.

Objectives
2.5.1. The maintenance personnel training and qualification programme should
develop and improve the knowledge and skills necessary to perform assigned job
functions. Maintenance personnel are responsible for carrying out preventive
and predictive maintenance, repairs and plant modifications. Included within
maintenance staff are work planning, mechanical, electrical, and
instrumentation and control personnel. Their training programme should
develop and maintain general knowledge of the nuclear power plant,
significance of items related to safety, safety risks involved in their work
and methods to minimize the risks. Special training provided to individuals
should develop their craft skills and ensure qualifications on equipment to
which they are assigned to work.

Preparatory work

Same as 2.1.
Investigations
2.5.2. Review the initial training programme and the basis and methods used
for its development ensuring that the programme is comprehensive. Determine
the degree to which the line organization is involved in training
development. Assess the adequacy of the programme scope and the total time
needed to accomplish the initial training. In particular review activities
specified under 2.3.2.

2.5.3. Determine how the special maintenance craft skills are being
developed. Assess the adequacy of the workshop and laboratory training.
Determine how the skill levels are verified, as a prerequisite to carry out
demanding tasks such as welding of pressure vessels. Review examples of the
training course material and if possible attend classroom lessons. Assess the
items specified under 2.3.3.

2.5.4. Review the methods for training and qualifying maintenance personnel
to work on specific equipment. This training could consist of:

On-the-job training under supervision of a designated tutor
- Training on models or mock-ups in laboratories and workshops
- Training by manufacturers.

2.5.5. Review the overall programme for continuing training and the latest
annual continuing training plan. Specifically evaluate the items specified
under 2.4.5.

2.6. Technical support personnel

References; Same as 2.1.

Objectives
2.6.1. The technical support personnel programme for training, qualification
and continuing training of personnel should be such as to enable them to
attain and maintain competence in order that they can perform their duties and
responsibilities in a safe and efficient manner. They should receive overall
operational training commensurate with their duties and responsibilities.
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These personnel should have knowledge of the operational features of the plant
and preferably possess 'hands on' experience.

Technical support personnel are responsible for providing the
supporting technical services required for achieving safe operation. The
scope of the services includes, among other things: reactor physics and core
management, chemistry/ radiation protection, surveillance and testing,
planning, performance and plant engineering, safety analyses and reviews,
emergency preparedness, records administration and documentation, quality
assurance.

Preparatory work

Documents to be reviewed in advance:
None.

Documents to be made available for review at the plant:
- Training procedures for technical support personnel
- Training records for some technical support personnel

Investigations

2.6.2. Review the programme established for initial training of these
personnel. Review some specific groups, such as engineers working in the
areas of performance and plant engineering. The training needs should be
identified through some logical and systematic approach. Factors to be
considered in determining such training needs should include the current
knowledge and skills of the individual in relation to those required for the
position, academic qualifications and job related experience and training.

2.6.3. Review examples of the training course material and if possible
attend classroom lessons. Assess the items specified under 2.3.3.

2.6.4. Review the continuing training programme for these personnel. Their
continuing training programmes should reflect the special needs in that
category of trainees. Included in the continuing training should be an update
on plant and procedure changes or modifications, operating experience gained
in-house and industry wide as well as trends in job performance by category of
trainees. Assess the conduct of training and continuing training programmes
and determine what measures are taken to improve the training and continuing
training programmes.

2.7. Radiation protection personnel

References; Same as 2.1.

Objectives
2.7.1. The radiation protection personnel training and qualification
programme should develop and improve the knowledge and skills necessary to
perform assigned job functions. Radiation protection personnel provide
guidance to other personnel on measures to limit radiation exposures. At most
plants they also have the responsibility for maintenance of the radiation
protection equipment, exposure control, personnel monitoring, contamination
control, area radiation monitoring, and effluent control. At some plants they
are also responsible for decontamination and the collection, processing,
packaging, storage and shipment of solid radioactive waste. They should be
trained in these special topics, and in addition, they should be given
instruction on the general features and purposes of plant systems and the
plant layout.
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Preparatory work
Same as 2.1.

Investigations
2.7.2. Review the initial training programme and the basis and methods used
for its development. Determine the degree to which the line organization is
involved in training development. Assess the adequacy of the programme scope
and the total time needed to accomplish the initial training. In particular
review activities specified under 2.3.2.

2.7.3. Review examples of the training course material and, if possible,
attend classroom lessons. Assess the items specified under 2.3.3.
2.7.4. Determine how on-the-job training or equivalent practical training is
developed and conducted. Assess the items specified under 2.4.4.
2.7.5. Review the overall programme for continuing training and the latest
annual continuing training plan. Specifically, evaluate the items specified
under 2.4.5.

2.8. Chemistry personnel
References: Same as 2.1.
Objectives

2.8.1. The chemistry personnel programme for training, qualification and
continuing training of personnel should be such as to enable them to attain
and maintain competence in order that they can perform their respective duties
and responsibilities in a safe and efficient manner. They should receive
overall operational training commensurate with their duties and
responsibilities. These personnel should have knowledge of the operational
features of the plant and 'hands on1 experience. Chemistry personnel perform
chemical surveillance of relevant plant parameters and may operate chemistry
related systems.

Preparatory work

Documents to be reviewed in advance:
None.

Documents to be made available for review at the plant:
Training procedures for chemistry personnel

- Records of training of some chemistry personnel

Investigations

2.8.2. Review the training programme established for initial training of
these personnel. The training needs should be identified through some logical
and systematic approach. The training should consist of formal training in
the classroom with intervals of practical training. Particular review
activities specified under 2.3.2.

2.8.3. Review examples of the training course material and if possible
attend classroom lessons. Assess the items specified under 2.3.3.
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2.8.4. Determine how practical training is developed and conducted. The
elements of this training should include laboratory instruction, on the job
training and walk-throughs. Qualified personnel responsible for conduct of
the training and responsible for evaluation of trainee performance should be
designated. Especially look for items specified under 2.4.4.

2.8.5. Review the continuing training programme for these personnel. Assess
the conduct of training and continuing training programmes/ and determine what
measures are taken to improve the training and continuing training programmes.
Specifically evaluate the items specified under 2.4.5.

2.9. Managers and supervisors

References; Same as 2.1.

Objectives

2.9.1. The plant should have a management development programme to ensure
that an adequate number of experienced and qualified staff are available to
fill any manager or supervisor position, in the event that a position is
unexpectedly vacated. Furthermore, there is a continuing need to develop and
improve the skills of those who will be, or have recently been appointed to
their initial supervisory position. The managers, supervisors and candidates
for such positions should participate in a training programme that provides
management and supervisory skills appropriate for their respective positions.

2.9.2. A technical training programme for the technical staff, their
managers and supervisor, should be in place that broadens their overall
knowledge of the plant processes and equipment as a supplement to position
specific education and training. They should also attend continuing training
in their areas of responsibility, in order to maintain current technical
knowledge and to be able to supervise training of their staff. Those having
responsible positions in emergency preparedness organization should be
specially trained for their emergency duties.

Preparatory work

Same as 2.1.

Investigations

2.9.3. Review the plant policy for securing availability of well trained and
experienced persons in managerial and supervisory positions. Review the
inibial and continuing training programmes for developing and maintaining
technical knowledge, management and supervisory skills and knowledge on plant
administration. Look for courses on topics such as:

- Management techniques: leadership and the managers role, planning
and scheduling, information transfer, problem solving, decision
analysis

- Supervisory skills: work and people management, interpersonal
communication, behavioural sciences

- Work legislation and other relevant codes, standards and
regulations
Administrative matters: personnel administration, procurement,
budgeting, cost control, interfacing with external organizations
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2.9.4. Review the training records of some key managers to assess their
participation in the continuing training in job related technical areas. Also
determine how they refresh their knowledge on general employee topics (see
2.10). ,

2.9.5. Review the training given to managers having responsible positions in
the emergency preparedness organization. Assess the adequacy of the
structured training courses on emergency preparedness, co-ordinated
participation in drills, and maintenance of technical qualifications necessary
to cope with the assigned emergency duty.

2.9.6. Review the training programme for supervisory development.

2.10. General employee training
References; Same as 2.1.

Objectives
2.10.1. All new employees starting work at nuclear power plants should be
introduced to their work environment in a systematic and consistent manner.
General employee training (GET) programmes should give new employees a basic
understanding of their responsibilities and safe work practices, and the
practical abilities to protect themselves from hazards associated with their
work. Hands-on training in radiation protection actions, which are common to
all station personnel, should be provided to all who work in radiologically
controlled areas. Such training should include the use of protective clothing
and the conduct of personnel contamination surveys. The depth of the
knowledge to be provided on each topic should be commensurate with the duty
and position of the person. Refresher training on GET topics should also be
periodically provided.

Preparatory work

Same as 2.1.

Investigations

2.10.2. Review the various courses and practical training provided to new
employees on topics such as:

- Industrial safety: electrical safety, rigging and lifting, work
in confined spaces, chemical hazards, use of personnel protection
equipment, first aid
Radiation protection (including practical training in protective
clothing use and personnel contamination surveys)
Fire protection, including fire prevention
Procedures and their use
Quality assurance 'and quality control
Plant physical security

- Emergency plans
Introduction to plant organization and administration

2.10.3. Assess the adequacy of alternative training courses that can be
provided on each topic, to meet the needs of various personnel groups. Also,
review examples of the training course material and if possible attend
classroom lessons. Assess the quality of the courses in the same way as in
connection with the control room operator training courses (section 2.3).
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2.10.4. Review the methods used to refresh and strengthen the knowledge of
the continuing employees on the GET topics. Specifically/ determine how
practical examples of lessons learned for plant and industry operating
experience are incorporated in general employee training.

2.11. Training and Qualification - Checklist

2.11.1. Organization and administration

o Training organization
o Application of a systematic approach to training
o Instructor qualifications
o Training programme

development (programme, courses, material)
- implementation
- documentation (programme, courses, guidelines)

assessment (trainees, programmes)
- revision

o Regulations, guides and administrative procedures
o Authorization
o Training records
o Audits

2.11.2. Training facilities, equipment and material

o Classrooms and equipment
o Simulator facilities
o Workshops and laboratories/mockups and models
o Course material of various training courses
o Training material, visual aids
o Updating of material and facilities
o Offices, study rooms, library etc.

2.11.3. Control room operators and shift supervisors

o Methods for definition and documentation of training content
o Initial training programme

- nuclear fundamentals
- plant, systems and operations knowledge
- administrative procedures, regulations

GKT topics
on-the-job training
simulator training
exercises covering non-simulator topics

- training for emergencies (severe accidents)
- communication and supervisory skills

o Assessment of trainees
o Continuing training programme

- refreshment of systems and procedures knowledge
- procedure and system modifications

operating experience, in-house and industry wide
- trends in job performance
- training for emergencies

GET topics
o Amount of classroom, simulator, on-the-job training
o Authorization and re-authorization
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2.11.4. Field operators

o Methods for definition and documentation of training content
o Initial training programme:

- technology fundamentals
- plant, systems and operations knowledge
- administrative procedures
- GET topics

o Practical training, mockups, basic principle simulators
o On-the-job training
o Assessment of trainees
o Continuing training

2.11.5. Maintenance personnel

o Methods for definition and documentation of training content
o Initial training programme:

- plant layout, general features of plant systems
- maintenance related administrative procedures
- maintenance procedures and practices

surveillance and inspections
safety related topics

- GET topics
o Practical training, workshops and laboratories
o Specialization to certain equipment

- on-the-job training
- models and mockups in laboratories and workshops
- training by manufacturers

o Assessment of trainees
o Continuing training programme

2.11.6. Technical support personnel
o Methods for definition and documentation of training content
o Initial training programme
o Take some example groups such as performance and plant

engineering, safety analyses and reviews, QA for review
o Review their current knowledge in relation to those required for

the position
o Assessment of trainees
o Continuing training programme

2.11.7. Radiation protection personnel

o Methods for definition and documentation of training content
o Initial training programme

radiation protection fundamentals, ALARA
equipment, procedures
plant layout and systems knowledge

- operation and maintenance practices
control of radiation accidents

- decontamination, waste handling
- GET topics

o Amount of classroom and on-the-job training
o Assessment of trainees
o Continuing training programme
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2.11.8. Chemistry personnel

o Methods for definition and documentation of training content
o Initial training programme

- classroom training
- practical on-the-job training

o Assessment of trainees
o Continuing training programme

2.11.9. Management personnel

o Methods for definition and documentation of training content
o Initial training programme
o Appropriate management and supervisory skills
o Management development programme
o Continuing training programme

- maintain technical knowledge
supervise training of their staff

- emergency duties

2.11.10. General employee training (GET)
o Methods for definition and documentation of training content
o Initial training

introduction to plant layout, organization and administration
industrial safety

- radiation protection (classroom/practical)
- fire protection

emergency training
- procedures
- QA

o Assessment alternative courses in relation to the needs of
various personnel groups

o Continuing training
o Assessment of trainees
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3. OPERATIONS

Operations concerns the activities of the direct operating group
which controls the plant operation and has a direct impact on the behaviour of
the reactor and its associated systems. While the structure of the group
varies according to the policy of the operating organization,
the whole group is usually managed by a person termed here as Head of
Operations, and each shift is managed by a person here referred to as a Shift
Supervisor. During other than office hours the plant, and often the whole
site, is under the control of the Shift Supervisor, who is thus part of the
line management. Typical operations line management in many plants consists
of the Plant Manager, the Deputy Plant Manager, the Head of Operations and the
Shift Supervisor in descending order.

The direct operating group is supported by staff under the control of
the Head of Operations.

3.1. Organization and functions

References: 1.1.A. and 1.2.A.
Objectives

3.1.1. The organization and functions of the direct operating group should
ensure that the nuclear power plant is operated safely and effectively under
normal conditions, as well as during anticipated operational occurrences, and
under emergency conditions. Normal conditions include those for: starting up,
power operation, shutting down, shutdown, maintenance, testing and refuelling.

3.1.2. The responsibilities and authorities of the direct operating group
should be clearly defined.

Preparatory work

3.1.3. Documents to be reviewed in advance (when available):
Organizational chart including functional responsibilities.

3.1.4. Documents to be made available for review at the plant:
- Job descriptions for all direct operating functions, including

responsibilities for structures, systems and components
Procedures governing the co-ordination of the operating group and
with other groups
Operating group procedures and administrative controls

Investigations

3.1.5. Review the extent to which the shift personnel of the direct
operating group are controlled and supported by the day staff. The overall
responsibility for establishing and implementing the operations programme and
managing the direct operating group is usually assigned to the Head of
Operations. Through interviews and review of documents verify that the
organization and administration adequately covers the following:

(a) The organizational structure of the direct operating group including
all shift and day personnel.

(b) The responsibilities and authorities of all technical and supervisory
personnel, in particular the Shift Supervisor.
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(c) The responsibilities and authorities of shift personnel during and
outside day staff hours, including abnormal conditions and initial
control of emergencies.

(d) The selection training and qualification of operations staff.

(e) Planning and scheduling of all operations activities important to
safety.

(f) Procedures adequate to achieve the requisite standards of plant
operation.

(g) Administrative controls and effective planning to keep exposure of
operations personnel as low as reasonably achievable.

(h) Involvement of shift personnel to the extent necessary in the
authorization and performance of:

Surveillance testing
Maintenance

- In-service inspections
Testing

- Changes to operating instructions
- Changes to Operational Limits and Conditions

Temporary and permanent plant modifications
(i) Development and compilation of operational records as well as

information to be included in the logbooks.

(j) Production of operational reports for management, other groups and
authorities as required.

(k) Conduct of routine meetings during operation and during outages
within the operational department, and with maintenance and
supporting groups and associated management.

(1) Provisions for prompt support of shift supervisors after day staff
working hours in case of problems in the fields of maintenance,
radiation protection, water chemistry, etc.

(m) Provision to ensure an adequate organization to supervise the
refuelling activities.

3.1.6. Check that the plant management has established goals and objectives
for the direct operating group and that the necessary policies and programmes
are established to implement station requirements.

3.1.7. Check to see that general administrative tasks of the shift crew are
minimized but those necessary to ensure that the shift crew maintains total
control of plant and equipment status are retained by the shift.

3.1.8. Procedures should be established for the co-ordination of the
activities of the direct operating group with those of other groups of on-site
and off-site organizations as appropriate.

3.1.9. Review staffing levels of shift crews to ensure they clearly define
sufficient numbers of authorized operators and other staff for the reliable
accomplishment of assigned tasks» Staffing levels should provide adequate
redundancy and diversity of the skills needed in emergency situations.
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3.1.10. Check to see if plant and operations managers spend some of their
time "walking the plant" and observing operators carrying out their
activities. Regular appraisals of the performance of operating staff should be
used to enhance individual performance and to prevent complacency. <

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

3.1.12. Review the practice for providing guidance to the shift supervisor in
the case of an emergency. Examine procedures and check that responsibilities
and lines of authority are clearly understood. Check that the support for the
Shift Supervisor is available in a timely manner.

3.1.13. Review the shift scheduling practices and requirements for providing
adequate rest before going on duty as well as policies and practices for
ensuring operations personnel fitness for work. Specifically, these should be
a clear policy against drug and alcohol abuse.

3.1.14. Review how plant and operations managers observe operators'
activities and how they promote consciousness of safety as a primary objective
in all day to day activities among their subordinates.

3.1.15. Review the programme for long term surveillance of the plant (refer
to 5.2) with respect to the performance and trends of the main operating
parameters. The results should be reported routinely to the operations group.

3.2. Operations facilities and operator aids

Reference: None.

Objectives
3.2.1. The facilities and equipment used by the operating staff should be
well maintained and adequate to support safe and reliable operation under all
operating conditions.

Preparatory work

3.2.2. Documents to be reviewed in advance:
None.

3.2.3. Documents to be made available for review at the plant:
Plant labelling and housekeeping instructions, if any.

Investigations

3.2.4. Communications equipment should be reliable and provide necessary
plant coverage. A "public address" system should be provided as this is
needed under emergency situations.
3.2.5. There should be sufficient alarm indicators, and they should be easy
to differentiate from annunciators that provide status information.
3.2.6. The availability of systems and equipment should be clearly displayed
to the operator. Defective systems and equipment should be clearly indicated
and properly labelled.
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3.2.7. Plant equipment should be easily accessible for field operations and
monitoring.

3.2.8. All plant areas, systems and associated components should be clearly
and properly identified. Particular attention should be paid to
identification of unit system valves and electrical supplies to avoid
erroneous operations or work on the wrong equipment.
3.2.9. Check that lighting in the control room is adequate and
instrumentation is unobstructed, clearly readable and understandable to the
operator.

3.2.10. Check that a system exists for formally controlling , maintaining and
updating operators aids (i.e. limited instructions on panels and components on
plant).

3.2.11. Check that equipment needed for operational activities is readily
available to the staff:

- Portable and permanently installed communications equipment
should be available and operable at control stations

- Survey instruments should be available

Control panels and frequently used equipment should be both
physically and environmentally accessible to the operators

3.2.12. Investigate the performance of process computers and their use by the
staff. The data presented by the computers should give short term and long
term overview of the plant performance.

3.2.13. Check alarm indicators and number of 'standing' alarms. The operator
should be knowledgeable of the plant status and limitations.

3.2.14. Review how availability of systems and equipment is displayed and
indicated such as isolations, positions of motor and manually operated valves,
protection system trains, electric supply to different systems, etc.
3.2.15. Check the essential facilities and equipment in both the control room
and in the secondary control room.

3.2.16. Check that facilities assuring habitability of control rooms such as
emergency ventilation and tightness of the control rooms, as well as
monitoring of radioactivity etc. are provided. A secondary control facility
should be available for the safe shutdown of the plant if the main control
were to become uninhabitable.

3.2.17. Conduct a thorough walk through of the Plant buildings. Plant
cleanliness and good housekeeping should be evident. Observe the following
items: painting, condition of components, sumps and thermal insulation, the
presence and control of leakage, obstructions, floor surfaces, labelling of
components and the posting of signs and directions in rooms, route posting,
lighting, and posting and status of doors. Examine radiation protection,
safety, emergency, first aid, and fire protection facilities.
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3.3. Operating rules and procedures

References; 3.3.A. Operational Limits and Conditions for Nuclear Power
Plants: A Safety Guide, Safety Series No. 50-SG-O3,
IAEA, Vienna (1979).

3.3.B. Surveillance of Items Important to Safety in Nuclear
Power Plants, Safety Series No. 50-SG-O8 (Rev. 1),
IAEA, Vienna (1990).

Objectives

3.3.1. Operating personnel should operate the plant so as to generate the
required electrical output while keeping the plant's operation within the
Operational Limits and Conditions and in accordance with the policy of the
operating organization and the requirements of the regulatory body.

3.3.2. Comprehensive operating procedures should be provided for the
operators. The guidance provided in the procedures should be clear, concise,
verified for its accuracy and validity and adequate to enable trained
operators to perform their activities. The procedures should be supported by
reference material such as system descriptions, flow sheets, wiring diagrams,
and logic diagrams. The procedures and reference material should be clearly
identified and readily accessible in the control room.

Preparatory work

3.3.3. Documents to be reviewed in advance:
None.

3.3.4. Documents to be made available for review at the plant:
- Operational Limits and Conditions
- Operating procedures and instructions
- Operations group procedures and administrative instructions
- Surveillance test schedules
- Site licence

Investigations

3.3.5. Review the content of Operational Limits and Conditions to ensure
that safety limits, safety system settings, limits and conditions for normal
operation and surveillance requirements have been stated. Review the controls
and procedures for ensuring that Operational Limits and Conditions are
complied with and that deviations are documented and reported in an
appropriate manner and that appropriate actions are taken. Review also the
responsibilities of the shift supervisor and operators with regard to
Operational Limits and Conditions and reporting of any infringements.

3.3.6. Review operating procedures, in particular the operating procedures
for the plant operations, system operations, surveillance tests,
administrative controls etc.. as well as supporting reference material such as
systems descriptions, flow sheets, wiring diagrams and logic diagrams. Check
their location and use in the control room. Methods for documenting unusual
observations should be established.

3.3.7. Check sheets or an equivalent means should be used to monitor and
record plant parameters.
3.3.8. Besides procedures for normal operation, emergency operating
procedures should be available for abnormal conditions and accidents included
in the plant design base. In addition procedures for coping with beyond
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design basis accidents to complement existing event based procedures (symptom
based procedures) should be in place or there should be a proper programme for
their development within a reasonable time scale.
3.3.9. Operations documents should be kept up to date/ and technical details
contained in the procedures and reference material should be consistent. A
systematic approach with assigned responsibilities should be provided to keep
procedures and reference material up to date in a timely manner. The system
should allow for temporary procedure modifications and provide for
satisfactory distribution to ensure that new procedures reach all staff
concerned and previous outdated versions are replaced. Regular reviews should
be conducted to ensure that the documentation available in the main control
room and in the field is up to date, and that any temporary information
displayed for the operations staff is current and properly authorized.
3.4. Operating history

Reference : None.

Objectives

3.4.1. The long term operations data or history should be available and be
analysed to check if the operating status is satisfactory and what areas
should be strengthened to improve reliability. The analysis should address
plant events, identify the root causes and necessary corrective actions.
3.4.2. The operating history and analysed results should be used as a
parameter indicating the effectiveness of programmes undertaken in the last
year. The data should also be used in assessing the need for enhancing the
performance of certain systems.

Preparatory work

3.4.3. Documents to be reviewed in advance (when available):
Data on the electrical power produced in the last year, list of
the events including short comments to the events.

3.4.4. Documents to be made available for review at the plant:
- Event reports and root cause analyses.

Investigations

3.4.5. Review how long term operations data or history has been used for
improving the of reliability of systems and effectiveness of operation.
3.4.6. Determine the cause of events shown on the load diagrams and in the
event reports by interviewing responsible persons and reviewing report
conclusions. Check how events caused by technical deficiencies have been
reported to the responsible staff and investigated. Determine the
effectiveness of corrective actions implemented based on the investigations.
3.4.7. Review the events caused by human errors and determine how these
failures are analysed and corrected. Verify that corrective actions were
initiated by the responsible personnel.
3.4.8. Review the plant events to determine if appropriate actions were
taken by the operating group.
3.4.9. Determine how information on operating events is fed back to the
direct operating group and to training.
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3.4.10. Determine how training on events and plant performance is organized
and presented. The time between an event and incorporation into the training
programme should be reasonably short.
3.4.11. After a reactor scram or other major transient, a thorough review of
its causes and consequences should be carried out prior to restart or
resumption of full power operation. Restart criteria and decision authority
should be established and followed.

3.5. Conduct of operations

Reference; None.
Objectives
3.5.1. Operations personnel should be cognizant of and have control over the
status of plant systems and equipment in all modes of operation. The shift
supervisor must be informed of plant activities affecting the status of
systems and components, and all activities such as carrying out surveillance
tests and maintenance works are routed via him or his delegate for final
approval. Similarly, it is important to keep the operators informed of plant
status.
3.5.2. A formal communication system should exist for the transmission of
orders and for the transfer of information related to the reliable and safe
operation of the plant. As part of this system, plant modifications and major
tests should be properly authorized by management and controlled by operations
personnel. This system should include retrievable recording of orders and
instructions, with affirmations that orders and instructions have been
received and understood.
3.5.3. It is important that close adherence to written procedures is
observed in order to ensure correct operation of equipment. Deviation from
these procedures should require approval at a level appropriate to its safety
significance. However, in emergency situations the operators should have
authority to take corrective actions according to their judgement.

Preparatory work
3.5.4. Documents to be reviewed in advance:

None.
3.5.5. Documents to be made available for review at the plant:

- Regulating guides on plant operation such as Operational Limits
and Conditions controlling necessary actions when part of the
safety equipment is out of service or otherwise unavailable

- Checksheets for the recording of shift operating data
Procedures and checklists governing shift turnover

- Procedures governing the placement of information and caution
tags on plant equipment

- Alarm lists for normal operation and during startup

Investigations

3.5.6. Check the performance of the plant operating staff by examining
documents, interviewing personnel, observing shift turnovers, observing work
in the control room and touring the plant. Observe actual operating practices
on shifts.

56



3.5.7. Verify that operators are attentive and responsive to plant
parameters and conditions and that they are supervised to a reasonable
extent. Check particularly their activities with respect to:

Reasons for annunciator alarms
Tagged equipment and work in progress

- Tour of the plant or control boards
- Unusual events that have occurred during previous shifts
- Special instructions and temporary procedures in force
- Staffing for oncoming shift

3.5.8. Establish that independent verification is applied as appropriate to
activities important to safety.

3.5.9. Verify that the shift staff investigates apparent abnormalities and
malfunctions and are encouraged to report unexplained events to their
supervisors.
3.5.10. Observe working persons in safety related areas and determine whether
requirements, such as those relating to welding, helmets, safety gear,
protective clothing, radiation work permits, etc., are being strictly followed.

3.5.11. Verify the correct operation of status reporting and recording
systems and the frequency and effectiveness of operator verification.
Investigate the efficiency of shift crew checks on the condition of systems
and components by observation, logging, analysis of data and any testing
within their responsibility. In particular:
(a) System and component status changes should be appropriately

documented and communicated from local control stations to the main
control room in a timely manner.

(b) Activities affecting the status of systems and components important
to safety should be planned, known to the shift supervisor, and
authorized by the shift supervisor or the shift supervisor's delegate.

(c) The operating condition of systems and components should be
effectively monitored and reviewed and appropriate actions initiated
when needed.

Checklists or other comparable means should be used to ensure
that necessary safety equipment is operable and that the proper
conditions are met for each mode of operation.

- Log keeping should be timely and accurate and adequately reflect
plant activities and status.
Operator field checks should be sufficient to monitor the local
status of safety equipment.

- A surveillance test programme should be properly executed to
ensure that safety equipment is verified to be operable through
testing.

(d) Off-normal conditions should be easily recognizable to operators:
- The number of alarms that are in the activated condition during

normal operation should be minimized.
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- The number of alarms arising per hour during startup of the plant
should be minimized and not exceed the operator's ability to
respond.

- Defective or out of calibration instrumentation should be clearly
indicated to the operator and tagged.

(e) Arrangements and procedures for logging data, inking and dating
recorders, etc. should be correctly implemented for effective
identification, distribution and storage of records.

3.5.12. Shift turnover should be carried out in a structured and professional
manner. The effectiveness of shift turnover is enhanced by a written account
of the shift activities. In order to achieve common agreement and set
objectives, a shift briefing is desirable following turnover. Observe and
review the turnover from one shift to the next with particular attention to
the transfer of all important information about the plant status, work in
progress and events during the shift. Checklists, log books, recordings and
messages should be used and the operators should walkdown the control panels.
3.5.13. Regular rounds through the plant should be performed by the
operators. Also shift supervisors and authorized staff should adopt the
practice of regular plant walk-throughs. Accompany operators and check the
performance of the operating staff during rounds through the plant. All
relevant areas should be covered within specified intervals. Areas with
higher radiation levels have to be observed at less frequent intervals or by
remote means. The scope of the rounds should cover leakage, excessive
vibration, unfamiliar noise, foreign parts, and deficiencies requiring
maintenance, cleaning, or other action. Special arrangements are necessary
for areas which cannot be entered during power operation. A system for
documenting problems should exist which includes an evaluation for operability
impact.

3.5.14. Review the system of keys or other methods for controlling doors to
restricted areas and for unlocking manually operated valves which must be in
certain positions for safety reasons or for component isolation as well as for
plugs for protection system.

3.5.15. Control room access should be limited and access to the control area
should be restricted to appropriate personnel.
3.5.16. Review how the Operational Limits and Conditions are observed and
adhered to in the control room and how deficiencies in a safety system have
been noted and reported in accordance with the Operational Limits and
Conditions of compliance requirements.

3.5.17. Review the requirements and procedures for the restart of the plant
after a reactor trip or shutdown as well as evaluation of the causes of the
shutdown. Take some example cases from the plant history.

3.5.18. Review the requirements and procedures for the restart of the plant
after a refuelling or maintenance shutdown as well as evaluation of the
readiness of the plant for the startup. Take examples such as the latest
restart and go through the routines and documentation. In particular check
that :

- Required tests that have been carried out
- Appropriate authorization from the plant management exist
- Compliance with operational limits and conditions have been

checked
Modified plant has been adequately tested
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3.6. Work authorization

Reference; 3.6.A. Maintenance of Nuclear Power Plants: A Safety Guide,
Safety Series No. 50-SG-07 (Rev. 1), IAEA, Vienna
(1990).

See also Section 4.4. on Maintenance.

Objectives

3.6.1. All work conducted at the plant has to be planned and executed in a
manner that is consistent with the requirements of plant operations both
during power operation and during shutdown. Effective interface between the
operations and maintenance groups (including contractors), is essential.
After finishing the work, operations and maintenance groups have to ensure
that systems and components affected by the work are tested and returned to a
satisfactory operational state.

3.6.2. Planning of work, outages, modifications and tests has to be
co-ordinated to assure that the plant remains in a safe condition at all times
and in accord with the Operational Limits and Conditions.

Preparatory work

3.6.3. Documents to be review in advance:
None.

3.6.4. Documents to be made available for review at the plant:
Work authorization procedures
Radiological work permit procedures

- Isolation rules for electrical and mechanical equipment
- The index of surveillance tests carried out by the operating staff
- Procedures governing temporary modifications such as the

installation of electrical jumpers or disconnections
- The index for the administrative procedures governing temporary

modifications, work authorizations, equipment isolations, etc.
- The operating staff surveillance procedures

Investigations

3.6.5. Work authorization procedures should clearly define the
responsibilities related to equipment isolation, post maintenance testing and
restoration to service.

3.6.6. Check that, in accordance with operating organization policy,
appropriate procedures exist for the following areas. Verify compliance on
all shifts by spot checking isolation, work control, testing and restoration
to service.
(a) Rules for electrical, mechanical and radiological isolations should

be published and adhered to.

(b) Appropriate safety documents such as work permits, access permits and
authorizations for testing should be used.

(c) A register should be maintained such that shift personnel are aware
of all systems and components out of service at any time. It is
particularly important that the availability of redundant safety
equipment should be verified before any safety related component is
isolated.
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(d) Complex isolation procedures or checklists should be verified by an
engineer of the direct operations group.

(e) Suitable arrangements should be made for locking, tagging or
otherwise securing isolation points to ensure safety.

(f) Out of service systems and components should be identified by
appropriate signs and tags both in the plant and in the control room.

(g) Tags should be periodically reviewed for accuracy and continued
applicability.

(h) Arrangements should be made for transferring responsibilities for the
work permits from shift to shift.

(i) Conventional hazards such as fluids under high pressure, toxic and
asphyxiating gases or hazardous chemicals should be identified.

(j) Appropriate arrangements should be made in safety documents to
control the work of more than one group on a system or component and
to control shift work by maintenance or other personnel.

(k) Controls must be in place for activities that may change either
radiological conditions or conventional hazards at the point of work.

(1) Provisions must be made for isolation, work, testing and return to
service of systems and components in a manner that maintains
radiation exposure to personnel at levels that are as low as
reasonably achievable.

(m) Specifications covering the conditions governing safety document
cancellation to ensure the restoration of systems and components to
the correct operable state must be in place.

(n) Responsibilities for testing and restoration to service must be
specified.

3.6.7. The plant should have a clearly defined policy and procedures
addressing administrative control of temporary and permanent modifications.
The policy should cover the authorization, precautions and communications
required to initiate, implement and remove modifications and the turnover
process after completion, such as training and briefing for shift personnel.

3.6.8. Verify by examining documents, interviewing plant personnel and
observing day to day operational practice that the procedures for initiating,
performing, removing and documenting temporary modifications are adequate and
followed. Pay particular attention to the following items:
(a) Personnel who are allowed to initiate, perform or remove temporary

modifications should be clearly designated and the requirements for
technical reviews, including safety reviews, should be clearly
defined.

(b) Any precautions and restraints on operation with a temporary
modification should be clearly specified to all personnel, including
shift personnel before implementation of the temporary modification.

(c) The shift supervisor should have the right to veto any temporary
modification.
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(d) Documentation, proper labelling and tagging of temporary
modifications should be clearly specified and followed.

(e) Keys for bypassing safety functions should be properly safeguarded
and the procedures to use these keys should be strictly followed.

(f) Audits of temporary modifications should be made to assess their
continued applicability and to check conformity of recorded temporary
modifications with those in the field.

(g) Efforts should be made to minimize the number of temporary
modifications.

3.6.9. Permanent modifications proposed by technical support or other groups
must be reviewed by the operating staff prior to implementation. Check, by
examining documents, that necessary modifications have been made to the
operating procedures and controlled plant documents, including those in the
control room. The operating group should have been trained before the
implementation of any modification, particularly if operation of safety
related systems is affected.

3.6.10. Verify that surveillance tests carried out by the operations,
maintenance or other groups are well prepared and coordinated (refer to 5.2).
The test procedures must be approved by responsible persons. The result of
tests should be reported to the operations staff. Malfunctions observed
should be reviewed by the shift supervisor against requirements in Operational
Limits and Conditions.

3.6.11. Determine whether there are procedures and instructions for carrying
out non-routine tests. These should require a formal programme containing
step by step procedures in the same manner as required for routine tests. The
procedures should contain remarks pointing out any special precautions which
must be observed. Possible risks have to be analysed and the procedures
should call attention to them. Actions to be taken if a problem arises in the
course of the test should be considered and clearly specified. The test
programme should be approved by independent experts and, as a minimum, by the
Head of Operations prior to conduct of the test.

3.7. Accident management

Reference : None.

Objectives

3.7.1. Arrangements and procedures should be in place which address the
actions necessary following an accident at a plant.
3.7.2. The organization and administration of the direct operating group
should ensure that the nuclear power plant can be controlled under emergency
conditions. The shift supervisor should have prompt support from the
technical staff. When the conditions exceed specific limits an additional
organization structure should be established to take over the responsibility
for long term actions to mitigate effects on the environment.
3.7.3. Training and frequent drills in the emergency operating and symptom
based procedures should be carried out. The members of the operating staff
should receive instruction in analysis of accidents beyond the design basis as
part of their training programme. The training of plant operators must ensure
their familiarity with the symptoms of accidents beyond the design basis and
the procedures for accident management.
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3.7.4. The emergency staff and the supporting groups should be trained in
performing appropriate, preplanned actions. All the training should be
repeated at sufficient intervals and reinforced through drills involving the
full exercise of all emergency team members under conditions which are as
realistic as possible.
Preparatory work

3.7.5. Documents to be reviewed in advance:
Organizational chart of the emergency staff

3.7.6. Documents to be made available for review at the plant:
- Description of responsibilities and tasks of the emergency staff
- Training and retraining programme for the staff involved in

accident management
Investigations

3.7.7. Check that the direct operating group is well organized and trained
in controlling the plant under emergency conditions. The minimum shift group
composition should be enough to perform the immediate necessary tasks
specified by the emergency operating and/or symptom based procedures in case
of an accident.

3.7.8. Check that the experts who will be needed are on call to support the
shift group and to advise the shift supervisor in the event of an accident.
They should be available within a reasonable time as specified in the
emergency procedures.

3.7.9. Check that there is a special organization established that can be
called both during and after normal working hours. There should be a strong
direct line management which is assigned such tasks as:

- Making long term decisions on how to manage accident situations
Providing technical support to the shift supervisor and to the
emergency management team

- Communication with the authorities/ the public and supporting
companies
Measurement and analysis of radiation and radiochemical
conditions at the plant and in the environment
Radiation protection for personnel at the plant

- Fire fighting
- Repairs and other special measures

3.7.10. Verify that the operating group has enough information in the control
room to recognize and to analyse severe accidents. Because of additional
stress in such a situation, instrumentation and controls in the control room
should be arranged to optimize man—machine interactions.

•i
3.7.11. Emergency operating procedures should be available. In addition,
procedures (symptom based procedures) for coping with beyond design base
accidents (severe accidents) to complement existing event based procedures
should be in place or there should be a programme for their development within
a reasonable time-scale.
3.7.12. Verify that provisions for collecting, recording and transmitting all
information, decisions and activities are understood by the operating and
emergency staff.
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3.7.13. Verify (together with the training and emergency planning reviewers)
that a substantial training programme has been implemented for the responsible
personnel of the operating staff, the staff supporting the shift supervisor
and the emergency management team. The training programme should cover the
analyses of relevant accidents and the measures to prevent and to mitigate
accidents using the emergency operating procedures.

3.7.14. Verify (together with the training and emergency planning reviewers)
that there is an adequate programme to retrain the above mentioned personnel
and to update their knowledge in accord with modifications to the plant and
new information in the field of accident management as it becomes available.
3.7.15. Verify (together with the training and emergency planning reviewers)
that a training programme exists for accident support groups.
3.7.16. Verify (together with training and emergency planning reviewers) that
emergency preparedness drills that exercise all components of the emergency
organization are conducted according to a reasonable schedule (once per
year). Drills should be as realistic as.possible and should always include
activation of essential alarms. They should simulate accidents of all levels,
including the most severe.

3.8. Operations - Checklist

3.8.1. Organization and functions

o Organizational structure of shift and day staff
o Responsibilities and authorities of personnel
o Shift schedule
o Meetings
o Reports
o Staff selection and qualifications
o Support to the shift supervisors
o Long term surveillance of the plant
o Plant walk-throughs

3.8.2. Operations facilities and operator aids

o Control room facilities
- lighting
- alarm indicators
- displaying of systems availability
- communication facilities
- tools, portable instruments
- equipment for emergencies

o Process computers
o Special monitors for operation
o Habitability of the control room and of the secondary control room
o Labelling of components and rooms
o Good housekeeping

3.8.3. Operating rules and procedures

o Operational Limits and Conditions
o Operation procedures and instructions
o Emergency operating procedures
o Surveillance procedures
o Supporting documentation
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3.8.4. Operating history

o Trends of typical operations indicators
o Unplanned outages and events
o Events related to human errors
o Investigations of events and corrective actions
o Feedback of the operating experience to the direct operating

group and training
o Post trip or scram reviews and restart criteria

3.8.5. Conduct of operations

o Control room routines
o Plant status monitoring and control
o Performance of control room personnel
o Field operator rounds
o Operator logs and shift records
o Shift turnover
o Use of Operational Limits and Conditions
o Post trip recovery
o Startup after refuelling or maintenance shutdown

3.8.6. Work authorization

o Work authorization by the shift crews
o Planning and preparatory work
o Isolation of systems and components
o Post maintenance testing
o Conducting surveillance tests
o Temporary modifications
o Regulations for carrying out non-routine tests
o Implementing permanent modifications

3.8.7. Accident management

o Organization
o Measures to prevent and mitigate accidents
o Training of the staff (together with training and emergency

planning reviewers)
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4. MAINTENANCE

Proper maintenance of plant equipment is essential for the safe,
reliable and efficient performance of a nuclear power plant.

A high level of maintenance should be encouraged by senior management
by setting high standards, such as success criteria and performance indicators.

The selection and training of maintenance personnel should be well
established so that a high quality of maintenance activities can be achieved.
Sufficient resources should be provided and the planning and progress
reporting should be such that workload backlog is kept to a minimum.

Maintenance facilities and equipment should be sufficient to perform
maintenance activities effectively. All maintenance activities from the
planning stage to execution should be carried out in such a manner that the
radiation exposure of both site personnel and general public is kept as low as
reasonably achievable (ALARA).

4.1. Organization and functions

Reference ; 4.I.A. Manual on Maintenance of Systems and Components
Important to Safety, Technical Reports Series No. 268,
IAEA, Vienna (1986).

Also see Refs. 1.1.A. and 3.6.A.
Objectives
4.1.1. The organization and administration of the maintenance department
should ensure the efficient and effective implementation and control of
maintenance activities. The goals and objectives of the maintenance
department should be established and followed. Good coordination among
different maintenance groups (mechanical, electrical, instrument and control,
and civil) and clearly defined interfaces with operations and supporting
groups should be established.

4.1.2. The organization, staffing structure and the number of maintenance
personnel 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.

4.1.3. The organization and staffing of the maintenance department, as well
as the responsibilities of the different units and staff in maintenance,
should be described in writing and be understood by all affected personnel.
When external contractors are used, they must work to the same administrative
controls and standards as plant staff.

Preparatory work
4.1.4. Documents to be reviewed in advance (when available):

Plant organization chart including functional responsibilities
Maintenance department organization chart, including interfaces
with other organization units in the maintenance activity
planning and performance

4.1.5. Documents to be made available for review at the plant:
- Maintenance personnel function descriptions
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Investigations

4.1.6. Check that the maintenance organization is clearly defined, and that
staffing and resources are sufficient to accomplish assigned tasks.
Responsibilities and authority for each management, supervisory, technical and
craft position should be clearly defined in writing and understood. Likewise,
interfaces with supporting on-site and off-site groups should be clearly
defined and understood.

4.1.7. Verify that personnel are safety conscious in the conduct of their
work, and that personnel are actively encouraged to develop methods to improve
safety, reliability, quality and productivity.

4.2. Maintenance programme

References; 4.2.A. OSART Results, IAEA-TECDOC-458, IAEA, Vienna (1988)
4.2.B. OSART Results II, IAEA-TECDOC-497, IAEA, Vienna (1989).
Also see Refs. 1.1.A., 3.6.A. and 4.I.A.

Objectives

4.2.1. The plant management should establish a maintenance unit
(department). An effective and high quality maintenance programme should be
prepared and implemented.

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

4.2.3. The maintenance programme should be comprehensively reviewed and
evaluated in defined periods, e.g. every second year by the maintenance staff.

Preparatory work

4.2.4. Documents to be reviewed in advance (when available) :
/ - Maintenance department policies and procedures manual

Maintenance department programme description

4.2.5. Documents to be made available for review at the plant :
- Maintenance department programme description

The goals and objectives of the maintenance department
- Maintenance department performance indicators (last two years)

Annual reports and quarterly summary reports of the maintenance
department (last two years)

Invest igat ions

4.2.6. Check that the plant management has established goals and objectives
for the maintenance organization, and that policies and programmes are
established to implement station requirements.

4.2.7. Check the process of evaluation and revision of maintenance policy
documents in response to local maintenance activity and that of other nuclear
power plants.
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4.3. Material conditions, facilities and equipment

References; See References under 4.2

Objectives

4.3.1. The material condition of the plant should be maintained in such a
way that safe, reliable and efficient operation of the plant can be ensured.

4.3.2. Working facilities should provide sufficient space and equipment to
perform maintenance activities effectively. Maintenance facilities and
equipment should be maintained in good repair.

4.3.3. Remote controlled equipment should be available for work in high
radiation areas.

Preparatory work

4.3.4. Documents to be reviewed in advance (when available):
- General site layout showing the locations of all maintenance

facilities (workshops, workshops in controlled areas,
decontamination facilities etc.)

- List of special equipment (mock-ups, remote handling
manipulators, tools, automatic welding and cutting equipment)

4.3.5. Documents to be made available for review at the plant:
- Plant material condition reports
- List of corrective maintenance work reports for past six months
- List of maintenance and inspection procedures

Investigations

4.3.6. Make a thorough tour of the plant to determine the material condition
of systems and equipment. Evaluate the material condition to determine
whether the current equipment status supports safe and reliable operation.

4.3.7. Check that supervisory walkdowns of assigned plant areas are made for
the purpose of raising current plant standards and for enhancing worker pride
and sense of ownership.

4.3.8. Check that systems and equipment are in good working order. Examples
of this include the following:

- Fluid system leaks should be minimized
Equipment should be appropriately protected from adverse
environmental conditions

- Instruments, controls and associated indicators should be
calibrated, as required
Good lubrication practices should be evident

- Fasteners and supports should be properly installed
- Equipment, structures and systems should be properly preserved

and insulated

4.3.9. Verify that temporary repairs are minimized and permanent repairs are
made when conditions permit.

4.3.10. Check that temporary environmental protection (e.g. from dust,
humidity, freezing and shock) is provided for plant equipment when needed to
support construction, outage or maintenance activities.
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4.3.11. Check that protective measures for safe working conditions are in use.

4.3.12. Check the lubrication system and procedures.

4.3.13. Newly installed or modified systems/equipment should be verified in
good working order before operational acceptance by the plant staff.
4.3.14. Verify that the size and arrangement of maintenance facilities
promotes the safe and effective completion of work. Check that facilities are
provided for work on contaminated equipment.

4.3.15. Check that proper tools, equipment and consumable supplies are
available to support work requirements. Special tools, jigs, fixtures, etc..,
should be identified and stored to permit retrieval when needed.
Unserviceable tools and equipment should be controlled to prevent use.
Contaminated tools should be segregated.

4.3.16. Check that facilities for the decontamination of tools, parts and
equipment are available.
4.3.17. Verify that measuring and test equipment are calibrated and
controlled for accuracy and traceability. Test equipment that is
out-of-tolerance should be removed from service.
4.4. Proceduresr records and histories

References; I.3.B., 1.7.A. and 4.I.A.

Objectives
4.4.1. Maintenance procedures and other work related documents should
provide appropriate directions for work and should be used to ensure that
maintenance is performed safely and efficiently.

4.4.2. Detailed maintenance instructions issued to craftsmen should be
compiled in accordance with quality assurance requirements and the required
level of skill should be stated on the maintenance instruction.
4.4.3. Maintenance history should be used to support maintenance activities,
upgrade maintenance programmes, optimize equipment performance and improve
equipment reliability. Appropriate arrangements should be made for orderly
collection of records and production of reports on maintenance activities.
Maintenance history records should be easy retrievable and available for use.
The use of computerized maintenance history handling could be recommended.
Preparatory work

4.4.4. Documents to be reviewed in advance (when available):
- Administrative procedure for the preparation and issuance of

maintenance procedures and work instructions.
- Safety classification of systems or components.

4.4.5. Documents to be made available for review at the plant:
Selected safety related corrective maintenance procedures (two or
three for mechanical, electrical and control equipment)
Selected preventive maintenance procedures
Work authorization instructions
Equipment troubleshooting procedures
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General administrative procedural controls or general safety
instructions

- Administrative procedures on maintenance history keeping
Maintenance history files on one or two systems or components
Setpoints register (instrument calibration figures, relief valve
settings, electrical plant protection settings etc.)
Quality assurance procedure for setpoint registration

Investigations

Procedures and records
4.4.6. Verify that the preparation, review, approval and revision of
procedures and other work related documents is properly controlled. Documents
used in lieu of procedures (such as excerpts from vendor manuals) should
receive the same review and approval as procedures.

4.4.7. Check that procedures and work instructions used to perform
maintenance activities are technically accurate, up to date and available to
the users.

4.4.8. Check that procedures are clear, concise and contain adequate
information for users to understand and perform their steps effectively.

4.4.9. Check that a formal programme exists to review procedures
periodically for technical accuracy, human factors considerations and the
inclusion of in-house and industry operating experience.

4.4.10. Check that for routine maintenance activities the general procedural
controls or general safety instructions are specified.

4.4.11. Temporary changes to procedures should be effectively controlled,
including appropriate review and approval.

4.4.12. Check that the detailed work instructions include the following,
where appropriate:

Identification of the plant system and components
Specification of the necessary tools, material and equipment

- Sufficient information in an appropriate form for the task to be
performed in a safe, practical and efficient manner, including
specification of personnel qualifications as appropriate

- A breakdown of the task into sequential steps with sufficient
detail for the work to be done by a competent person without
direct supervision

- Provision of adequate drawings and illustrations
Identification of special tools or techniques needed at
appropriate steps in the sequence
Details of interfaces with complementary work carried out by
other personnel

- Warnings of potential danger to plant or personnel and clear
specification of precautions to be taken
Radiation protection provisions
Identification of hold points where progress to the next step is
dependent upon independent review. (Checklists for signature by
persons authorized to carry out this function are a useful aid to
achieving compliance with the instructions)
Inspection instructions and related acceptance criteria
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Maintenance history

4.4.13. Check that a plant history file exists on systems important to plant
safety. The records should be reviewed and personnel interviewed to check
that the maintenance records are updated for all safety related systems,
equipment and/or components. Verify that these records are used in preparing
corrective and preventive maintenance procedures.

4.4.14. Check that maintenance history is periodically reviewed to identify
equipment trends and persistent maintenance problems and to assess their
impact on station reliability.

4.4.15. Check that maintenance programme adjustments are made or other
corrective actions taken as needed on the basis of the result of such a review.

4.4.16. Check the effective documentation of maintenance work and
inspection/test results.

4.4.17. Check the retrievability of maintenance history records.

4.5. Conduct and control of maintenance activities

References; 1.1.A. and 4.I.A.
See also Section 3.6. on Operations. .

Objectives

4.5.1. Maintenance should be conducted in a safe and efficient manner to
support plant operation. Personnel should exhibit professionalism and
competence in performing assigned tasks which results in quality workmanship.

4.5.2. Maintenance personnel should be attentive to identifying and
responsive to correcting plant deficiencies with the goal of maintaining
equipment and systems in operation and in optimum material condition.

4.5.3. A comprehensive work control system should be in use to ensure that
maintenance is carried out in accordance with procedures and that
authorization is obtained for the execution of maintenance activities. Work
should be properly documented after completion.

Preparatory work

4.5.4. Documents to be reviewed in advance (when available):
Work authorization procedures

- Flow diagram for general work control procedure

4.5.5. Documents to be made available for review at the plant:
- Industrial safety manual or procedures

Radiological work practices document or procedures
- Industrial safety accident reports for the past one year
- Radiological control incident reports for the past one year
- Licence event reports involving maintenance activities for the

past one year
Outstanding work control documents (work backlog)

- Completed work control documents for the past six months
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Investigations

Conduct of Maintenance

4.5.6. Obtain a representative picture of how maintenance is conducted at
the plant by observing maintenance work in the field. Work in contaminated,
controlled areas should be included. Observe work on mechanical systems as
well as electrical and instrumentation work. During these work observations,
pay particular attention to the following items:

Industrial safety requirements (hard hats, scaffolding, safety
belts, ear protection, safety glasses, confined space entries and
unique hazards)
Radiological protective clothing, respiratory equipment, forced
air hoods
Use of maintenance procedures and work documents

- Proper use of tools and support equipment
- Foreign material exclusion controls

Work permits
Control of materials, spare parts and replacement equipment
Coordination of work activities with support groups such as
radiological protection, quality control and stores
Work site cleanliness and orderliness

4.5.7. Check that maintenance is performed by qualified personnel and
performed in accordance with approved procedures which include hold points for
independent quality control inspection. Observe whether good industrial
safety and radiological protection practices are followed.

4.5.8. Check that managers and supervisors routinely observe maintenance
activities and ensure adherence to station policies and procedures. Check
that the work group is instructed on the specific job and is knowledgeable of
special requirements.

4.5.9. Check that contractors and other non-utility personnel conducting
plant maintenance operate under the same control procedures and to the same
standards as plant maintenance personnel.

4.5.10. Ensure that appropriate personnel (e.g. operations, engineering and
maintenance) are aware of, and perform, post-maintenance testing, review
results and take corrective action as necessary.

Work Control

4.5.11. Examine the whole work control system. Collect sufficient
information to determine whether the control of work is in accordance with
procedures and whether the system is effective in ensuring safety in the work
areas. The work order process should clearly provide and define the following
for obtaining authorization for undertaking maintenance:

- Scope of work
Boundaries of the work area

- Access to the work area, and any particular safety hazards to be
avoided
Post maintenance testing required
Traceability of all issued work authorizations for work on safety
related components and systems
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4.5.12. Determine whether the work control system provides management with an
accurate status of maintenance planning and outstanding maintenance work.
4.5.13. Verify that work is accomplished through the effective use of a
priority system in accordance with the plant's urgent maintenance
classification. The backlog of work should be effectively managed with the
most important work being done before more routine work items.

/4.5.14. Check that work planning is adequate. Considerations such as
material, tools and manpower requirements, coordination with other
departments, safety considerations, radiological protection requirements and
quality control requirements should be taken into account.
4.5.15. Check that the work to be conducted is clearly defined by a work
authorization document with appropriate approvals, and includes applicable
procedures and/or instructions. Troubleshooting activities should be covered
by the appropriate work documents.

4.5.16. Determine whether advance planning is performed and routinely checked
for scheduled and unscheduled outages.

4.5.17. Check that scheduling and coordination of work is properly conducted
to avoid unnecessary removal of systems and equipment from service, and that
manpower is used efficiently.

4.5.18. Determine whether post-maintenance testing requirements are clearly
defined and test results are documented. It should be ensured that acceptance
criteria are specified and met, and that test results are reviewed and
accepted by the operating department before placing equipment back in service.
4.5.19. Ensure that an adequate clearance (tagging) work permit system for
out of service equipment is in use for the protection of equipment and the
safety of personnel during maintenance. The system should be well understood
and respected. Each job should have its own clearance (tagging) permit.
Maintenance work should not start until appropriate clearance is obtained. In
order to provide safety controls and information for the worker the radiation
work permit should identify radiation and industrial hazards and prescribe
means to maintain radiation and contamination exposures as low as reasonably
achievable. Retesting of the system or component should be performed upon
completion of the work. Work should then be documented as satisfactorily
completed.
4.6. Preventive maintenance (PM), predictive and corrective maintenance
References: 4.6.A. Safety Functions and Component Classification for BWR,

PWR and PTR: A Safety Guide, Safety Series No.
50-SG-D1, IAEA, Vienna (1979).

4.6.B. Good Practices for Improved Nuclear power plant
Performance, IAEA-TECDOC-498, IAEA, Vienna (1989)

Also see Refs. 1.1.A., 4.I.A., 4.2.A. and 4.2.B.

Objectives

4.6.1. Preventive, predictive and corrective maintenance should contribute
to a safe and reliable performance of the plant systems and components.

4.6.2. Preventive Maintenance (PM) entails preplanned routine testing,
inspection, servicing and overhaul of structures, systems and components.
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Its purpose is the early detection and correction of equipment degradation to
ensure the continuing capability of the plant to perform its intended
functions. These preplanned activities should be specified in a preventive
maintenance schedule.
4.6.3. Predictive maintenance techniques should be used to monitor the
conditions of installed equipment and systems to optimize the preventive
maintenance programme.
4.6.4. The procedures for corrective maintenance should be developed
separately, or as a part of maintenance administrative procedures.

Preparatory work

4.6.5. A proper corrective maintenance file should be kept for future
reference. Assessment of root cause analysis of component failure should be
carried out. Other equipment that may be susceptible to similar failures
should be identified.

4.6.6. Documents to be reviewed in advance (when available):
- PM programme and planning description
- List of predictive maintenance techniques used at NPP

Flow diagram for the corrective maintenance work control
procedure (may be a part of a general work control procedure)

4.6.7. Documents to be made available for review at the plant:
- Procedures for PM planning and scheduling

PM schedule for the review period
List of items included in the preventive maintenance schedule
Preventive maintenance procedures (including task descriptions,
parameters to be checked, hold points and inspection instructions
for independent quality control inspection, frequency of task
performance, acceptance criteria, material
requirement/specifications documentation, tools and spare parts)

- Procedures for planning and scheduling of preventive maintenance.
- Procedures to implement the monitoring techniques and to review

the results
Procedures to implement feedback from predictive maintenance
-techniques results to the maintenance programme
Administrative procedures relevant to the corrective maintenance

- List of corrective maintenance work
Example of the corrective maintenance report

- Example of root cause analyses of component failures
- Example of corrective maintenance history file

Investigations

Preventive Maintenance

4.6.8. Verify that all systems and components important to safety are
included in the preventive maintenance schedule.

4.6.9. Verify for a selected number of components that the regulatory
requirements, supplier recommendations and all the criteria specified in the
Safety Guide 50-SG-D1 are considered in establishing the frequency and extent
of preventive maintenance schedule.
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4.6.10. During the plant review, tour selected areas of the plant to observe
plant equipment and components relevant to the implementation and
effectiveness of the PM programme. Items to be observed should include the
following:

Lubrication of equipment, check for proper oil levels, greasing
of motors and bearing temperatures on running equipment.

Rotating equipment, look for acceptable levels of vibration,
leakage at seals or glands, and tightness of chain or belt drives.

- Motor operated valves should have no leakage at the seals or
packing glands. Mechanical joints and hoses on
pneumatic/hydraulic valves should be in good condition. Valve
stems should be properly lubricated. Also check for the general
condition of the manual valves, especially corrosion of
fasteners, the status of packing and the condition of hand wheels.

Instruments should indicate expected values and a calibration
programme should be in effect

Cleanliness should be maintained all through the plant

- Thermal insulation should be kept in good condition

4.6.11. Check the PM activities are scheduled and performed at established
intervals. Check that waived or deferred PM activities are authorized by
management.

4.6.12. Determine whether the PM programme is evaluated periodically to
ensure maximum effectiveness. Check that corrective actions recommended in
this review are in fact implemented, and also that appropriate reports and
records are kept, and that maintenance history records are updated on the
basis of PM activities.

4.6.13. Ensure that preventive maintenance results are used to assess
equipment performance. Preventive maintenance programme adjustments should be
made and other corrective actions taken when needed (e.g. in the case of
equipment modification).

Predictive Maintenance

4.6.14. Check thé procedures for integrating monitoring results into the
maintenance programme. Verify the proper review and authorization of the
resulting maintenance programme modifications.

4.6.15. Verify that predictive maintenance techniques are used to supplement
and strengthen the maintenance programme. Examples of methods available
include vibration monitoring of rotating machinery; infrared surveys
(thermography) of heat producing equipment such as motors, circuit breakers,
batteries and load centres; lubricating oil analysis for bearing wear products
and eddy current inspections for material integrity.

4.6.16. Check a few examples of maintenance programme modification due to the
use of predictive maintenance technique.
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Corrective Maintenance

4.6.17. Check the administrative corrective maintenance procedure to be sure
that proper coordination among different departments exists. The procedures
should cover, for example, prompt reporting by operating staff, assignment of
priorities for corrective work based on importance to safety, good
communication and coordination among operations, maintenance and technical
support units, availability of necessary resources, work order authorization
and equipment isolation work permit, testing, restoration, etc.

4.6.18. Take part in a maintenance and operations staff meeting concerning
corrective actions, priorities assignments etc.

4.6.19. Check the tagging system, compare the procedure and tagging in the
field.

4.6.20. Verify the resources available in maintenance during day and night
shifts.

4.6.21. Observe the corrective maintenance activity (mechanical and
electrical equipment) preferably in the controlled area. Check the
procedures, tagging, equipment isolation, necessary precautions.

4.6.22. Check a few corrective maintenance reports and root cause analyses.
4.7. In-service inspections

References ; 4.7.A. In-service Inspection for Nuclear Power Plants: A
Safety Guide, Safety Series No. 50-SG-02, IAEA, Vienna
(1980) .

4.7.B. Manual on In-service Inspection of NPPs: Safety
Practices (in preparation).

Objectives

4.7.1. During the operational life of a nuclear power plant critical systems
and components should be periodically examined and monitored, 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.

4.7.2. The in-service inspection results should be evaluated in order to
judge whether they are acceptable or whether remedial measures are necessary
to ensure continued safe and reliable operation of the plant.

Preparatory work

4.7.3. Documents to be reviewed in advance (when available):
- Regulatory guide for in-service inspections
- Description of the in-service inspection programme

4.7.4. Documents to be made available for review at the plant:
- In-service inspection planning
- In-service inspection schedule
- In-service inspection procedures
- Pre-service examination results
- In-service inspection results
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Investigations

4.7.5. Check by observation and through interviews that an adequate
in-service inspection programme is being carried out in accordance with plant
policy and regulatory requirements and verify that records and inspection
results are maintained and analyzed.

4.7.6. Check that appropriate procedures for performing the inspections and
examining the results exist.

4.7.7. Check that procedures and equipment are qualified to assure the
required capability, reliability and reproducibility of the examination system.

4.7.8. Check that examiners are properly qualified to execute examinations.
4.7.9. Ensure that appropriate reviews and analyses are made and corrective
actions are taken when inspection results do not meet acceptance criteria.
4.7.10. If the frequency and extent of in-service inspection is modified due
to experience feedback, check whether the procedures for such modification
were approved by management and by the competent authorities.
4.8. Stores and warehouses

References; 1.1.A., 1.7.A., 4.2.A. and 4.2.B.

Objectives
4.8.1. Materials management should ensure that necessary parts and
materials, meeting quality or design requirements are available when needed.

4.8.2. Suitable organizational units should be established to procure,
receive, store and issue- materials, spare items and components for use with
plant systems.

4.8.3. Spare parts and materials, important to safety, should be accompanied
by certificates that show that all requirements, set in the purchase order
have been met.
Preparatory work

4.8.4. Documents to be reviewed in advance:
None.

4.8.5. Documents to be made available for review at the plant:
Procurement, receipt, storage and issue procedures

Investigations
4.8.6. Check that the responsibility for procurement, receipt, storage and
issue of spares and materials is clearly defined in procedures.
4.8.7. Evaluate the material management facilities to check that an adequate
organization has been provided to support the plant. Evaluate the warehouse
administration techniques and the interface with maintenance planners.
4.8.8. Verify that spares are purchased with the same technical standards
and QA requirement as the equivalent installed plant items. Check that these
items are obtained only from suppliers who are approved in accordance with QA
requirements.
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4.8.9. Check certificates of selected spare parts important to safety for
completeness.
4.8.10. Determine how the receipt control of spare parts is organized
including inspection for acceptance and subsequent storage to ensure
compliance with design and QA requirements (e.g. separation of stainless steel
and carbon steel items, separation of safety related and other materials etc.)
4.8.11. Verify that storage facilities are operated in a manner that takes
into account special environmental requirements for storing certain components

4.8.12. Determine how non-certified material is processed and evaluated for
upgrading for use in systems important to safety

4.8.13. Check that materials are stored and identified in a manner that
permits timely retrieval. Stock records should be maintained, purchase orders
should be tracked and safety related parts should be readily traceable from
purchase order to installation. Proper engineering control and approval
should be obtained on any deviations from the design specii i v. uLions for parts
or material

4.8.14. Check that spare parts with limited life are stored separately and
clearly identified

4.8.15. Check that minimum, maximum and reorders levels are defined for
warehouse stock

4.8.16. Check that non-conforming and damaged spare parts are stored
separately

4.9. Outage management

References; 1.1.A., 4.I.A. and 4.2.B.

Objectives

4.9.1. Outage management organization and administration should ensure the
effective implementation and control of maintenance activities during planned
and forced outages.
4.9.2. The tasks and responsibilities of different organizational units and
persons should be clearly defined in writing. This is especially important
when, during outage periods the organization is temporarily modified.
4.9.3. Most maintenance work is done during the plant outages. Therefore,
extensive preparation and detailed planning for the refuelling outages should
be accomplished and a tracking system should be used to monitor completion
status and to ensure controlled execution of outage activities.
4.9.4. Documents to be reviewed in advance (if available):

Plant organization chart during outage (if it is modified)

4.9.5. Documents to be made available for review at the plant:
- Administrative procedure for outage preparation, performance,

control and review
Outage schedule
Plan of outage preparation meetings

- Outage review report
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Investigations

4.9.6. Check the administrative procedure for outage management. The tasks
and responsibilities should be clearly defined.

4.9.7. Check the modified organizational chart for the outage period; the
interface between the maintenance unit and others should be defined, and
strictly followed.

4.9.8. Evaluate the outage planning activity/ resources, time schedule and
techniques used. Review the following outage related aspects :

- Scheduling of work and allocation of priorities
Specification and timely provision of required manpower, tools,
materials, spares, test equipment and services
Preparation, review, approval and authorization of any special
procedures that will be required for the work

- Administrative controls and procedures to meet licensing
requirements or approval of modifications
Pretraining of personnel, including off-site manpower, in special
techniques and radiological protection requirements (maximum use
should be made of plant mock-ups to verify the effectiveness of
proposed techniques, to train personnel, and to ensure that
radiation doses will be ALARA)

- Specification of quality control and .assurance requirements and
the preparation of appropriate documents

- Planning of the sequence of plant system and component release
from service, work permit preparation and issue, compatibility
with planned work on adjacent plant systems and components,
retesting and restoration to service

- Special provisions, as required, for augmenting maintenance
shifts during the outage

- Establishment of safe working environments
- Provision of intergroup liaison and support

Provision of a dynamic planning organization with sufficient
personnel to check work progress, identify deviations from
objectives, specify remedial actions and replan to minimize
downtime

4.9.9. Check the control system used during outage for different activities.

4.9.10. Verify that the ALARA principle was considered during outage
preparation and execution.

4.9.11. Verify that the on-site personnel activity and the off-site services
performances are in accordance with plant QA requirements during outages.

4.9.12. Check that during the outage period the clearance (tagging) system
for out of service equipment has been used.

4.9.13. Evaluate the outage review report, the lessons learned and
recommendations for the next outage preparation.
4.9.14. Verify that the modification of safety related systems were approved
according to the plant modification procedures, include drawings and
maintenance procedures in this review.
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4.10. Maintenance - Checklist

4.10.1. Organization and functions

o Plant organization chart
o Maintenance organization chart
o Description of responsibilities of units and persons
o Relationship with other organization units
o Number of staff
o Personnel attitude to safety matters

4.10.2. Maintenance programme

o Maintenance department policies
o Maintenance programme description
o Maintenance administrative control procedures
o Goals and objectives of the maintenance organization
o Maintenance performance indicators
o Maintenance department summary report

4.10.3. Material conditions, facilities and equipment

o Teams observation of material conditions in the uncontrolled and
controlled area

o Teams observation of conditions of maintenance facilities
o Tours by plant management to check the equipment and systems

conditions, housekeeping, isolation, etc..
o System and component labelling
o Special equipment and tools observation
o Decontamination area and equipment
o Accuracy of tools and test equipment calibration
o Temporary repairs
o Repairs not performed - check the work request

4.10.4. Procedures, records and histories

o Maintenance procedure preparation
o Maintenance procedures for routine activities
o Revision control of documents
o Detailed maintenance instructions contents (job package)
o Maintenance records generation and processing
o Maintenance history and use by plant
o Retrievability of maintenance history records
o Provisions against accidental loss of maintenance history
o Periodic procedure and instruction revision
o Experience feedback to procedures

4.10.5. Conduct and control of maintenance activities

o Maintenance job observation (mechanical, electrical) in
controlled area

o Completeness of procedures used for maintenance (job package
evaluation)

o Personnel qualification for maintenance work
o Work control system, clearance system interface with operations

personnel
o Supervisory walk down rules and frequency of tours through the

plant
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o Work planning, including status 'control, job priority, control of
backlog, etc.

o Post-maintenance testing ,and equipment restoration
o Job documentation

4.10.6. Preventive (PM), predictive and corrective maintenance

o Preventive maintenance programme
o List of items important to safety included into the PM schedule
o Basis for preventive maintenance extent and frequency
o Effectiveness of preventive maintenance
o Procedures
o Revision of the extent and frequency in the light of experience

and modifications
o Observation of preventive maintenance activity,
o Procedure on monitoring of predictive maintenance results

evaluation
o Implementation of maintenance history into the predictive

maintenance programme
o Authorization of maintenance programme modification
o Corrective maintenance procedures
o System clearance procedure (tagging)
o Priority assignment procedure and decision making practice

(operations and maintenance staff meeting observation)
o Corrective maintenance job observation and evolution
o Corrective maintenance preparation
o Root cause analysis
o Corrective maintenance history file

4.10.7. In-service inspections (ISI)

o In-service inspection programme
o In-service inspection administrative procedures
o Pressure boundary components included into ISI examination area
o Pre-service examination methods and results (base line

establishment)
o In-service examination methods
o Examination acceptance standards
o Qualification of procedures and equipment
o Inspection intervals, inspection periods
o ISI coordination with other maintenance activities
o Training and qualification of ISI personnel
o ISI results evaluation process (defects evaluation)
o Additional and repetitive examination
o ISI documentation

4.10.8. Stores and warehouses

o Procedure in accordance with QA requirement
o Material management facilities observation (QA requirements)
o Traceability of the purchased material and spares
o Spare parts and materials, quantity in warehouse stock
o Spare parts and materials certification
o Storage conditions and management
o Spare parts and materials with limited life
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4.10.9. Outage management

o Outage tasks and responsibilities definition
o Outage planning unit
o Outage preparation schedule
o Outage coordination and control method
o Organization chart modification during outage
o ALARA principle implementation
o Outage review report
o Post maintenance testing
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5. TECHNICAL SUPPORT

Technical support covers all on-site activities of the technical and
engineering groups involved in surveillance testing, operational experience
feedback, plant modifications, reactor engineering, fuel handling, and
application of plant process computers. The integration of technical support
with its specialist functions into the plant organization is important in
order to support and ensure the safe operation of the nuclear power plant.

5.1. Organization and functions

Reference; 1.1.A.

Objectives

5.1.1. The organization and administration of the technical support should
ensure effective implementation and control of technical support activities.
Effective implementation of the various technical support functions can be
accomplished by having a separate section that is responsible for all such
activities or by having various in-plant and off-site sections providing
different support. Either method should be implemented with a written
organization and assignment of responsibilities.

Preparatory work

5.1.2. Documents to be reviewed in advance (when available):
- Organizational chart and manning table
- Final Safety Analysis Report (PSAR) section dealing with

technical support activities

5.1.3. Documents to be made available for review at the plant:
- Administrative procedures for technical support
- Organizational structure, objectives and responsibilities

Job descriptions for key managers and supervisors

Investigations

5.1.4. Verify that the technical support organization is clearly defined and
the responsibilities and authorities for each management, supervisor and
professional position is clearly defined and understood.

5.1.5. Review the current organizational chart for the technical support
area. Assess the number of engineers/technicians assigned for each function.
Discuss the organizational structure with the technical support manager and
his group leaders/supervisors. Communication links with other groups outside
the technical support department should be clearly defined and understood.
However, some plants may not have set up such a department, but review in this
case, how the technical support area is organized.
5.1.6. Review the responsibilities for each group and for appropriate
professional positions. Check that administrative procedures exist for the
technical support area. Job descriptions which list experience and
qualifications should be available. The staff should have a positive attitude
towards safety matters.
5.1.7. Determine whether the staff size and resources are sufficient to
carry out assigned tasks. The backlog of work should not be excessive.
Overtime should be minimal and contractors should be used as needed. Support
from the head office or any other off-site organization should be assigned and
effective. Personnel in the technical support area should be aware of their
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responsibilities and should interface well with other groups. There should be
an administrative policy to support plant safety and reliability.

5.2. Surveillance programme

Reference: 5.2.A. Reviewing Surveillance Activities in Nuclear Power
Plants, Supplementary Guidance and Reference Material
for IAEA OSARTs, IAEA-TECDOC-503, IAEA, Vienna (1989).

Also see Ref. 3.3.B.

Objectives

5.2.1. A surveillance programme should be established and implemented to
verify that provisions for safe operation which were made in the design, and
checked during construction and commissioning, continue to exist during the
life of the plant. At the same time, the programme should verify that safety
margins are adequate and provide a high tolerance for anticipated operational
occurrences, errors and malfunctions.

5.2.2. The general objectives of the surveillance programme in the broadest
sense are basically to detect and correct any anomalous condition before it
significantly affects safety. The anomalous conditions which are of concern
to the surveillance programme should include not only equipment and material
failures but also equipment and material deficiencies, deficiencies in
software performance, and deficiencies and errors in human performance.

5.2.3. The surveillance test programme should 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. Such a surveillance test
programme should also detect degradation of components and take care of
corrective actions before the components become inoperable.

Preparatory work

5.2.4. Documents to be reviewed in advance (when available):
Technical Specifications

- Final Safety Analysis Report (FSAR) sections dealing with
surveillance requirements

5.2.5. Documents to be made available for review at the plant:
- Description of the surveillance programme
- QA manual

Administrative procedures which define the organization,
objectives and responsibilities of surveillance personnel
Master schedule for surveillance testing programme

- Selected surveillance procedures
- Special requirements (letters, reports, etc.) from the regulatory

body in the surveillance area
Evaluations which have been performed on data collected by the
programme

Investigations

5.2.6. Verify that an overall surveillance programme plan exists for the
plant, encompassing surveillance, testing, maintenance, inspection, repair and
data evaluation activities. The programme should cover both failure detection
and deficiency detection and should cover equipment, materials, software
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performance and human performance. The programme should be complete and
should indicate how the proving of all the safety barriers in place which
prevent the release of radioactivity in the plant is achieved by the
surveillance activities.

5.2.7. In addition to a programme plan, verify that there are organizational
charts for the programme. The organizational charts should be clearly
documented and up to date, and should identify specific functions and
individuals responsible for the functions. The organizational charts should
also identify clear communication links among the individuals responsible for
specific functions in the programme.

5.2.8. Ensure that personnel involved in surveillance activities are
suitably qualified. These personnel should not only understand their
respective duties but also show an awareness of the importance of their
contributions. The personnel should furthermore want to be personally active
in ensuring the safety of the plant.

5.2.9. Verify that administratively controlled procedures exist for the
surveillance activities. Documents should identify all the procedures, and
each procedure should be cross referenced to the basis for the surveillance
activity. The basis should include not only technical specifications and
regulatory requirements, but also safety analyses which identify the safety
and reliability bases for the surveillance activity. The documentation should
also identify the time intervals for each surveillance activity, as well as
the tolerances on these time intervals. Check that the last completion date
'for a surveillance test is properly recorded.

5.2.10. As part of the control of the surveillance procedure, review whether
documentation exists, which defines procedures for preparing, revising and
administering surveillance procedures, for ensuring the correctness and
comprehensibility of the procedures, and for documenting and implementing in a
timely manner revisions to the procedures. Documentation should also identify
the organizations and name individuals who are responsible for these
functions. There should also be clear sign off requirements for initiating and
completing the test. The procedures should furthermore have a consistent
format across different surveillance activities.

5.2.11. Verify that a master scheduling document exists, which defines the
times at which all surveillance activities are to be performed. A typical
tolerance used in some countries for the deviation from a required test time
interval is plus or minus 25% of the interval. Individuals should be
identified who are responsible for coordinating the scheduling of
surveillance activities. The scheduling documents should coordinate testing
and maintenance work and should identify potential conflicts in surveillance
and maintenance activities.
5.2.12. Review how special tests, which have no previously defined
procedures, are controlled by the surveillance programme. The programme
should have in place a process to review the design envelope impacts and
safety analysis impacts of any special test before it is conducted. The
process should require that the plant's safety committee, or its equivalent,
independently reviews and approves any special tests before they are
conducted. The reviews should specifically verify that the test is properly
instrumented. The process should identify the appropriate regulatory bodies
to be informed before the tests are conducted. The process should confirm
that the plant is brought back in a timely manner to a normal operating
condition as soon as the test is completed. Actions to be taken if problems
arise should also be clearly specified.
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5.2.13. Review some of the selected surveillance procedures and determine
whether acceptance criteria are included for each surveillance activity.
Verify that this criteria is used and that supporting data can properly meet
the acceptance criteria. Appropriate data forms should be filled in to show
the main parameters and functions of the components.

5.2.14. Witness the execution of one or more selected tests to ensure that
the tests are actually conducted correctly. Before the test is performed, the
person performing the test should communicate an understanding of the
objective of the test, the prerequisites for the tests, the hazards of the
test, success and failure criteria, the data to be collected in the test,
actions to be taken if a failure or deficiency is identified, check off and
tag out procedures, and sign off procedures.

5.2.15. Ensure that corrective action following a failed surveillance
includes notification to the shift supervisor. The appropriate maintenance
groups should become involved and the deficiency corrected. Applicable
regulatory reports should be made quickly. The results of a satisfactorily
completed surveillance test should be evaluated at the plant. The shift
supervisor should review for initial completeness, accuracy and conformity
with the acceptance criteria. An independent review should be conducted by a
technical group. Trending of results should be made so as to indicate
equipment deterioration.

5.2.16. Review how the data are evaluated which are obtained from the
surveillance activities, and review how the evaluations are fed back to the
surveillance programme for evaluating the effectiveness of the programme and
for making improvements in plant operation and design. There should be a
clearly identified process to evaluate the implications for performance,
reliability, and safety of the data collected in the surveillance activities.
There should be a clear feedback process in which the results of the
evaluations are transmitted to the responsible systems engineers, as well as
other personnel affected by the results.

5.2.17. As part of the analysis, review whether indicators are specified, to
evaluate the effectiveness of the surveillance programme. The indicators
should cover all relevant aspects of the effectiveness of the surveillance
programme, including the effectiveness of incident detection, of failure
detection, of equipment performance, of reliability and of safety. The
indicators should relate to the effectiveness of the general programme as well
as the effectiveness of individual parts of the programme.

5.2.18. Check that the surveillance programme, including such things as
procedures and surveillance frequency, is periodically audited and revised if
necessary.

5.3. Operational experience feedback

References; 5.3.A. The Importance for Nuclear Safety of Efficient
Feedback of Operational Experience - INSAG Technical
Note No. 2, IAEA, Vienna (1987)'.

5.3.B. Reviewing Operational Experience Feedback,
Supplementary Guidance and Reference Material for IAEA
OSARTs, IAEA-TECDOC-596, IAEA, Vienna (1991).

Objectives

5.3.1. A programme for screening, evaluation and feedback of in-house events
should be established. The programme should cover in depth investigation of
events, identification and implementation of corrective actions to prevent the
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recurrence, as well as dissemination of information to plant personnel and to
other nuclear power plants.

5.3.2. A programme for analyzing external events as well as lessons learned
at other nuclear power plants should be established in order to improve plant
safety and reliability. Information applicable to the plant should be
evaluated and actions should be carried out, including dissemination of
information to plant personnel.

5.3.3. The plant organization should have sufficient resources and dedicated
manpower for evaluation and feedback of operating experience in a timely
manner. Responsibilities should be clearly defined and understood. Managers
and supervisors should be sufficiently involved to ensure completion of given
tasks.

Preparatory work

5.3.4. Documents to be reviewed in advance (when available):
- Latest summary report on operational experience, including

significant events

5.3.5. Documents to be made available for review at the plant:
- Description of the operational experience feedback (OEP)

programme for the plant
- Administrative procedures for dealing with screening, evaluation,

distribution and feedback of operational experience
- Qualifications of involved personnel including experience and

training
- Material regarding evaluation of in-house events
- Material regarding evaluation of external events
- Material regarding dissemination of OEF information to plant

personnel

Investigations
5.3.6. Carefully review the plant's operational history for approximately 12
months time period. Look for significant events, repeated events, events that
appear similar to known external experiences, and events that should have been
shared with the external nuclear community. The items found during this
review should be used to support conclusions about the OEF (Operational
Experience Feedback) programme.
5.3.7. Throughout the investigations endeavor to participate in actual OEF
programme activities in an effort to determine their effectiveness. Possible
activities include part of a root cause investigation, processing of an
external OEF experience, meeting where OEF information is discussed, and
attending a training session involving OEF information.

5.3.8. Review and study the plant's organizational approach to OEF. Become
familiar with the plant's approach and ascertain if the resources (manpower)
allocated for it are sufficient. Interview the personnel involved in OEF and
other key management to determine general plant awareness of the programme and
personnel are familiar with their OEF responsibilities.
5.3.9. Review the OEF programme procedures provided. Some key areas to look
for in the procedure include a description of the OEF programme, clearly
defined responsibilities, precise guidance on how to process OEF information
and some means of status reporting. This activity should preferably be
coordinated by one individual and specific guidance on it should be given in
written procedures.
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5.3.10. Determine if any kind of formal effectiveness review of the OEF
programme is done. Review the methodology for this review for adequacy.
Carefully look at past effectiveness review performed to see if any weaknesses
were identified and corrected. Critically review whether prevention of
recurrence has been taken into consideration.
5.3.11. Determine if OEF procedures have a systematic method for documenting
various in-house events and the type of events being documented include both
significant and non-consequential events. Review the shift operating logs for
events that should have been considered for investigation and follow through
to see if they were. Ask counterparts about events they have become aware of
during their investigation and see if they were screened for investigation.

5.3.12. Review the screening process of in-house events and verify the
screening includes precursor events. Review the root cause investigation
process and ensure the investigators have been trained or are very familiar
with various root cause techniques. Critically review some in-house reports
and verify that actual root causes are being identified.
5.3.13. Review the minutes of existing safety committees (or equivalent
bodies) for the previous 12 months. Check for actions on significant events.
The events should be discussed in the safety committee meetings on a regular
basis. Corrective actions suggested by the committee should be followed up to
ensure that such actions are effectively implemented. Corrective actions
undertaken should be applied to other units or similar components in the
plant. There should be a tracking system to track the implementation of
corrective actions suggested by the safety committee. The lessons learned from
event evaluation should be incorporated into the training and qualification
programme of the plant.

5.3.14. Ask to see recent plant events that were shared with the external
nuclear community. Try to determine if the sharing was voluntary or forced by
national authorities. From the review of operational history see if there
were any obvious events that should have been shared and follow through to see
if they were.

5.3.15. Determine how external experiences are made known to the plant. If
screening is done outside the plant, for example by a corporate office
organization or national utility group organization, determine what criteria
they use. This is necessary to ensure all applicable information is forwarded
to the plant. If screening is done at the plant then review their screening
criteria to ensure it is sufficiently broad. If screening is done outside the
plant, if possible, visit the organization responsible for the screening or
have them come and visit you at the plant. Determine that all applicable
external experiences receive an evaluation to extract lessons learned from the
external experience and that appropriate actions are taken.

5.3.16. Interview some of the plant workers/engineers to whom OEF information
has been disseminated. Try to determine if they are familiar with the
information.

5.3.17. Review training material used to train plarit staff on OEF. Verify
that all appropriate personnel have been trained. Interview some of those
those trained.
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5.4. Plant modifications

Reference; 3.6.A.

Objectives

5.4.1. A plant modification programme for permanent and temporary
modifications should be established to ensure proper design, review, control,
implementation and documentation of plant design changes in a timely manner.
All changes requested should be reviewed, controlled, installed, tested and
documented according to plant safety rules and procedures. The plant safety
level after a modification should be within the design basis for the plant.
Preparatory work

5.4.2. Documents to be reviewed in advance (when available):
- Technical Specifications
- Final Safety Analysis Report (FSAR) sections with requirements on

plant modifications
5.4.3. Documents to be made available for review at the plant:

Modification programme procedure
- QA Manual section on document control modification requirements
- Maintenance work control procedure
- Drawing control procedures
- Shielding control procedure or ALARA package procedure

A list of recently completed plant modifications
Operational performance data

Investigations

5.4.4. The area of plant modifications is related to different sections of
the operating organization. When reviewing this area the expert should
interview personnel from the technical support, maintenance, QA, operations
and training section with regard to modification implementation, control and
training. Review how the modification programme takes care of both major and
minor modifications.
5.4.5. Review the plant modification programme and procedures for permanent
modifications. A flow path for design, review and implementation of
modifications should be evident. The scope of the programme should also
address material substitution, seismic design, addition of lead and temporary
shielding. Review administrative procedures defining the responsibility for
and coordination of plant modifications. The appropriate activities should
be well coordinated between on-site and head office personnel. If
contractors are involved their respective duties should be defined in
writing.
5.4.6. Appropriate formal, interdisciplinary, technical review and approval
should take place for plant modifications. Approved modification requests
should be documented and able to be audited. The request should address the
assignment of a priority, appropriate safety review and final implementation
and acceptance.
5.4.7. Verify that the design process of a modification considers the impact
of codes and standards. Requirements for installation, inspection and testing
of the modification should be established in the programme. Reviews and
approved responsibility should be clearly defined. The Plant Nuclear Safety
Committee should be involved in reviewing the modification package early on.
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Requirements from operations and maintenance should be met and taken into
account as well as ALARA considerations. Both operations and maintenance
personnel should be involved in reviewing the modification package.
5.4.8. The testing procedure of an installed modification should be clearly
defined. Plant personnel should be involved in developing the testing
programme, although a special turn over group (contractors/off-site people)
may be responsible. The shift should be informed of any modification testing
and the testing should be properly documented.
5.4.9. The procedure for updating documents and drawings following
modification, installation and testing should also be clearly defined. QA
should be involved and this updating should be delivered to the Operations
section before the actual operation of the modified system or equipment.
Operation procedures should be updated and all appropriate plant personnel
trained with the modified system. Responsibility for revision of all
documents such as drawings, procedures, FSAR set points, Tech. Specs, system
description, training manual, vendor equipment manuals and spare part lists
should be clearly assigned.

5.5. Reactor engineering

References; 5.5.A. Safety Aspects of Core Management and Fuel Handling
for Nuclear Power Plants: A Safety Guide, Safety
Series No. 50-SG-O10, IAEA, Vienna (1985).

5.5.B. Reviewing Reactor Engineering and Fuel Handling,
Supplementary Guidance and Reference Material for IAEA
OSARTs, IAEA-TECDOC (in preparation).

Also see Ref. 3.3.A.

Objectives

5.5.1. Reactor engineering activities should ensure the safe and optimum
operation of the reactor core without compromising any operating limits and
conditions based on design, safety or nuclear fuel limits. Maximum effort and
priority should be assigned to maintaining fuel integrity.

Preparatory work
5.5.2. Documents to be reviewed in advance (when available):

- Technical Specifications, sections related to reactor engineering
(reactivity control, nuclear core parameters, power distribution
control and fuel integrity)
Organization of the reactor engineering group (on-site/head
office), job description for the reactor engineer(s)

5.5.3. Documents to be made available for review at the plant:
Core operation monitoring procedure
Reactor engineering surveillance procedures

- Heat balance procedure for the plant
- Shutdown margin procedure

Investigations

5.5.4. Review selected controlled procedures for reactor engineering.
Check that there are reactivity control procedures for shutdown margin
calculations, including estimated critical positions. There should be reactor
engineering surveillance procedures in accordance with technical
specifications. There should also be startup test procedures after refuelling
and core operation procedures including flux mapping, control rod sequencing,
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trending and monitoring of surveillance procedures. Nuclear material control
and accountability procedures, such as fuel assembly history cards and receipt
and inspection of new fuel assemblies, should be reviewed in detail.
5.5.5. Ensure that selected procedures for review are clear and
understandable (reference to design information or vendor manuals should be
specific enough to prevent errors or improper use) and consistent with the
requirements of the technical specifications, the FSAR or vendor
recommendations. Procedures applicable to nuclear instrumentation calibration
and flux mapping surveillance should specify a frequency at which these
procedures are required.

5.5.6. Verify that the personnel in the reactor engineering group are
suitably qualified. Responsibilities should be clearly defined between
on-site and head office personnel. Job descriptions and qualification
requirements for reactor engineer(s) should be clearly identified. The staff
size should be adequate for the work load. The training programme used to
train a qualified reactor engineer and also other members of the reactor
engineering group should be clearly identified and should include on the job
training. The reactor engineers should be readily accessible by the shift
engineer during non-routine activities, such as fuel loading and first startup
after fuel loading.
5.5.7. Review how the reactor engineering group carries out trending (is
graphical representation involved?) and monitoring of important parameters for
the safe and reliable operation of the core. The parameters applicable to BWR
plants are :

(a) Core performance parameters: core flow versus core pressure drop
should be trended; control rod positions, thermal power level, xenon
concentration and average burnup should be monitored.

(b) Power distribution parameters in the core should be monitored:
minimum critical power ratio (MCPR), maximum average planar^linear
heat generation rate (MAPLHGR), relative assembly power versus design
power.

(c) Reactivity control parameters: control rod positions (number of
notches inserted) versus burnup should be trended and control rod
exposures and control rod scram times should be monitored.

(d) Performance of in-core flux monitoring system.

The conclusions of the reactor engineering performance should be reported to
plant management in a timely manner, e.g. on a monthly basis. The parameters
applicable to PWR plants are:

(a) Trending of core performance and reactivity control parameters: core
temperature rise versus secondary power, quadrant power tilts, boron
concentration versus burnup.

(b) Monitoring of core parameters: thermal power level, ex-core detector
power level, control rod positions.

(c) Power distribution in the core, maximum peaking factors (magnitude
and location), limits to Departure from Nucleate Boiling Ratio (DNBR).

The conclusions of the reactor engineering performance should be
reported to plant management in a timely manner, e.g. on a monthly basis.
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5.5.8. Review the fuel management programme and related procedures. Ensure
that a fuel assembly history programme exists and is kept up to date. Records
of the control and receipt of nuclear material and shipments of fuel should be
kept. All fuel assembly movements should be documented. Check that the
refuelling procedures ensure that safety requirements are complied with. The
physics test programme after refuelling should verify the core design. The
operators should be trained in the core changes due to refuelling. Ensure
that fuel operating guidelines (recommendations) have been established to
support and maximize fuel integrity. Review 'core operating procedure1 to
ensure that these guidelines are taken into account during power escalation.
Check that reactor engineers and operators are aware of the importance of
these guidelines.

5.5.9. Ensure that fuel integrity parameters are trended. Trending for
iodine concentration and iodine ratios should be done. Trending for off-gas
activity should also be carried out for BWRs. The reactor engineer(s) should
be aware of and informed on the chemistry analysis of reactor coolant water.
A 'sipping' programme should be established to detect and locate leaking fuel
assemblies.
5.5.10. Verify that action plans are established for dealing with failed fuel
and policies are established for potential reloading of leaking fuel.

5.6. Fuel handling

References; 3.3.A., 5.5.A. and 5.5.B.

Objectives

5.6.1. Measures should ensure that the storage and handling of new fuel has
no adverse effect on its subsequent performance. Fuel handling planning should
accomplish fuel loading and unloading safely in accordance with a core
management programme as well as safe storage, handling and preparation for
dispatch the irradiated fuel. Extensive planning is necessary since
refuelling off load is a time constrained activity, whilst on load refuelling
involves manipulations within a reactor on load that necessitate strict
application of procedures to remain within operational limits and conditions.
Preparatory work

5.6.2. Documents for reviewing in advance (when available):
- Fuel handling sections of the FSAR

Site plan showing approved fuel storage location

5.6.3. Documents to be made available for review at the plant:
- Job description of all personnel involved in fuel handling
- Fuel inspection specifications
- All fuel storage and handling operations procedures
- Fuel records system

Investigations
5.6.4. For convenience, core management, including core monitoring, are
considered under Technical Support, although in many operating organizations
the personnel responsible for direct operating functions will be involved in
these activities.
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5.6.5. New fuel storage

It is necessary to establish precise responsibilities for the fuel
from the moment it is delivered to the site and to investigate the
arrangements for receipt, storage and handling. Check the storage area with
attention to such items as:

(a) Check the designation of approved storage areas and the limitation of
personnel access.

(b) Ensure that storage is only in an approved manner, taking into
account means to prevent critical configurations and to prevent
deterioration during storage.

(c) Check that receipt procedure includes checking transport containers
for cleanness, for damage, correct identification of fuel and
correlation of manufacturing and delivery documents.

(d) Check that procedures are observed for correct compilation of records
of fuel in storage to avoid mistakes in identification.

(e) Check that radiological and fire prevention measures are complied
with.

5.6.6. New fuel inspection

At an appropriate point before being loaded into the core, the fuel
must be inspected by approved personnel in accordance with quality control
documentation. The intention should not be to repeat the manufacturer's
comprehensive inspection before dispatch, but to ensure subsequent handling
has not invalidated that inspection. The inspection should take into account
the following:

(a) Specified parameters should be checked to detect any transportation
or handling damage.

(b) Any completion of assembly, e.g. fitting of flow control devices or
instruments or connection of elements into stringers, should be
completed before the final inspection.

(c) Stipulated acceptance standards.
(d) Non-conformity procedures.
(e) QA documentation.

5.6.7. Fuel loading and unloading

The manipulation of fuel into and out of the core in accordance with
a refuelling programme will vary considerably according to reactor type.
However, study of the process will reveal the provisions that need to be
checked in the following areas:
(a) Check that there is a positive identification of the fuel to be

loaded or repositioned in the core.

(b) Check that there are appropriate authorization and clearance with the
control room supervisor before handling activities are commenced in
the core. \
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(c) Check the correct application of QA requirements to final fuel
assembly (if necessary) and final inspection before loading; also
make appropriate checks of other items such as instrumentation, flow
regulators, neutron absorbers, etc.

(d) Check that there is verification by personnel not directly involved
in the operation, that handling fuel into and within or discharge
from the core is achieved at the specified location and the fuel is
correctly positioned, i.e. its position in the channel or its
orientation if appropriate.

(e) Check the effectiveness of control associated with implementation of
instrumentation changes and monitoring of plant conditions during
refuelling.

(f) Check the radiation protection provisions for handling irradiated
fuel or components and any disassembly operations, e.g.
reconstitution of fuel.

(g) Check the special arrangements for discharge and handling of failed
fuel; examination of adjacent component or location from which failed
fuel is discharged.

(h) Check for observance that refuelling machines are operated only by
authorized persons with machines maintained in specified condition
and operational status, e.g. only authorized override of interlocks,
observance of connection and disconnection limitation, coolant
requirements, etc.

(i) Check that all operations necessitating changes to pressure circuit
integrity are subjected to appropriate verification.

(j) Check that procedures are strictly adhered to and that adequate use
is made of checklists.

(k) Check that at all steps of fuel handling accurate and comprehensive
records are kept and correctly processed.

5.6.8. Irradiated fuel storage
Usually the design of the plant makes provision for storage of fuel

on a temporary basis until it is in a satisfactory state for dispatch from
site. This storage may be dry or in water according to the installation but
common elements to be considered include the following:

(a) Irradiated fuel should only be stored in approved locations.
(b) Storage should conform to approved configurations with QA procedures

to ensure compliance with criticality requirements, and for example
may also specify neutron absorber limits.

(c) The condition of the coolant should be controlled to avoid
overheating and corrosion of the fuel and buildup of activity, and to
maintain the purity of the coolant.

(d) Check radiation protection requirements are complied with and that
equipment is correctly used to minimize doses.

(e) Check that there are adequate records of the identification and
history of all storage facility contents.
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5.7. Computer capabilities

References; 5.7.A. Reviewing Computer Capabilities in Nuclear Power
Plants, Supplementary Guidance and Reference Material
for IAEA OSARTs, IAEA-TECDOC-561, Vienna (1990).

5.7.B. Manual on Quality Assurance for Computer Software
Related to the Safety of Nuclear Power Plants.
Technical Reports Series No. 282, IAEA, Vienna (1988).

Objectives
5.7.1. The general objectives in utilization of on-site and off-site
computers are in the broadest sense to enhance safety and effectiveness at the
plant. A programme for utilization of computer capabilities and applications
should be established and implemented to verify and support the safe operation
of the plant. Utilization of computer capabilities may vary greatly between
different plants. The programme for utilization should therefore clearly
define the categorization of the applications: safety related or not, and the
degree of automation.

5.7.2. To ensure the appropriate operation of different computer systems and
computer applications according to its designed function a Computer Quality
Assurance Programme should be established.

Preparatory work

5.7.3. Documents to be reviewed in advance (when available):
Overview of computer applications including process computers and
other systems for data acquisition and processing, management and
reliability analysis.

5.7.4. Documents to be made available for review at the plant (depending on
the extent to which computer capabilities are used):

- Programme describing the utilization of computer capabilities
- List or schematic describing computer applications

Definition of safety related and non-safety related computer
applications or systems, including administrative applications or
systems
Definition of which applications or hardware installations are
treated as computer systems - e.g. are microprocessor equipment
controllers to be treated as computer systems or as control
systems?
Administrative procedures which define the organization,
objectives and responsibilities of computer personnel

- Computer QA manual and/or software QA manual
- Qualifications of personnel involved

Selected procedures
- Log books

List of documents for hardware and software maintenance
Procedures for modifications, updates and correction routines

Investigations

5.7.5. Verify that a programme exists for the utilization of computer
capabilities and computer applications are in use to enhance the safe
operation of the plant and to increase the efficiency of work. Ensure that
the programme for computer utilization clearly and correctly defines the
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categorization of the applications: safety related or not, and the degree of
automation. In the programme there should be definition of the systems and/or
specific equipment that are to be defined as computer systems.

5.7.6. Verify the organizational charts for the computer utilization
programme, e.g. that they meet the objectives, that they show how
responsibilities are shared between the plant and its corporate head office
(if applicable) and that this sharing of responsibilities is in line with the
organizational chart.

Review the management and end-users (control room operators)
satisfaction with how the objectives for computer capabilities are met.

5.7.7. Review the Computer Quality Assurance Programme, which may be a
written paper referring to different procedures and instructions, or it may be
a collection of such documents. Depending on the degree of computer
utilization the Computer Quality Assurance Programme may vary in scope and
content, but the full programme should contain the following items:
organization and responsibilities, computer documentation, software quality,
coding methods, database organization, emergency recovery, backup routines,
system security, modification, update and correcting routines.

Ask for a list of documentation and by picking examples, verify that
documents have been updated to reflect the actual situation, and that
procedures for preparing, revising, administrating and storing of documents
are followed.

5.7.8. For the objectives of emergency recovery, backup routines,
modification, update and correcting routines, system security and training and
qualifications, ask for procedures and written documentation and verify that
these objectives are met.

Use the following activities which may enhance the reviewing process:

- Verification of, and/or participation in, the performance of
manual backup routines for use in case of computer failure

Verification that source code for programs are written according
to specified rules

- Participation in, and/or verification that, backup routines for
backup secondary memories are carried out according to procedures

Review of storage facilities for backup copies
Participation in performance tests

Verification that modifications have been implemented in
accordance with procedures. (This could be, for example,
checking that documentation has been correctly updated)
Participation in planning or review meetings concerned with
modifications

Participation in, and/or verification that, repaired circuit
boards are functionally tested before installation

Participation in training activities
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5.7.9. Assess computers and applications efFectiveness by asking for the
relevant procedures and written documents.

Review that availability measurements take place and that the
measurements are evaluated. Verify that objectives in this area are met by
conducting performance tests. Verify that procedures are followed and, if
possible, be present when tests are performed. Verify that the objective of
having a strategy to make improvements and to develop systems is met by
checking long-term planning at the plant.

Interview end-users, i.e. control room operators, about their
attitude to the utilization of computer capabilities.

5.7.10. Review how the experience feedback is used and verify that experience
feedback is not only drawn from end-users on site.

Verify that feedback from regulatory bodies and/or institutions is
taken into account in accordance with procedures or other written documents.
Verify if possible that the plant or the company participate in formal or
informal users' groups.

Participate in routine or special scheduled meetings, e.g. a feedback
meeting and/or a user group meeting.

5.7.11. Verify that measures are taken by the plant to assure the supply of
spare parts, as well as hardware and software specialist assistance from
vendor or other institutions. Verify also that training assistance from
vendor or another institution is available. If test systems are used at the
plant or available at another location, review that they are used according to
procedures.

5.7.12. To ensure high quality in the process of designing and maintaining
computer applications a special quality programme for software and database
management should be established. To verify this, the relevant procedures and
written documents should be reviewed and the source code, database management
and general handling routines for software should be checked.

5.8. Technical Support - Checklist

5.8.1. Organization and functions

o Plant organization chart
o Technical support organization chart and responsibilities and

interface with other organizational units
o Off-site support
o Administrative procedures and policies
o Staff size
o Work load - contractors
o Job description - what levels are included
o Qualification requirements
o Personnel attitude to safety matters

5.8.2. Surveillance programme

o Overall surveillance programme
o Organizational charts for the programme
o Responsibilities, overall coordinator or various coordinators
o Scope of the programme

- equipment, procedures and personnel included
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- related to Tech.Specs.
related to reliability targets for safety systems
both safety and non-safety related systems/components
included

o Surveillance test procedures
cross-reference to the basis (e.g. Tech.Specs.) for
surveillance activities

- acceptance criteria and data forms for parameters
- format of procedures
- revision of procedures
- requirements on special tests
- plant safety committee involvement
- execution of surveillance tests

o Scheduling
master schedule, distribution/updates
coordination with maintenance activities

- tracking of test records, e.g. latest executed test
test time interval including time tolerances

- procedures for overdue tests
o Review of test results

initial review
corrective actions

- independent review
graphical trending of results

- applicable regulatory and plant management reports
evaluation process for feedback of results to the programme
indicators for evaluation of the effectiveness of the
surveillance programme

5.8.3. Operational experience feedback
o History and organization

overview of plant safety significant events
- organization and responsibilities

experience and training of review personnel
- sufficient resources and dedicated manpower
- existence of an overall procedure

o Initial treatment of in-house events and deviations
- initial collection and documentation of information
- screening criteria for significance

storage and retrieval system
plant safety committee role

o In depth investigations
determination of direct and root causes and generic
implications
evaluation of events with human factors involvement
trend analysis of events and equipment failures

- documentation of investigations
o Implementation of corrective actions

decision and prioritization of suggested corrective actions
assignment of corrective actions
coherence with existing plant modification process

- tracking system for corrective actions
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o Reporting to the external nuclear community
relevant events reported

- correct information
- timely
- use of external organizations

o External operational experience feedback
use of external resources
plant screening process
evaluation of applicable information
resulting corrective actions

o Internal dissemination of information
key personnel included
internal and external information included
timely and updated

- included in training

o Effectiveness of the programme
trends of the results

- effectiveness review existence
- the plant safety committee role
- prevention of recurrence

5.8.4. Plant modifications

o Administrative procedures for major and minor modifications
o Scope of the modification programme
o Coordination between on-site, head office and contractors'

personnel
o Requirements from operations and maintenance for implementation

of modifications
o ALARA considerations
o Formal interdisciplinary/ technical review and approval for

safety related modifications as well as plant safety committee
involvement

o Tracking (documentation included) of each step/ starting with the
initial request, of each

o Turn over of a modification to plant personnel (operations)
o Procedure and responsibility for updating documentation,

interface with operation procedures and QA
o Plant personnel training on modified systems

5.8.5. Reactor engineering

o Procedures for reactor engineering; consistent with Tech.Specs.,
FSAR and vendor recommendations

o Procedures for nuclear instrumentation, calibration and flux
mapping

o Qualification requirements for reactor engineering personnel
o Responsibilities, on-site and head office personnel
o Reactor engineers on duty - non-routine activities (e.g.

refuelling off load, first start-up after refuelling)
o Monitoring and trending of important core parameters
o Applicable reports to plant management
o Fuel assembly history programme
o Refuelling procedures
o Core operating procedures during power escalation
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o Fuel integrity parameters
o A 'sipping1 programme for detection and location of leaking fuel.
o Action plans for dealing with failed fuel

5.8.6. Fuel handling

o New fuel storage
- responsibilities

procedures and arrangements for receipt, storage and handling
prevention of critical configurations and deterioration
during storage
access and key control

o New fuel inspection
fuel inspection according to QC documentation
transportation or handling damage

- acceptance standards and non-conformity procedures

o Fuel loading and unloading
authorization and clearance with control room supervisor
radiation protection provisions for handling of irradiated
fuel

- records of all fuel handling steps

o Irradiated fuel storage
storage in approved locations
radiation protection requirements

- controlled condition of the coolant, purity of the coolant
- material condition of the storage and around the storage

(spent fuel pond)

5.8.7. Computer capabilities

o Computer capabilities and computer application programme ; safety
related or not

o Organizational chart for this programme, responsibilities between
on-site and head office

o Procedures for documentation
o Scope of computer quality assurance programme
o Backup procedures and routines
o Availability measurements and performance tests
o Experience feedback from computer applications
o Supply of spare parts
o Hardware and software specialist assistance
o Quality programme for software and database management
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written policy statements regarding the ALARA principle. Ascertain that all
levels of management and workers have a responsibility for radiation
protection and safe work practices within the limits of their ability and
training. Determine whether management and the radiation protection group
have taken adequate measures to motivate workers to comply with radiation
protection requirements.
6.1.7. Examine the radiation protection organization and evaluate how
radiation protection functions are delegated. Assess the adequacy of staffing
and review the training and experience requirements for each position. Verify
that all individuals meet the indicated requirements. Examine the retraining
schedule and determine how staff are kept updated of national and
international developments in the field of radiation protection. Verify that
the radiation protection group has sufficient professional/ technical or
engineering personnel or has adequate access to other engineering personnel to
support the activities of the radiation protection group. Assess the special
provisions, if applicable, for organization and supervision of outside
contractors during outages.
6.1.8. Determine the specific responsibilities of the radiation protection
group. Identify the types of interactions of the radiation protection group
with operations group, the technical group and the maintenance group etc.
with respect to the day to day application and implementation of radiation
protection regulations, standards and practices throughout the NPP. Identify
the main tasks performed and services provided by the radiation protection
group. Determine if the radiation protection group reacts in a timely manner
to requests made by operations and other groups. Examine how different points
of view are resolved. Identify examples of types of difficulties that were
resolved in the past. Assess if some problem areas are still unresolved.
6.1.9. Assess the independence and authority of the radiation protection
group. Determine if the radiation protection group has the authority to stop
work if radiation protection practices are judged to be unsafe, and if there
have been incidents or circumstances where this has actually occurred.
Determine if the radiation protection officer participates in policy
discussions and if he has direct access to the plant manager. Determine if the
guidance and work of the radiation protection group is considered and if their
recommendations are implemented by plant management. Determine if the budget
and resources of the radiation protection group are sufficient to perform its
responsibilities and if additional resources can be made available when the
necessity arises.
6.1.10. Determine whether the radiation protection organization plays an
active part in the development and delivery of radiation protection training
for NPP staff and examine their specific role, if any, in the training and
qualification of control room operating staff.
6.1.11. Examine the role, if any, of the radiation protection group in the
development of site specific technical standards and specifications associated
with radiation protection aspects of NPP operations (e.g. specifications for
radiological instrumentation, protective equipment, dosimetry, etc.)

6.1.12. Examine the role, if any, of the radiation protection group in
reviewing or jointly approving certain operating manuals, maintenance
procedures etc. governing reactor and auxiliary systems where occupational
radiological hazards may be present.
6.1.13. Review the approach used to control radiation exposures arising from
the operation of the plant. Determine how radiation protection policies,
criteria, procedures, administrative limits, goals, etc. are set. Identify
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which parameters are used to evaluate the effectiveness of the radiation
protection programme (e.g. collective dose of individual work groupsr total
NPP collective dose, frequency and severity of unplanned exposures in excess
of administrative and regulatory limits, unavailability of radiation
protection systems, activity released from gaseous and liquid effluents,
frequency of unmonitored releases to the environment, radioactive waste volume
reduction, etc.). Determine which work groups, work activities and plant
systems are associated with large dose expenditures. Evaluate how problems
are identified, assessed and reviewed for trends and how deficiencies are
corrected. Determine if significant radiological events are subjected to
formal root cause analysis and evaluate how lessons learned from past
occurrences are incorporated, when appropriate, into revised plant policies,
procedures and practices.

6.1.14. Determine how the radiation protection group ensures that appropriate
quality assurance activities are performed with respect to document control,
equipment calibration, record management, etc. pertaining to radiation
protection activities. Assess how the radiation protection group actually
monitors and evaluates its performance and effectiveness and if it is
subjected to internal and external audits.

6.2. Radiation exposure/Radiation work permits

References : Same as 6.1.

Objectives

6.2.1. Sources of external and internal radiation and radiation exposure
should be kept as low as reasonably achievable (ALARA). This principle should
apply both to individual and to collective doses. The primary responsibility
for optimizing personnel radiation exposure is normally assigned to the
radiation protection group. In addition, all levels of line management and all
site personnel should have an individual responsibility for keeping the
exposures as low as reasonably achievable.

Preparatory work

6.2.2. Documents to be reviewed in advance (when available):
- Site radiation protection regulations, or pertinent extracts

6.2.3. Documents to be made available for review at the plant:
- Procedures for external dose monitoring
- Classification of areas (controlled, supervised)
- Classification of zones according to radiation levels and

contamination
- Classification of personnel according to maximum exposures

Distinction between occupationally exposed personnel, personnel
with limited exposure and occasional visitors

- Programme for dose budgeting and limitation of exposure
Selected radiation work permits
Selected radiation survey records

Investigations
6.2.4. Since worker knowledge is vital to external and internal exposure
control, review the information provided to radiation workers. Ascertain that
general employee and radiation worker training is provided and review any
special handbooks or other material provided to the workers for use at the job
site. Question workers and observe their activities at radiation job sites to
evaluate their grasp of the essential information.
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6.2.5. Evaluate the radiation work permit (RWP) programme and its
implementation. Determine if RWPs are prepared and issued only by individuals
who have been fully trained in the plant's RWP procedure and have been
authorized by line management and/or by a radiation protection manager.
Determine whether the content of the radiation work permit provides all
information necessary for worker protection.
6.2.6. Observe the demarcation, posting and control of radiologically
controlled areas. Evaluate the physical layout of the access point to
radiologically controlled areas and determine whether they are appropriate for
the dissemination of information, the issue of special personnel dosimetry and
protective equipment etc. At such areas, observe if workers typically read
and sign RWPs, receive additional dosimetry and respiratory equipment, notify
radiation protection personnel of intended work and consult on current
conditions and special work practices. Evaluate whether adequate manual or
automatic personnel contamination monitors are present at the access point to
radiologically controlled areas and observe if all personnel use these
monitors before exiting as an additional verification that they are free of
contamination. Assess if radiation workers or radiation protection personnel
undertake appropriate radiological surveys at this access point for release of
articles to ensure that they are free of loose contamination and that
radiation levels are below specified levels.

Observe if manual or computer assisted systems are used at the access
control point to verify that the radiation worker status is current with
respect to his dose record, training, respirator fit test and any other
special requirements.

6.2.7. Observe the preparation, demarcation, posting and control of
individual work sites. Determine if individual work sites are marked off and
posted with signs which indicate actual radiological conditions. Ascertain
that step barriers and associated provisions for contamination control are
present. Assess if special shielding and low radiation 'waiting areas' are
provided, where appropriate. Observe if access to areas in which exposure
rates exceed specified values is locked to prevent unauthorized entry. Verify
that the placement of postings and the labelling of hot spots provides precise
information on localized radiation conditions.

Observe several examples of work involving significant radiation
hazards to verify the appropriate application of protective measures.
Ascertain that work supervisors, workers and radiation protection personnel
meet prior to the job to go over details and review the requirements of the
RWP.

6.2.8. Ascertain that the the radiation survey programme ensures that
radiation surveys characterize radiological conditions (including internal
exposure hazards ) in an accurate and timely manner. Determine if the
programme of routine surveys is sufficiently comprehensive to provide required
information on radiation conditions inside and outside radiologically
controlled areas. This programme should include provisions for trending
radiation levels, problem areas and hot spots. Review the programme for
producing, maintaining, retrieving and using radiation survey records to
assure that effective use can be made of this information.
6.2.9. Determine what special provisions are made for unusual hazards.
Ascertain that special procedures exist for planning RWPs for "high hazard"
work where very high radiation fields exist, where there is a likelihood of
encountering airborne activity or dramatic changes in radiological conditions.
Review the guidance provided in these procedures with respect to provisions
for undertaking detailed hazard analyzes, mock-ups, rehearsals as well as any
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special arrangements, special radiological monitoring, use of cameras for
remote surveillance of work, etc.

6.2.10. Ascertain that the ALARA principle is involved in all stages of work
planning and execution. Determine how all levels of plant management of all
technical and maintenance groups etc.. express their commitment to the ALARA
principle and also how they incorporate it in day to day actions and work
practices.

Identify specific examples of the practical means by which the ALARA
principle is being implemented. In some cases, the ALARA programme may be
formally administered by a specific radiation protection ALARA group. Review
the use of collective exposure goal setting in the ALARA programme.

Determine if individual plant organizational groups (e.g. operations
group, maintenance group, technical support group, etc..), monitor their own
collective dose expenditures. Identify what specific arrangements or
provisions are undertaken to reduce exposures and collective doses for each
work group, including contractors. As a prerequisite for approval of
individual exposures beyond administrative limits, verify that work
supervisors and managers are obligated to report on specific ALARA measures
they will employ for workers under their authority.

Determine if special provisions are made by management, such as ALARA
recognition awards to individuals who have made suggestions or implemented
actions which have resulted in significant reduction of individual or
collective exposure.

6.2.11. Examine how internal exposures are controlled, such as by the degree
to which work areas are kept free of airborne and loose surface'
contamination. Ascertain that the plant has an effective containment and leak
reduction programme as well as good 'housekeeping1 practices. Where leakage
of contaminated liquids cannot be prevented, ensure that it is controlled
through the use of bunds and collection devices. Evaluate how the plant
minimizes the spread of contamination.

6.2.12. Observe how contamination surveys for personnel monitoring are
performed and assess the adequacy of the locations selected for personnel
monitoring. A programme of effective response to the detection of personnel
contamination, including, recording, decontamination, cause determination,
prompt corrective action and exposure assessment, should be in place. Examine
records documenting this programme to evaluate its effectiveness.

6.2.13. Review the plant programme for movement and transfer of tools,
equipment and materials. Ascertain that the flow of tools, equipment and
materials across the radiologically controlled area boundary is minimized and
that procedures and equipment are in place to assure effective release surveys
when such transfers occur. Determine whether a system for contaminated tool
storage and issue (utilizing hot tool cribs) is in place. Good practice calls
for the segregation and dedication of tools used in radiologically controlled
areas. The plant's decontamination capability should be reviewed to verify its
capability to control the volume of contaminated items. Special provision
should be made for the inventory, storage and retrieval of tools and special
equipment used during outages.
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6.3. Internal radiation exposure

References; Same as 6.1.

Objectives

6.3.1. Internal radiation exposure should be kept to a level as low as
reasonably achievable (ALARA). Work in contamination zones requires
consideration of appropriate protective clothing, respiratory protective
equipment and contamination control measures. Protection efforts should take
into account/ and attempt to mitigate, the possibility that as a result of
using protective equipment, there may be increases in working time, dose
expenditures, additional manpower requirements and some potential adverse
effects on industrial safety.

Preparatory work

6.3.2. Documents to be reviewed in advance (when available):
- Site radiation protection regulations

6.3.3. Documents to be made available for review at the plant:
Procedures for removal of equipment from the controlled area
Procedures for the use of protective clothing and respirators
Procedures for monitoring airborne activity and surface
contamination
Procedures for cleaning and decontamination of areas and equipment

- Procedures for monitoring personnel, including monitoring for
internal deposition of radioactivity, whole body counting,
bioassay and part-body counting, if appropriate

Investigations ,

6.3.4. Review the plant procedures for the control of personnel
contamination. Ascertain that eating, drinking, smoking and chewing items in
radiologically controlled areas is prohibited. Evaluate worker understanding
of the reasons for contamination control measures and the importance of full
compliance with requirements. Determine whether routine whole body counting
is performed upon initial entry to the plant, at periodic intervals and upon
final departure. Examine if incident related whole body counting or bioassay
is also undertaken to provide information on exposure to airborne radioactive
material and for assignment of organ or effective doses.

6.3.5. Determine if proper use of protective equipment is emphasized through
practical factors (hands on) training and through posted instructions at major
entry areas.

6.3.6. Ascertain that the plant's design to maintain air flow from clean to
contaminated areas is compatible with the programme for the control and
monitoring of airborne contamination. Wherever possible, local portable
ventilation systems (including filtration) should be employed in lieu of
personnel respiratory protection devices.

6.3.7. When such engineered measures cannot be employed, ensure that
personnel respiratory protection devices, supported by a documented programme
of training, quantitative fit testing, medical certification, confirmatory
whole body counting and bioassay, where appropriate, are employed to minimize
personnel internal exposure. Ascertain that such a programme includes formal
training and procedures regarding selection, issue, cleaning and repair of
respiratory protection devices.
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6.3.8. Determine if a programme of air sampling and airborne exposure
tracking over time is employed. Ascertain that such a programme includes
timely air sampling and evaluation which is coordinated with the worker's
presence in the area. Ascertain that the protection factor provided by each
respirator is considered. Determine if periodic whole body counting or
bioassay, if appropriate, is employed for confirmation.

6.4. Radiation protection instrumentation, equipment and facilities

References; Same as 6.1.

Objectives
6.4.1. The operating organization should provide adequate radiological
instrumentation, facilities and equipment necessary for the radiation
protection programme. The equipment and devices used to obtain radiological
measurements and doses should be calibrated, maintained and used so that
results are accurately determined.

Preparatory work

6.4.2. Documents to be reviewed in advance:
- List of types and numbers of fixed and portable instruments

6.4.3. Documents to be made available for review at the plant:
Calibration and maintenance programme for radiation protection
instrumentât ion

- Location of fixed instruments for radiation monitoring of areas
and processes
Layout of the radiation protection laboratories, the locker rooms
and stores for radiation protection material
Arrangements for access and exit to the controlled area(s)
List of special instruments (dose rate alarm, dose alarm) and
contamination monitors (fixed and portable)

Investigations

6.4.4. Review the inventory and the condition of instruments used for
radiation surveys and for measuring alpha, beta, gamma and neutron radiation.
Review the location of fixed instruments for monitoring personnel
contamination, and observe radiological monitoring of areas and processes.
Verify that the number of survey instruments is adequate for both normal
operations and outage conditions. Verify that fixed area monitoring equipment
is operating and provides dependable information read out at appropriate
locations. Examine the location of fixed personnel contamination monitors
relative to traffic flow. Examine effluent monitoring systems, and the remote
radiological instrumentation located in the main control room.

Examine whole body counters and visit the laboratory where personnel
monitoring devices, such as thermoluminescent dosimeters, are processed.
Review instrumentation provided for post-accident measurements and analyses
and verify that monitoring ranges are adequate. Inspect post-accident
sampling facilities, if they exist, and verify that appropriate samples can be
safely taken and transported.

Review the number and types of devices for air sampling, and
interview the radiation protection personnel regarding the programme for
taking air samples in contamination zones. Check the interpretation and use
of measurements obtained from instruments for radiological assessment of air
samples.
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6.4.5. Examine calibration facilities and equipment which involve the use of
large radiation sources and assess whether all necessary measures for safe
operation are in place. Interview those responsible for calibrating, testing
and maintenance of instruments. Review calibration and quality control
procedures and examine calibration and quality control and test records.
Verify that the calibration equipment is capable of performing multiple point
calibrations. Determine when calibrations are performed, such as prior to the
first use of the instrument, after repair or maintenance and when readings are
suspect. Ascertain whether there is an established schedule for routine
calibration of all instruments. Examine the calibration and test records for
the instruments and check whether the instruments are marked with the latest
date for calibration. Observe whether the radiological survey equipment is
source checked before use or daily.

Review the system employed to assure quality control of equipment and
measurements in the radioactive material counting room, of the whole body
counters and in the personnel monitoring equipment laboratory. Examine
records and verify that corrective measures are promptly instituted when
necessary. Conduct similar reviews of effluent monitoring instrumentation and
post-accident instrumentation.

Review the plant's status with regard to any required certification
or peer review programmes in such areas as personnel monitoring equipment,
source calibration and personnel bioassay, if there is a high potential for
significant internal uptakes.

6.4.6. Review the types and amounts of protective clothing and respiratory
protective equipment. Check the rules given for using such equipment. If
protective clothing and respirators are cleaned at the site, examine the
cleaning facilities and assure that appropriate monitoring equipment and
techniques are applied to articles which are being returned to service. Look
at various miscellaneous supplies such as movable shielding, signs, ropes,
stands and sampling equipment.

6.4.7. Ensure that adequate facilities are provided for laundry and storage
of protective clothing and that change and shower rooms and personnel
decontamination facilities are available. A health physics operations office
as well as a laboratory* for the preparation of samples and a radiation
counting room* should be provided. Equipment decontamination facilities, and
shielded storage space for calibration sources are also needed. Facilities
for waste management, including storage areas for contaminated materials,
equipment and tools, as well as protective equipment, should be provided.
Review special provisions for portable showers and for decontaminating high
level skin contamination.

6.5. Personnel dosimetry

References ; Same as 6.1.

Objectives

6.5.1. Exposure monitoring of individuals and management of dose records
should comply with requirements established by the competent regulatory
authority and should be consistent with the applicable recommendations of the
applicable ICRP. Exposures related to working in a radiological environment,
i.e. controlled areas, should be individually monitored and recorded in order

* These are sometimes shared with the chemistry group.
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to ensure that the ALARA principle is met and that regulatory limits are not
exceeded. Extremity dosimetry should be required for those workers who may be
exposed to significant doses to their extremities (hands and forearms, feet
and ankles). In addition, in situations where significant concentrations of
airborne activity are anticipated, appropriate internal dosimetry should be
available, including whole body counters. Provisions for bioassay as an
additional method for evaluating internal exposure are particularly important
in heavy water reactors where a high potential for significant tritium intake
exists.

Preparatory work

6.5.2. Document to be reviewed in advance (when available):
- National regulations.

6.5.3. Review how all Documents to be made available for reviewing at plant:
- Internal radiological protection regulations

Dose budget for previous year
- Annual report of the radiation protection group
- Report to authorities of doses received on site

Report to contractors of doses received on site
Report of overexposures (if applicable)

Investigations

6.5.4. Ascertain that all personnel who enter controlled areas are provided
with appropriate dosimetry devices and equipment capable of monitoring
exposures from the radiation sources. Review the way dosimetry devices and
equipment are calibrated, how they are used and how their measurements are
identified with the exposed individuals. Determine how routine individual
external exposure monitoring is performed.

Evaluate the methods and models used to convert the output of the
devices to equivalent dose. Check that they are consistent with appropriate
recommendations of the ICRP, ICRU, IAEA, etc.. and also comply with regulatory
requirements. Ensure that dosimetry operations are performed, and results are
interpreted by qualified persons. Verify that appropriate methods are
employed to ensure that doses resulting from exposures to gamma, beta and
neutron radiation are accurately recorded in mSv.

6.5.5. Identify the quantity and types of dosimetry devices and review
applicable procedures for recovery, processing and recording of results.
Review the procedures and methods used in the event of loss of a dosimeter and
in the event of unusual dosimeter readings. For situations where variable or
non-uniform radiation fields are present, ensure that supplementary dosimetry
devices are used.
6.5.6. Review the provisions for monitoring visitors into controlled areas
of the plant and the requirements for recording doses.
6.5.7. Ascertain that internal contamination is assessed in accordance with
methods approved by the regulatory authority. Review procedures covering
whole body counting and the interpretation of whole body counter results to
verify that accurate effective dose equivalent assignments are made. If
applicable, review procedures for assigning effective dose equivalent
resulting from exposures to airborne contaminations and examine the plant's
bioassay programme, particularly its ability to properly assign internal doses
exposure values for isotopes for which whole body counting is ineffective
(e.g. tritium).
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6.5.8. Review the methods governing the assignment of effective doses,
especially from unusual events such as the loss of a dosimeter or exposures to
unknown radiological conditions or significant skin contamination. Determine
how suspect or anomalous results are handled. Ensure that a system of
reporting to management and, where required, national authorities is in place.

Examine personnel dosimetry results over time and verify that trends
are sought, reported and used as a basis for action. Review the latest annual
report to the authorities. Determine how previous contractor exposures are
obtained and how reports of contractor exposures received at the plant are
made available for future use.

6.6. Radioactive waste, effluent monitoring and controls and environmental
surveillance

References; Same as 6.1.

Objectives
6.6.1. Waste generated on site during operations and maintenance should be
properly identified, handled, segregated and managed. Liquid and gaseous
effluents from the plant should be monitored and controlled effectively and
according to regulations under all conditions. Solid waste disposal and
effluent releases should be documented as required and an environmental
surveillance programme should be in place.

Preparatory work

6.6.2. Documents to be reviewed in advance (when available):
- National regulation on effluent releases
- National guidelines for storage transport and disposal of solid

radioactive waste
6.6.3. Documents to be made available for review at the plant:

- Procedures for the monitoring and control of gaseous liquid waste
and for the handling of solid waste
Schematics of the waste disposal system

- Solid waste inventory
- Record of solid waste dispatch from site
- Descriptions of installed monitoring systems

Investigations

6.6.4. Review the solid waste management programme and observe the way it is
implemented. Check the procedures for collection, storage, handling,
packaging and labelling of radioactive waste and the programme for waste
volume reduction. Ascertain compliance with applicable regulations and
procedures for preparing radioactive waste for transportation. Review
procedures for waste solidification and dewatering. Observe work and evaluate
the level of worker attention to industrial safety.

6.6.5. Evaluate how goals are set to reduce the solid radioactive waste
volume and how progress in meeting these goals is reported to management.
Determine if site personnel are trained and participate in, minimizing the
generation of radioactive wastes.

Verify that radioactive waste is stored in a manner that minimizes
exposures, and that it is adequately prepared and labelled for transportation.
Check that approved containers, segregated storage areas or special storage
locations are used to ensure that radioactive waste is segregated from other
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stored material. Interview the radiation protection personnel regarding
procedures for handling radioactive waste and check the use of warning signs
and tags. Interview workers involved in transportation of waste to determine
their knowledge of actions to take in accidents or emergencies.

6.6.6. Review the quantity of radioactive material in gaseous and liquid
effluent releases to the environment, on an annual basis. Ascertain that
releases are not only well below authorized limits, but also as low as
reasonably achievable. Determine how the annual ALARA goals are set for
effluent releases. Verify that operating actions which adversely effect these
goals are subject to an ALARA review and special authorization. Determine
whether water chemistry and appropriate water treatment systems serve the
ALARA principle.

Review the procedures for monitoring, trending and controlling
effluent releases, including administrative procedures. Review effluent
release permits, book keeping and reports (internal and to the regulatory
authorities). Review the installed monitoring system. Ascertain whether
normal effluent release paths are continuously monitored and there is
automatic alarm and termination of releases if specified limits are exceeded.
6.6.7. Review the plant's procedures and equipment for determining potential
and actual post-accident releases. Verify that samples can be safety
obtained, transported and analyzed. Ascertain that the ranges and capability
of the radiological monitoring and analytical instrumentation are adequate to
ensure that expected activity levels can be estimated in samples required to
be analyzed in emergency conditions.

6.6.8. Examine plant systems and layout for possible unmonitored effluent
pathways. Determine what monitoring equipment is available and what sampling
procedures are in place to detect and to measure releases through normally
unmonitored effluent pathways. Examine records of related sample analyses and
monitor readings. Review past actions in this area with regard to reporting,
mitigation and corrective action.

6.6.9. Review the environmental surveillance programme, considering the
arrangements for sampling, the environmental media sampled and the
radionuclides monitored. Review the analytical procedures used to analyze
environmental samples. Review the methods used for calculating doses to
critical groups and to populations including the use of site specific data or
default values for dispersion. Review environmental monitoring results for
trends and agreement with effluent monitoring results. Ensure the application
of the ALARA principle.

6.7. Radiation protection support during emergencies

References; Same as 6.1.
Objectives
6.7.1. The programme for radiation protectio'n support during emergencies
should be comprehensive and serve the purpose of minimizing both worker
exposure and the exposure of the general public to the full extent consistent
with emergency conditions. Procedures should be in place to cover technical
support, particularly for timely off-site dose projections and to cover
operational support for in-plant activities. Periodic training and practice
exercises should be undertaken to ensure an effective response in the event of
an emergency.
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Preparatory work

6.7.2. Documents to be reviewed in advance (when available):
- A general description of the plant's emergency plan with special

emphasis on the part played by the radiation protection
organization

6.7.3. Documents to be made available for review at the plant:
- Emergency procedures which apply to the radiation protection

organization
- Drawing of the emergency facilities

Inventory of radiation protection equipment reserved for
emergency use

Investigations

6.7.4. Review the radiation protection emergency procedures. Verify that
they clearly detail radiation protection responsibilities regarding off-site
dose projection and radiological measurement, evaluation of on-site
radiological conditions and provision of support to emergency entry and
repair teams.

6.7.5. Ascertain that appropriate limits and guidance is provided to govern
doses associated with emergency entries to save safety related equipment and
with life saving operations.

6.7.6. Review the training provided and verify that appropriate portions are
given, at lease annually, to each individual in the radiation protection
organization. Areas included normally cover such matters as: providing on a
timely basis the required information and measurements for performing dose
projections; timely monitoring and control of radiation exposure conditions in
emergency facilities and assembly areas; verifying authorized exposure status;
equipping, briefing and accompanying emergency entry and repair teams; and
providing timely on-site and off-site radiological monitoring. Verify that
all radiation protection personnel have successfully completed their most
recent training.

6.7.7. Determine the frequency of emergency drills and the extent to which
radiation protection personnel are involved. Verify that all radiation
protection personnel can be expected to be proficient in the event of an
actual emergency.
6.7.8. Examine the storage locations for emergency equipment and supplies.
Verify that appropriate numbers of the required instruments are present,
operable and in calibration.

6.7.9. Review the critiques of past emergency drills and verify that
observed problems have been corrected.

6.8. Radiation protection - Checklist

6.8.1. Organization and functions
o Radiation protection programme based on regulatory requirements

- Radiation protection standards based on ICRP recommendations
- ALARA principle applied to individual and collective doses

and to environmental releases
- System of dose limitations
- Provisions for setting policies, criteria, administrative

limits, etc.
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o Staff
- Organization chart, staffing, training and experience

Availability or access to required technical and engineering
staff

- Adequate supervision during outages

o Roles, responsibilities and duties
Reflected in formal plant policies and procedures
Services provided on a timely basis

o Independence and authority
Authority to effect work stoppage

- Participation in NPP policy decisions
- Access to plant manager

o Use of goals and performance indicator
Collective exposure
Use of operating experience
Gaseous and liquid releases to the environment

- Solid waste volume
- Frequency and severity of unplanned exposures and

radiological incidents, etc.

6.8.2. Radiation exposure/Radiation work permits

o Worker knowledge of conditions and requirements
- General employee training
- Provision of essential information on radiation protection

Posting of most recent radiological survey results
- Understanding of radiation work permit provisions

Additional training for special jobs

o Preparation and control of access to radiological areas
- Physical layout conducive to administrative control
- Provision to read and sign radiation work permit

Verification of worker current dose status
- RWP authorization

Notification and consultation with radiation protection group
- Issue of additional dosimetry
- Availability of protective equipment and radiological

instrumentation

o Specific job work sites
Posting
Barricades, shielding and step barriers

- Radiological surveys during performance of work
- Special controls for high radiation areas
- Marking of hot spots
- Identification and segregation of radioactive wastes

o Radiation work permit programme
- Permit contains all information necessary to ensure

protection
Timely and based on current survey information
Authorizers trained and approved
Current sign on required for access authorization
Back-out criteria for "high hazard" work
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Routine radiation surveys
- Appropriate frequency of measurements

Trending of survey results
- Radiation work permit surveys
- Airborne surveys synchronized with worker exposure to

airborne contamination

Radiation work coverage
- Pre-job briefing
- Radiation protection presence as specified by the RWP
- Timely observations by work supervisors
- Special provisions for dose intensive jobs
Application of the ALARA principle
- Commitment of all levels of management
- ALARA evaluation for work involving significant exposure

rates or large dose expenditures
- Monitoring of annual collective doses of operations group,

maintenance group, technical support groups, etc..
Additional administrative requirements for approval of
special exposure extensions

- ALARA awards

Personnel contamination surveys
Manual and automatic

- Appropriate sensitivity
Actions to be taken upon detection

- Whole body counting and bioassay, if appropriate

Movement and transfer of tools, materials and equipment
Segregation and dedication of and hot tools

- Special storage of outage equipment and materials
- Radiological survey and permits for release of items
- Tool and equipment decontamination

6.8.3. Internal radiation exposure
Worker knowledge of conditions and requirements
- General employee training

Provision of essential information on radiation protection
Posting of most recent contamination survey results

- Radiation work permit provisions
- Additional training for special jobs

Personnel contamination control measures
Procedures and instructions to workers regarding ingestion
and inhalation hazards

- Protective clothing and respiratory protective equipment
- Containment and and control of leakage
- Minimizing contaminated areas and general 'housekeeping1

practices
- Job site preparation and subsequent decontamination
- Surveys for loose surface contamination
Control of airborne radioactive material
- General and local ventilation
- Contamination control and good "housekeeping" practices
- Air sampling and tracking of exposures to airborne material
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6.8.4. Radiation protection instrumentation, equipment and facilities

o Types
Sufficient availability and access

- Portable, fixed and laboratory
- Whole body counters and personnel monitoring equipment

Effluent monitors
Air sampling and monitoring devices
Post-accident monitoring capability

o Calibration, quality control and source checks
- Identification, maintenance and repair of defective

instruments
- Inter comparisons with outside authorities and other agencies
- Documentation and records

o Protective clothing and supplies
Sufficient availability and access

o Facilities
Radiological area control points
Office and laboratory space

- Calibration facilities
- Whole body counter and personnel monitor processing lab
- Decontamination facilities
- Shielded storage facilities
- Facilities for administering first aid

6.8.5. Personnel dosimetry

o Monitoring of exposed individuals and dose record management
consistent with regulatory requirements and ICRP recommendations

o External exposure
- Assignment and issue of primary and additional dosimetry
- Evaluation of primary dosimetry

o Internal exposure
- Dose assessment resulting from internal contamination

6.8.6. Radioactive waste, control and monitoring of effluents and
environmental surveillance

o Waste
- Procedures for identification, segregation, collection,

storage, handling, packaging and labelling for transport
Waste volume minimization

o Effluents
- Minimization and targets

Administrative controls for liquid releases
- Release monitoring and controls
- Post-accident monitoring capability \

o Environmental results
- Compliance with regulatory requirements
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6.8.7. Radiation protection support during emergencies

o Procedures

o Training

o Emergency equipment and supplies

o Drills

o Timely radiological monitoring during emergency situations
On-site and off-site measurements

- Emergency entry and repair teams
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7. CHKMISTRY
The primary responsibility of the chemistry department is to

establish the policies regarding the chemical treatment of plant systems with
the aim of ensuring safe long term operation. It must survey specified
relevant plant chemistry parameters and inform the departments concerned of
any abnormal occurrences. It should also provide advice on problems related
to chemistry and provide the necessary services.

In some organizations, the chemistry department is also responsible
for operating the water purification plant, treating or solidifying waste or
operating evaporators and ion exchangers. In addition it usually operates
conditioning circuits which regulate the automatic or semiautomatic addition
of certain chemicals. Administrative procedures and organizational
arrangements should differentiate between operations and surveillance
functions.
7.1. Organization and functions

Reference : None.

Objectives
7.1.1. The organization of the chemistry department should ensure safe
operation, define responsibilities and establish lines of communication lines
inside and outside the department.

7.1.2. The interfaces between the chemical and other departments should be
clearly specified. The chemistry department should be consulted when issues
relating to chemistry are being addressed.

Preparatory work
7.1.3. Documents to be reviewed in advance (when available):

Organization chart of the department

7.1.4. Documents to be made available for review at the plant:
Job descriptions of key personnel
Organization of the staff (including shift manning)

Investigations

7.1.5. Check on the following to ensure that staff are fully informed of
their job specifications and understand their responsibilities.

Information flow between departments
The speed with which abnormal chemical conditions are brought to
the attention of the operations group

- The procedures for resolving abnormal situations
- In the event of unavailability of specialist staff (sickness, out

of hours) there should be adequate instructions available for
other professional chemistry staff to carry out the required
analysis satisfactorily

- Adequate communication with other laboratories and organizations

7.1.6. Verify that the work of the chemistry department is properly
understood and supported by the plant management, and that the plant chemist
is kept fully informed of plant policy. The significance of the information
provided by the chemistry department should be well understood. The chemistry
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staff should react in a timely manner to requests made by operations or other
departments. Chemistry staff should have the authority to influence decision
making relating to systems of a chemical nature.

7.1.7. Check that performance indicators are established and used to improve
chemistry performance.

7.1.8. Check that performance appraisals of staff are effectively used to
enhance individual performance.

7.2. Chemical treatment, materials concept, activity buildup and corrosion

Reference: 7.2.A Safety Aspects on Water Chemistry in Light Water
Reactors, IAEA-TECDOC-489, IAEA, Vienna (1988).

Objectives :

7.2.1. Each plant is operated with a particular chemical treatment regime
for the water and/or steam containing systems. The policy which led to this
chemical treatment should be understood by the chemists in charge.

7.2.2. There should be clearly defined administrative interfaces between the
chemistry section and other groups, in particular to the operations group.

Preparatory work

7.2.3. Documents to be reviewed in advance:
National guidelines if available like:
EPRI guidelines

- EdF guidelines
VGB guidelines

7.2.4. Documents to be available for review at the plant ;
Chemical specifications

- Overview schematics and technical descriptions of the primary,
secondary circuits, cooling and service water systems

Investigations

For PWRs:

7.2.5. Examine the chemical treatment of the primary system (constant pH,
coordinated Li/B treatment, elevated pH treatment). Check that the plant is
being operated to the specified chemical parameters and that the tolerances
allowed are not being .abused. Check that chemistry staff can evaluate the pH
at operational temperature.
7.2.6. Determine whether the primary coolant chemistry approaches the aim of
minimizing corrosion, corrosion product transport, and activity buildup. If
minimization seems to be insufficient, determine whether there is a material
problem (stellite) or whether there is insufficient expertise within the
chemistry section, and indeed whether the chemistry staff have sufficient
authority to ensure appropriate actions are carried out.

7.2.7. Examine the secondary side chemistry. Check if the circuit is being
operated according to AVT (All Volatile Treatment). Check on the use of
non-volatile chemicals to protect the steam generators (phosphate, boric
acid). Ascertain whether water chemistry practices take into account the
materials concept and is consistent with the water purification systems.
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7.2.8. Review the materials concept and how it relates to the chemistry
control used. Corrosion product transport into the steam generators should be
minimized. Release of corrosion products is strongly influenced by erosion
corrosion. Confirm that this type of corrosion is minimized.

For BVTRs:

7.2.9. Determine the quality of stainless steel used in the reactor itself
and the associated components. If the material is not stabilized, verify that
appropriate measures are used to guard against Intergranular Stress Corrosion
Cracking (IGSCC) in sensitized areas. Ascertain how oxygen in feedwater is
controlled (particularly during startup).
7.2.10. Determine whether erosion corrosion in the condensate and feedwater
system is minimized taking due account of oxygen concentration. Check that
the level of crud on the fuel is acceptable.

7.2.11. Check how control is exercised over radiolyses gases (in particular
is low flow steam pipes).

7.2.12. Review standard practices during startup. The water steam circuit
should be operated in a way that avoids the combination of high oxygen
concentration in the aqueous phase, low cycle extension and high temperature.

7.3. Chemical surveillance programme and procedures

References ; 3.3.B. and I.3.B.

Objectives

7.3.1. Chemistry specifications should be provided for all phases of plant
operation including normal operation, load transients, shutdown periods and
laying up of the systems.

7.3.2. Procedures for analysis and measurement should be available and well
understood by the personnel of the chemistry department. Personnel doing the
analysis should be technically qualified and their performance periodically
assessed. Analysis techniques should be appropriate and safe. Evaluated
results should be transmitted in a timely manner to the appropriate
operational personnel.

Preparatory work

7.3.3. Documents to be reviewed in advance (when available):
- Operational and limiting values

7.3.4. Documents to be made available for review at the plant:
- Chemical and technical specifications

Sampling and analytical schedule (normal and abnormal operation)
- Analytical handbook, methods of sampling and analysis, recording

of results
Technical specifications
Quality assurance manual

- Plant chemistry handbook
- Monthly and annual reports - graphic displays

Procedures for effluent control of gases and liquids
- Records of the frequency of control analyses, double checks,

calibration of instruments and intercomparison
Procedures for the disposal of hazardous industrial or chemical
waste
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- Procedures for laying up during outages.
Specifications and management of decontamination of systems and
components

Investigations

7.3.5. Determine the availability of chemistry specifications, schedules and
methods of analysis by means of a combination of interviews, discussions and
observations. Check that the staff understands the methods and the reason for
the analyses. Normal and abnormal values as well as the relationship between
different parameters should be known. Results should be cross-checked.
Abnormal values should be evaluated and reported. Verify that adequate
procedures are available for dealing with plant transients and for handling
abnormal or demanding workloads.

7.3.6. The quality of the analysis results should be verified by suitable QA
procedures. The responsibilities for QA must be defined and the programme
enforced. Review and assess the effectiveness of the instrumentation
calibration procedures. Procedures should clearly define equipment calibration
and checks. Verify the accurate labelling of reagents and samples.Check that
appropriate standards are used and that the quality of water used to prepare
standards and reagents is satisfactory.

7.3.7. Determine how the results of fission product measurements are used to
monitor the integrity of the fuel.
7.3.8. Review industrial safety in the laboratory (protection against fire,
solvents, hazardous chemicals) as well as the availability and use of
protective equipment and instructions.
7.3.9. If raw water with (natural) organic pollution is used for the
production of demineralized water, check that care be taken to assure complete
removal of the organics (especially when the raw water has been chlorinated).

7.4. Operational history and recording of results

References : Same as 7.3.

Objectives

7.4.1. The results of analyses and investigations must be adequately
recorded, evaluated and reported.

Preparatory work

7.4.2. Documents to be reviewed in advance (when available):
- Most recent monthly report

Last annual report'(if applicable)

7.4.3. Documents to be made available for review at the plant:
- Chemistry reports to operation or management
- Chemistry reports on effluent releases

Reports on abnormal chemistry occurrences

Investigations

7.4.4. Review, assess and discuss:
- Internal and external reports
- Responsibilities for reports
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- Handling reports from other departments
- Reports on abnormal situations, input and output

Access to records
Safe storage and retrieval of documents and information

7.4.5. Lessons learned from past occurrences should be incorporated into the
organization and its procedures. Review plant reports of the analysis of
condenser in-leakage, malfunction of the feedwater plant, activity spikes in
the primary coolant, abnormal activity in the waste system, abnormal activity
in air/stack, steam generator leakage or any other relevant transients.
Investigations should be conducted into any unexpected changes in the normal
chemical conditions, even when these changes are within operational limits.
The results should be documented. Observe whether the analysis and data
collected are complete. Check to see that these reports receive appropriate
management review. Check the review of incidents from other plants. Check
that lessons learned have been incorporated into plant policies, procedures
and training, as appropriate.

7.5. Laboratories/ equipment and instruments /

Reference; None.

Objectives

7.5.1. The laboratories should have adequate space, supplies and equipment.
The sampling systems should be reliable and safe. The necessary instruments
for performing the analysis should be available and calibrated.

7.5.2. Water and water/steam circuit sampling systems should be available
which ensure representative samples including dissolved and insoluble
species. - ,

Preparatory work

7.5.3. Documents to be reviewed in advance (when available):
- Layout of sampling systems inside the buildings
- List of major equipment

7.5.4. Documents to be made available for review at the plant:
None.

Investigations
7.5.5. Examine the chemistry facilities. The chemistry laboratories should
typically have the following facilities or equipment:

- Ventilation hoods and radiation shielding
Special devices, pumps and containers

- Storage for chemicals, including hazardous chemicals
- Radiological, counting and spectrometry equipment
- Chemical conductivity meter, oxygen meter, pH meter,

spectrophotometer, gas Chromatograph, ion^specific electrodes and
other equipment needed to support the chemistry needs
Special instruments for spectrometry, ion chromotagraphy, etc.
Off-line instruments, such as atomic absorption)
Computers and software

7.5.6. By review, discussion and observation, assess the appropriateness and
adequacy of the instrument handbooks and their availability. Check that
technicians are familiar with their contents. Calibration standards, sources
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and procedures should be available. Instrumentation should be maintained by
qualified technicians. All equipment should be in good condition. Check
spare parts inventories for adequacy. Cleanliness of the working areas and
sampling points/ including contamination levels, should be observed.
Procedures for the storage, replacement and ordering of chemicals and other
products should be available and properly followed. General good housekeeping
and adherence to safety rules should be apparent. Industrial safety
facilities, such as for eyewash stations, should be immediately available for
use. Check on the need for showering facilities.

7.5.7. Check that analytical equipment is properly calibrated and maintained,

7.5.8. Check that the sampling points for corrosion product measurements are
close to the system being sampled.

7.5.9. Post-accident sampling facilities should be available to permit
sampling of the primary coolant and containment atmosphere. Procedures for
obtaining, transporting and analysing samples under post-accident conditions
should be available. Check that a sample can actually be collected safely
taking into account accident radiation levels. As the main purpose of
post-accident sampling is prediction of the potential hazards to the general
population in the event of releases from containment, the aerosol nuclides
must be determined. Verify that this parameter can be properly evaluated.

7.6. Quality control of operational chemicals

Reference; None.

Objectives

7.6.1. The purity and nature of chemicals which might influence safety
related systems should be specified. Before being used the specified values
should be verified by certification or by chemical analyses.

Preparatory work

7.6.2. Documents to be reviewed in advance:
None.

7.6.3. Documents to be made available for review at the plant;
- List of allowed chemicals
- Procedures to check or analyse the chemicals

Investigations

7.6.4. Verify if there is a list of chemicals and other substances allowed
into the controlled area. Also check that there is sufficient documentation to
ensure satisfactory quality control over the use of the chemicals and
substances.

Check whether the following requirements are met:

Sampling of diesel fuel oil at regular intervals

- The identity of all delivered chemicals (acids, bases, ion
exchangers, lubricants etc.) is verified

Chemicals which might directly influence the coolant, or material
surfaces should be used only on the basis of a certificate of
purity or after chemical analysis
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- Check that the plant has in place adequate arrangements which
ensure that all lubricants used are compatible with the circuit
material (e.g. stress corrosion)

- Unsealed and partly emptied containers should be controlled in
such a manner that the quality of the remaining product remains
in a satisfactory condition

- Check control of reagents to ensure that shelf lives are not
exceeded or that purity is not compromised

7.7. Radiochemical measurements of environmental samples and of
radioactive waste

Reference; None.

Objectives

7.7.1. Measurements should be carried out to determine the level of aerosol
activity and radioactive iodine concentration in the air and for evaluation of
any ground contamination. These measurements should be conducted routinely to
verify the calculations of the health physics group.
7.7.2. The presence of any pure beta emitters and alpha emitting
transuranium elements should be known in the primary circuit and radioactive
wastes in addition to the gamma emitting nuclides. Determination of alpha and
beta emitting nuclides can require difficult radiochemical separation. The
work should be carried out by qualified staff.

Preparatory work

7.7.3. Documents to be reviewed in advance:
None.

7.7.4. Documents to be made available for review at the plant:
- Procedures for environmental measurements
- Procedures for analyses in radioactive waste

Investigations
7.7.5. Skilled staff should be available to carry out radiochemical
separations. Equipment to collect samples of airborne nuclides and of soil,
plants and vegetables should be provided. Procedures for the measurement of
iodine and strontium nuclides in these samples should be available. Determine
whether there is a laboratory (suitable protected or located) which can still
be used after a serious accident at the plant has occurred.

7.7.6. For measurements in radioactive waste, procedures for representative
sampling and separation of the contaminating nuclides should be available.
Radiochemical separation procedures which permit determination of the most
important transuranium elements and pure beta emitting nuclides should be in
use, either at the plant itself or at a contractors' laboratory. Determine
whether there is a procedure available to estimate the concentration of these
nuclides from the results of gamma spectroscopy.
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7.8. Chemistry - Checklist

7.8.1. Organization and functions

o Job descriptions and responsibilities
o Information flow between departments

- routine
- after abnormal events

o Contacts to outside organizations
o Relationship chemistry group/plant management
o Collaboration with the operations department
o Involvement of chemists in the decision making procedures of

management and other sections

7.8.2. Chemical treatment, materials concept, activity buildup and corrosion

o Chemical treatment of the primary system
o Success in maintaining values in the recommended region
o pH evaluations at high temperatures
o Hydrogen concentration
o Activity buildup
o Chemical treatment of the secondary side
o Chemical treatment of auxiliary systems
o Correlation between water chemistry and materials used
o Corrosion and corrosion product transport
o BWR: Is stainless steel stabilized?
o Measures against IGSCC
o Oxygen reduction during startup procedure
o Minimization of erosion corrosion
o Crud deposition on the fuel
o Knowledge about radiolyses gases
o Measures against enrichment of radiolyses gases
o Stress induced corrosion cracking

7.8.3. Chemical surveillance programme and procedures
o Procedures for continuous and abnormal operation
o Specifications, schedules
o Familiarity with methods of analyses
o Normal/abnormal values
o Reporting of abnormal values
o Cross check of results (QA)
o Calibration of equipment QA)
o Recurrent tests of equipment and methods (QA)
o Labelling of chemicals (QA)
o Industrial safety
o Assessment of fuel failures
o Treatment of cooling water
o Organics in raw water

7.8.4. Operational history and recording of results

o Use of operating experience
o External and internal reports
o Responsibility for reports
o Storage and retrieval of documents
o Examination of past occurrences
o Documentation of the analytical results
o Evaluation of experience from other plants
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7.8.5. Laboratories, equipment and instruments

o Space for the laboratories
o Sampling system to get representative samples
o Laboratory equipment:

- ventilation hoods
- instruments for chemical measurements
- instruments for radiation measurements
- general laboratory equipment
- computers

o Instrument handbooks
o Calibration standards, procedures
o Maintenance of instrumentation
o Cleanliness of laboratories
o Level of contamination
o Availability and storage of chemicals
o Industrial safety

- eye wash stations
- showers
- fire extinguishers
- gloves etc.

o Post accident sampling system

7.8.6. Quality control of operational chemicals

o List of chemicals related to operational safety
o Ageing of diesel fuel
o Quality verification of delivered chemicals
o Lubricants for assembly
o Handling of unsealed and partly emptied containers

7.8.7. Radiochemical measurements of environmental samples and of
radioactive waste

o Radionuclides in post accident environmental samples
- iodine and strontium isotopes
- aerosols
- soil, plant and vegetable contamination of the ground

o Procedures for separation and measurement of alpha and pure beta
emitters
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8. EMERGENCY PLANNING AND PREPAREDNESS

Emergency preparedness is related to the capability of coping with
accident situations, mitigating their consequences and protecting the health
and safety of site personnel and the general public. It is the task of the
nuclear facility operator and the public authority to place and establish the
necessary organizational structures and assign responsibilities for emergency
arrangements, in order to ensure a timely and coordinated response to
emergencies which may have the potential for off-site consequences. The
effective conduct of emergency response requires the preparation of on-site
and off-site plans outlining all activities which may be required to be
implemented in the event of an emergency. 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, as well as arrangements made for timely notification and
provision of subsequent information in the framework of the Convention of
Early Notification in the case of a nuclear accident, if applicable.
Emergency plan implementing procedures provide a method for rapid and
practical implementation of the plans.

Emergency preparedness encompasses such measures as acquisition of
resources and facilities, initial and continuing training of personnel,
testing of emergency plans and procedures through drills and exercises, and
public information activities. Adequate on-site and off-site response
facilities and appropriate equipment and resources must be provided and
maintained so as to be available at all times. Provisions shall be made for
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 general public. Preparedness also includes arrangements
for the 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 emergency planning and preparedness arrangements should be
supported by comprehensive and effective training programmes to ensure that
all persons or groups of persons required to participate under the emergency
plan receive adequate training relevant to their emergency duties. Such
training should be supplemented by drills and exercises,and feedback of
information from these activities should be made to enable any deficiencies to
be corrected or necessary amendments of the emergency planning arrangements to
be implemented without delay.

There should be arrangements for ensuring that the emergency plans
and supporting documentation are maintained and updated at regular intervals.
The plans should be subject to periodic review and audit, independent of the
operating organization's line management, to ensure that the information they
contain and the procedures for its implementation remain relevant and
effective. There should also be an effective and continuing programme of
public education by the operating organization and public authorities to
publicize the arrangements made for the preservation of public health and
safety.

The whole emergency preparedness related activity should be covered
by the utility QA programme.
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8.1. Emergency planning and preparedness organization
References:

The following important IAEA publications in the area of emergency
planning and preparedness concerning nuclear power plants are available and
should be used:

8.I.A. Planning for Off-site Response to Radiation Accidents in
Nuclear Facilities, Safety Series. No. 55, IAEA, Vienna
(1981).

8.I.B. Preparedness of the Operating Organization (Licensee) for
Emergencies at Nuclear Power Plants: A Safety Guide, Safety
Series No. 50-SG-06, IAEA, Vienna (1982).

8.l.C. Preparedness of Public Authorities for Emergencies at
Nuclear Power Plants: A Safety Guide, Safety Series No.
50-SG-G6, IAEA, Vienna, (1982).

8.I.D. Guidelines for Mutual Emergency Assistance Arrangements in
Connection with a Nuclear Accident or Radiological
Emergency, INFCIRC/310, IAEA (1984).

8.I.E. Guidelines on Reportable Events, Integrated Planning and
Information Exchange in a Transboundary Release of
Radioactive Materials, INFCIRC/321, IAEA (1985).

8.I.F. Principles for Establishing Intervention Levels for the
Protection of the Public in the Event of a Nuclear Accident
or Radiological Emergency, Safety Series No. 72, IAEA,
Vienna (1985).

8.I.G. Emergency Preparedness Exercises for Nuclear Facilities:
Preparation, Conduct and Evaluation, Safety Series No. 73,
IAEA, Vienna (1985).

8.I.H. Convention on Early Notification of a Nuclear Accident and
Convention on Assistance in the case of a Nuclear Accident
or Radiological Emergency, IAEA Legal Series No. 14, IAEA,
Vienna (1987).

8.1.1. Derived Intervention Levels-for Application in Controlling
Radiation Doses to the Public in the Event of a Nuclear
Accident or Radiological Emergency- Principles, Procedures
and Data, Safety Series No. 81, IAEA, Vienna (1986).

8.I.J. Techniques and Decision Making in the Assessment of Off-site
Consequences of an Accident in a Nuclear Facility, Safety
Series No. 86, IAEA, Vienna (1987).

8.I.K. Emergency Response Planning and Preparedness for Transport
Accidents Involving Radioactive Materials, Safety Series No.
87, IAEA, Vienna (1988).

8.I.L. Revised Guidance on the Principles for Establishing
Intervention Levels for the Protection of the Public in the
event of a Nuclear Accident or Radiological Emergency
(Interim Report), IAEA-TECDOC-473, IAEA, Vienna (1988).
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8.1.M. Response to a Radioactive Materials Release having a
Transboundary Impact, Safety Series No. 94, IAEA, Vienna
(1989) .

8.I.N. On-site Habitability in the Event of an Accident at a
Nuclear Facility. Safety Series No. 98, IAEA, Vienna
(1989).

8.I.O. Principles and Techniques for Post-Accident Assessment and
Recovery Operations in a Contaminated Environment of a
Nuclear Facility, Safety Series No. 97, IAEA, Vienna (1989).

8.1.P. Principles and Methods for the Early Monitoring Required for
the Assessment of the Accident Severity and Release Source
Term at a Nuclear Facility, Safety Series (in preparation).

Objectives

8.1.1. An effective administrative framework should be provided for the
planning, implementation and control of emergency preparedness activities.

8.1.2. The emergency planning and preparedness organization should ensure
that the emergency arrangements at the plant are properly integrated with
those of the operator's headquarters organization, the relevant off-site
emergency services, the local and national authorities, with due consideration
to transboundary implications when applicable.

8.1.3. The organization should ensure that the state of preparedness is
properly maintained, regularly tested and updated.

Preparatory work

8.1.4. Documents to be reviewed in advance (when available):
- National policies regarding the delineation and assignment of

responsibilities for emergency planning and preparedness
- Operating organization policies for the development and

maintenance of the emergency response capabilities
- Public Authority's Emergency Plan(s)
- Site/utility Emergency Plan(s)

Investigations

8.1.5. Review the national policies regarding the delineation and assignment
of responsibilities for emergency planning and preparedness tasks. Identify
the appropriate public authorities responsible for emergency actions. When
applicable, clarify arrangements with transboundary interfaces (near border
plants, application of International Conventions on Early Notification and
Mutual Assistance). Determine whether an overall organizational infrastructure
exists. Clarify commitment and relationship of the operator's organization.

8.1.6. Determine whether the Overall Emergency Plan identifies the lead
agency for coordination of all emergency planning and preparedness effort or
provide other means to achieve coordinated approach. (i.e. establishing a
committee for the purpose of providing liaison between representatives of the
operating organization, the public authorities responsible for planning
emergency arrangements, and the regulatory body).

8.1.7. Review and examine the operating organization in order to determine
that the responsibilities and authority for emergency preparedness activities
are clearly defined and understood ; staffing and resources are adequate for
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the assigned tasks ? proper coordination (on-site/off-site) is ensured ;
sufficient support is available to assist off-site authorities in emergency
planning; emergency preparedness activities are covered by the utility's QA
programme.

8.1.8. Review the documentation available in order to identify the coverage
of the following planning, coordinating, monitoring and assessment functions:

(a) Development, maintenance and revision of emergency plan and
implementing procedures

(b) Support in the development and maintenance of off-site emergency
response plans for various interfacing public authorities

(c) Coordination of the emergency response training of on-site personnel
and off-site supporting agencies as it applies to emergency actions
at the plant

(d) Development and maintenance of working relationship with interfacing
off-site organizations

(e) Coordination of resolution of emergency planning deficiencies
discovered through drills, audits or other means, and ensuring that
basic causes of problems are identified and corrective actions
effectively implemented

(f) Preparation of scenarios, and coordination of conduct of drills and
exercises

(g) Ensuring that emergency response facilities, equipment and resources
are maintained in a state of preparedness

8.2. Emergency plans

Objectives
8.2.1. A documented plan should be provided that outlines all activities
that may need to be implemented by or under the responsibility of the
operating organization. It should also identify the coordination with
off-site organizations and authorities, and establish a methodology for
maintaining an appropriate level of preparedness.
8.2.2. 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. It should also identify the coordination with other off-site
organizations and authorities, including foreign bodies for near border
plants, and with the nuclear plant operator, clearly establishing
responsibilities for each organization in planning and response, and the
methods for maintaining an appropriate level of preparedness.
Preparatory work

8.2.3. Documents to be reviewed in advance (when available):
- Site/utility Emergency Plan(s)

Public Authorities Emergency Plan(s)
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Investigations

8.2.4 Determine whether emergency plans have been developed by:

The nuclear facility operator
- The responsible public authorities involved in emergency response

at local, provincial and national levels
Others who may be a part of the emergency response infrastructure,

8.2.5. Determine by reviewing existing plans whether they contain effective
"concept of operations" including:

The planning basis (types and nature of emergencies envisaged,
their classification and respective scope of emergency actions)
The triggering mechanism for the organization involved
The interfacing organizations with the pertinent communication
links

- The tasks and actions required within the proper time frame
- The assignment of responsibilities and authority to determine and

conduct the required actions
- The identification of resources to perform the required tasks

- The basic principles regarding how the relevant emergency
response operations are to be determined and conducted
The mechanism to verify, review and update periodically the
emergency plan

8.2.6. The operator's on-site emergency plan, in particular, should
adequately cover the following aspects :

- Emergency event classification and timely response
Types, quantities and release pathways and time frame to be
considered in the various emergency situations
Notification and activation of the emergency response
organization, including normal and alternate means of
communication

- Responsibility and authority within the emergency organization ;
location/assembly points of the key branches of the organization

- Emergency technical assessment and mitigating actions, including
plant conditions, radiological protection, core damage/
containment integrity

In-plant protective actions, including accountability, monitoring
and evacuation of plant personnel

Off-site protective action recommendations to appropriate
authorities and/or agencies on the basis of assessed and
projected plant conditions
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- Agreement with external organizations and resources supporting
the emergency plan and procedures

Adequate record keeping of the evolution of the emergency
situation and actions taken

Timely accurate information to the proper outside organizations
and to the public

- Organization, responsibility and authority for coordinating
recovery actions and re-entry

8.2.7. Review the off-site emergency plan(s) paying particular attention to
the full coordination of their planning assumptions and basis of operation
with the on-site emergency plan. Verify that the following aspects are taken
into account:

- Identification of an off-site emergency situation including
classification of emergencies

- Communication and coordination with interfacing organizations,
including foreign authorities for near boundary plants

- Intervention levels and derived intervention levels

Emergency Planning Zones (EPZs)

Methods for alerting and notifying key personnel and organizations

Methods for warning and advising the public and transboundary
implications

Methodology for accident consequences assessment (on and off-site
monitoring, dose assessment methods)

- Protective measures (evacuation, sheltering and radioactive
prophylaxis, access/egress controls, ingestion controls)

- Logistics (transport, food, medical, welfare, etc.)

- Relocation planning for any long term evacuees (including
reception centre arrangements)

Public information programme (including advanced emergency
information)

Agreements with external organizations to support emergency
response on national and/or international basis

8.3. Emergency procedures

Objectives
8.3.1. Procedures should exist in order to provide detailed guidance for the
rapid and effective implementation of the on-site and off-site emergency
plans in response to an emergency.

8.3.2. On-site procedures should provide for actions to correct the abnormal
conditions, assess the potential on-site and off-site consequences, classify
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the category of emergency, activate the appropriate emergency response
arrangements, notify and alert response personnel and organizations and
recommend appropriate protective measures.
8.3.3. 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
measures for the protection of the off-site population.

Preparatory work

8.3.4. Documents to be reviewed in advance (when available):
- Site emergency plan implementing procedures
- Emergency procedures for off-site organizations

Investigations

8.3.5. Determine whether emergency procedures to implement the emergency
plan have been developed by:

- The nuclear facility operator
- The responsible public authorities involved in emergency response

at local, provincial and national levels
Others who may be a part of the emergency response infrastructure

8.3.6. Determine by spot checking that commendable practices for document
preparation and control are applied in emergency procedures preparation
process like:

- The procedures include response levels, precautions and specific
instructions necessary to accomplish the objectives of procedure

- The procedures allow for graded response commensurate with the
real needs of the accident or emergency based on the initial
prompt assessment of the situation

- Procedures have approval sheets, review plan and data sheets to
document that the actions described have been completed

- "Action steps" are clearly displayed in a step by step sequential
fashion, (e.g. a checklist), and decision trees are clearly
marked with pre-established criteria

- Procedures are distributed (including revisions) in a controlled
manner

8.3.7. Determine whether the emergency procedures deal with the following
matters depending upon the organization involved and the division of detailed
elaboration between plans and procedures (the following should be checked for
coherence and uniformity of approach):

Activation (mobilization) of the overall emergency response
organization

- Communications (including early warning and notification)
Radiation monitoring and sampling (on and off site)
Implementation of protective measures (evacuation, sheltering,
food control)
Control of access/egress
Traffic control
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- Personnel monitoring and dosimetry
- Fire fighting
- Decontamination
- Recovery and reentry

Public information messages (methods)
Training and exercises
Equipment maintenance

8.3.8. Determine that the operator's procedures include emergency assessment
and notification instructions that allows the emergency organization to
correctly classify emergencies, assess the consequences, notify emergency
personnel and proper outside agencies, and recommend appropriate actions. The
procedures should ensure that :

- Classification of emergency events is consistent with applicable
regulations, current emergency plan, station operating procedures
and plant diagnostic equipment

Clear and accurate information on plant conditions is developed
to support the emergency decision making process

- Notification procedures are sufficiently precise, include
preformatted messages and are compatible with shift personnel
duties. Appropriate follow-up message to off-site authorities are
forwarded in a timely manner

- Procedures for assessing radiological emergencies include methods
for determining the source term, measuring the release rates,
measuring radiation levels in the environment and estimating
projected doses for potential releases

Source term data are made available to the control room, to the
technical support facilities and to the emergency operation
center, as appropriate, as well as to the proper off-site
authorities, according to the provisions of the emergency plan

- Off-site radiological field data are logged, compared with source
term data and used in the protective action recommendation process

- Records are kept to enable reconstruction of the evolution of the
emergency situation

8.3.9. Determine that the operator's procedures include personnel'protection
instructions aimed at minimizing and controlling personnel radiation exposure,
ensure that radiation exposures are accurately determined and recorded and
ensure fire fighting and medical support. In particular individual exposure
limits should be established for emergency actions with clear designation of
authorization procedure; clear monitoring procedures should be specified for
emergency conditions; respiratory protection equipment use instructions should
be provided and a policy established for the use of thyroid blocking agents;
prearranged plans and agreements should provide for transportation and medical
treatment of irradiated, contaminated and/or injured personnel in
preidentified and adequately equipped facilities; first aid and
decontamination facilities and supplies should be identified and their
availability and use covered by the procedures; an effective system for
personnel accountability and evacuation should be in place; fire fighting,
with identified equipment and prearranged plans and agreements for external
support should be adequately covered.
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8.4. Emergency response facilities (centres)

Objectives

8.4.1. 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 from which the on-site and off-site emergency response can be
directed, as well as means for assessment of the radiological consequences and
for implementation of any necessary remedial actions or protective measures.
Preparatory work

8.4.2. Documents to be made available for review at the plant:

List of on-site and off-site emergency response facilities
Design Specifications for the emergency response facilities

Investigations
8.4.3. Determine whether emergency response facilities (centres) exist for:

The nuclear facility operator (on the site)
- The nuclear facility operator (off the site)
- The public authorities (off the site)
- The national level

8.4.4. Determine whether these emergency response facilities (centres):
- Are suitably located

Are habitable under emergency conditions
Are appropriately organized for carrying out the functions of the
staff assigned to them

- Have appropriate communications systems (including backups) to
all required points as identified in the emergency plans
Have regularly updated copies of all emergency plans, procedures
and engineering material (such as plant layouts, schematics and
safety system drawings)

- Have systems and procedures for accident consequence assessment
and methodology, including those included in the final safety
analysis report

- Are adequately staffed with trained personnel
Have appropriate emergency equipment for their own protection
Have sufficient storage of food and drinking supplies to sustain
possible isolation during emergencies

- Have appropriate capability for data handling and processing
Have display facilities to aid decision making (maps, charts,
status boards, etc.)

- Have record-keeping methods and support material

8.4.5. Determine adequacy of identified designated medical centre(s) to
ensure emergency support functions.

8.5. Emergency equipment and resources

Objectives

8.5.1. Emergency equipment and resources should adequately support emergency
response operations, with proper coverage of on-site radiological hazard
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assessment/ personnel protection, damage control, fire fighting, first aid and
rescue requirements.

8.5.2. Emergency equipment and resources should be sufficient to cover the
requirements for the 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 are 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 the assessment and treatment of
members of the public, who may have suffered external or internal exposure due
to the released radioactive materials. The equipment should be stored and
maintained in an appropriate manner, be readily accessible and available
during emergency situations.

Preparatory work

8.5.3. Documents to be made available for review at the plant:
- Emergency equipment inventories
- Equipment operating manuals and maintenance records

Investigations
8.5.4. Review and examine the adequacy and appropriateness of emergency
equipment and resources available to the nuclear facility operator, on-site
and off-site, and to the public authorities, such as:

- Locations of the storage areas and their adequacy
- Communications equipment

Radiological monitoring and sampling equipment
Protective clothing and respiratory protection equipment

- Mobile laboratory or other means of effective sampling and
analysis of environment status

- Dedicated emergency vehicles
- Computerized accident assessment equipment or systems

Fire fighting equipment
First aid/medical support equipment
Damage control equipment (on the site)

- Maintenance procedures for the above
8.5.5. Determine, by appropriate sampling of routine examination/maintenance
records and/or demonstration, the status of operability of this equipment and
these resources.
8.6. Training, drills and exercises

Objectives

8.6.1. A comprehensive, documented training programme should be provided for
developing and maintaining the necessary knowledge and skills required by all
persons having duties under the emergency plan, to enable them to respond
correctly and efficiently in the event of an emergency. A programme to
develop skills by means of periodic drills and exercises should be set up to
reinforce this training and assess 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 coordinated
response of all emergency response organizations.
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8.6.2. A programme should also be provided for general employee training of
on-site personnel other than those having emergency duties, to familiarize
them with procedures for alerting personnel of emergency conditions and
evacuating the affected area of the site.

8.6.3. A mechanism should be provided for ensuring any necessary
modification or updating of the emergency plan and associated implementing
procedures, as the result of information feedback from training, drills and
exercises.

Preparatory work

8.6.4. Documents to be made available for review at the plant:
- Emergency training procedures, schedules and records
- Programme for emergency drills and exercises

Investigations

8.6.5. Determine whether a documented training programme exists and is
regularly implemented for initial training of all personnel assigned to
various functional areas of emergency activity. Review the effectiveness of
the emergency training programme at various organizations having a role in the
emergency response (including on-site and off-site emergency response
organizations) based on the following items:

(a) Training programme and/or emergency plan includes qualification
criteria for individuals assigned emergency response duties

(b) The instructors are selected and qualified in accordance with
established criteria

(c) Training programme is divided into training categories consistent
with the number and designation of the functional areas of
emergency activity

(d) Training programme is a proper combination of lecture type
classroom instruction and hands-on use of all equipment and
procedures which are expected to be used in responding to
emergencies

(e) The training of local service support organizations entering the
plant (fire/ambulance/rescue/technical support) includes all
relevant information for their effective response and personnel
protection

(f) The training of off-site personnel involved in the decision
making process includes coverage of the relationship between
plant conditions, environmental impact and protective measures

8.6.6. Determine whether a programme exists and is regularly implemented for
general employee training of on-site personnel other than those having
emergency duties, to familiarize them with procedures for alerting personnel
of emergency conditions and evacuating the affected area of the site.
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8.6.7. Determine whether a programme exists for conducting drills to further
develop skills in specific disciplines such as:

- Communications
- Radiation monitoring and sampling

Fire fighting
- First aid/medical support
- Damage control (on the site)
- Accident consequences assessment (radiological dose projections

in emergencies)

8.6.8. Determine whether a programme exists for conducting periodic
comprehensive exercises involving on-site and off-site organizations to test
the entire emergency planning and preparedness concept of operations, by:

- Review of scenarios used or foreseen
- Review of exercise critiques and records

8.6.9. Determine whether a feedback mechanism is available to improve
emergency plans and to update them as a result of drills and exercises.

8.7. Liaison with the public and media

Objectives

8.7.1. Provisions should exist for the timely dissemination of accurate,
reliable and readily understandable information to the public and to the
media, both in normal operation and during an 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
cooperation in implementing protective measures in the event of an emergency.
Preparatory work

8.7.2. Documents to be made available for review at the plant:
- National policies regarding public information in case of an

accident
Public information programme

- Public information and education brochures
Investigations

8.7.3. Determine whether sufficient personnel (professional and clerical)
are assigned for ensuring that the emergency public information activities can
be carried out effectively. Verify that the personnel are also trained in
public information practices, basics of reactor power plant operation,
radiation effects and protection practices.
8.7.4. Check that public information personnel are aware of and participate
in the review of emergency response activities.

8.7.5. Check that public information implementing procedures are coordinated
with the site emergency plan and procedures, and ensure that utility's public
information personnel for emergency response are notified in the early stages
of an accident and receive updated information throughout its course.
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8.7.6. Check that the emergency public information implementing procedures
deal with the following public information aspects of the emergency plan:

- Lines of authority and communication
- Description and use of facilities, equipment and resources

Provisions to co-ordinate the public information aspects of both
on-site and off-site organizations

- Provisions to respond to inquiries from the media and public
Provisions for preparation of news releases and their approval
and dissemination to employees, public information personnel, the
news media, the utility industry, and appropriate government
international agencies

- Provisions to inform the public of objectives, actions being
taken and progress during the recovery phase of an emergency

- Measures to ensure that public information facilities, equipment
and resources are prepared for emergency response

8.7.7. Ensure that procedures exist for monitoring news broadcasts,
bulletins and news reports for misinformation; for providing response to
enquiries from the public or the media; and for reacting rapidly to any
rumour or misinformation reported through telephone contacts or the media.
8.7.8. Determine that the utility's emergency staff for public information
will be able to provide advance and continuing information to the media and
public on subjects that would be discussed during an emergency, such as
radiation levels, nuclear plant operation, site emergency plans, intervention
levels for implementing protective measures and precautions to be taken in
relation to the consumption of locally produced food.

8.8. Emergency Planning and Preparedness — Checklist
8.8.1. Emergency planning and preparedness organization

o General framework of overall emergency organization
o Identification of organization involved and respective roles
o Responsibility for site emergency planning and preparedness and

interface with off-site authorities/organizations
o Responsibility for emergency plan (and implementing procedures)
o Support for off-site emergency plans
o Co-ordination of on-site and off-site emergency training
o Resolution of emergency plan deficiencies
o Drill and exercise scenario preparation
o Maintenance of emergency equipment and resources
o QA coverage of emergency preparedness activities

8.8.2. Emergency plans

o Status of site and off-site emergency plans
o Planning basis
o Triggering mechanism for each organization
o Interfacing organizations and communication links
o Main tasks and actions required
o Distribution of emergency responsibilities
o Resource

Site emergency plan
o Event classification
o Radioactive material release
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o Exposure pathways
o Notification and activation scheme
o Key functions, responsibility and authority
o Technical assessment at identification and follow-up
o In plant protective actions
o Off-site protective action recommendations
o Instrumentation, manpower and resources
o Record keeping of evolution and actions
o Follow-up information to outside organizations and public
o Recovery actions and re-entry (responsibility and authority)

Off-site emergency plans

o Identification and classification of off-site emergencies
o Intervention levels
o Emergency planning zones (EPZs)
o Alerting and notifying key personnel/organizations
o Warning and advising general public
o Accident consequence assessment
o Protective measures
o Logistics
o Relocation planning
o Public information programme
o Support agreement (local, regional, national)

8.8.3. Emergency procedures

o Activation of emergency response organization
o Communications
o Radiation monitoring and sampling
o Dose assessment method
o Implementation of protective measures
o Personnel monitoring
o Fire fighting
o Decontamination
o Control of access/egress
o Personnel accountability
o Traffic control
o Evacuation and sheltering
o Recovery and re-entry
o Public information messages
o Training, drills and exercises
o Equipment maintenance
o Operator's assessment and notification procedure
o Operator's personnel protection procedures

8.8.4. Emergency response facilities (centres)

o Site facility for plant emergency management
o Off-site facility for plant emergency management
o Off-site facility for local/regional authorities
o Off-site facility for national authorities
o Facility location, habitability and equipment
o Facility communications
o Data recording and processing provisions
o Adequacy of medical support facilities
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8.8.5. Emergency equipment and resources

o Communications equipment
o Radiological monitoring and sampling equipment
o Protective clothing and respiratory equipment
o Environmental surveillance equipment
o Dose assessment equipment
o Fire fighting equipment
o First aid/medical support equipment
o Damage control equipment

8.8.6. Training, drills and exercises

o Emergency training programme(s) according to specified emergency
duties

o Qualification of training instructors
o Formal lesson plan with learning objectives
o Classroom instructions and on-the-job training
o Training of local support organizations
o Training of off-site decision makers
o Special training programmes (communicator, radiation monitoring,

sampling, fire fighting, first aid/medical support, damage
control)

o Scenarios for exercises
o Exercise records and follow-up
o Training records

8.8.7. Liaison with public and media

o Distribution of responsibilities
o Facilities, equipment and resources
o Response provisions
o Preparation of news releases, interface utility/plant with

governmental authorities
o Public information programme
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Appendix I

PRACTICAL HINTS FOR REVIEWERS

Introduction

To obtain information on items for reviewing operational safety
practices in a nuclear power plant effectively, this process should not be
limited to questions. Plant activities should be witnessed and documents
should be checked in such a way that the focus is on essential points of plant
performance.

At the same time, the interview or question should lead to meaningful
responses and documents from the counterparts. For example, a simple question
such as "do you have an effective organization?" will be properly answered
only with the word "yes". The reviewer should ask more tactical questions to
obtain a more useful response - for example, "please show and describe the
organization chart", and "what is your function and interface with other
sections in the organization chart?" Ask the person also to describe his or
her understanding will show whether this is consistent with the documented
information that is produced.

Similarly, as far as possible important activities and facilities
should be witnessed to allow the reviewer to judge operational safety
performance for himself. Such activities and facilities might include, for
example, special maintenance work, functional and surveillance testing,
instrument calibration, shift turnover and emergency drills.

A.I. Observations

A.1.1. A fundamental part of the OSART methodology is the observation of
ongoing plant activities. The performance of several individuals is likely to
be representative of all personnel within a discipline or group. The results
of management's effort to implement station policy and procedures, and the
effectiveness of training, are exemplified by these individuals. Therefore,
it is inappropriate to treat these observations as a reflection on an
individual. Instead, the observations should be treated as symptoms of
management problems, and the persons involved should remain anonymous.
A.1.2. Each OSART focuses on those aspects of the utility organization that
are important in achieving quality or high standards in the end product.
Accordingly, the OSART generally concentrates on those activities that the
utility has identified as sufficiently important to require the establishment
of some system, such as a written document, to control the activity. This
system is first evaluated for its adequacy, i.e. the degree to which it
incorporates appropriate details and controls to ensure that the desired
result is achieved. As a second part of the review process, the team
determines whether or not this system has been implemented, i.e. is the system
"in place" and actually being utilized by the personnel? The final and most
important part of the review process is the determination of the quality of
the results being achieved by the utility. A significant portion of each
review, therefore, is devoted to observing personnel of the utility performing
their day to day work. By perfecting observation skills, the expert is able
to see conditions and situations that generally are symptomatic. Attention to
detail is paramount. The expert must have a broad outlook and be critical of
his surroundings and the ongoing activities. Information obtained through
observation becomes an important foundation for the overall review results.
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A.1.3. Numerous activities at a plant contain the necessary elements that
make an observation worthwhile. In selecting an activity and planning for the
observation segment of the review, there are several questions that can be
considered to help in deciding the most profitable course of action. Some
basic questions with discussion are as follows:

Is the system/work important to safety? Observations need not
involve safety related work; however, if the work is safety
related or important to safety, the results of the observations
will carry considerable more impact. That is, work important to
safety should be controlled in a manner that drives for
excellence. If deficiencies in this type of work are noted, they
may be significant in themselves.

Is the work of sufficient complexity that a written procedure has
been developed? For many of the activities that are observed, a
procedure has been developed by the utility to ensure that
specific steps are accomplished in a required manner such that
the end product meets a minimum quality standard.

- Does the work involve several departments or disciplines?
Although single discipline observations can be productive, those
that require the cooperative effort of several elements of the
plant organization often provide a more significant input to the
team's effort to evaluate the plant.

A.1.4. In selecting an activity to observe, the expert is looking for
performance of an individual that is representative of the utility's ability
to train its personnel and implement its policies and procedures. With the
appropriate selection of activities, the results of the observations will
provide an overall reflection of the utility's performance. Care should be
taken not to identify the specific individual, time, and place of the
observation. This aids in focusing on the symptomatic results rather than the
individual.

A.2. Conducting Observations

Preparation

A.2.1. As with all other phases of a review, preparation is the key
element. The two most important parts of the preparation phase are the
determination of what and when. The what to observe can be determined by
establishing liaison with the utility to ascertain what activities will be
going on during the period of the review. This will enable the expert to plan
for specific activities and to conduct the necessary research and study.
Other observations will be on an "as occurring" basis. The "when to observe"
question is answered best by "the earlier the better". By conducting results
oriented observations in the first few days of an OSART, the expert gains
considerable insight into weaknesses within the organization. This then
enables him to properly direct his activities during the remainder of the
OSART. The golden rule of preparation is for the expert always to read the
appropriate procedures, directives, codes, regulations, and similar documents
prior to observing the work activity.

Initiating the Observation

A.2.2. Most observations should be planned in advance and arrangements made
as to when and where the expert(s) will meet with the individual who will be
the subject of the observation. In general, supervisors should not accompany
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the expert to avoid supervisory influence upon the work activity. Most
observations begin at the beginning of the shift or, for particular work
assignments, at the beginning of the work. For example, if the subject of the
observation is an item of preventive maintenance, the observation should
commence when the worker initiates action to obtain the necessary paper work
and tools to perform his task.
A.2.3. An experience OSART member will plan his schedule such that a primary
and an alternate objective are always scheduled. For example, a morning
schedule could call for a primary objective of observing a work activity and
an alternate objective of reviewing documentation so that delays in the work
activity will not result in lost time for the expert. The reviewer merely
shifts his attention to the alternate objective while awaiting resumption of
his primary objective. The reviewer must place emphasis on time management
and plan to avoid wasting it.

Observing

A.2.4. Establishing good rapport with the individuals under observation is
important. They should understand that the purpose of the observation is not
to criticize them personally, but to look for both good practices and flaws in
station training procedures, policies, and practices and their
implementation. Except in the case of immediate hazard to plant equipment or
personnel safety, reviewers should not interfere with plant evolutions.
Questions are a necessary part of an observation, but should be asked at times
when they do not adversely affect the performance of the individual being
questioned.

A.2.5. The expert should be looking, in a broad manner, at many items during
the observation process. The following illustrate the extent of "the desired
sphere of interest:

- To what degree does the individual being observed understand the
basic objectives and policies of the utility regarding quality
work and adherence to procedures?

What training has the individual received that relates to his
activities during this observation?

What are the industrial safety and material conditions in all
areas encountered during this observation?

A.2.6. Subsequent to observing the work activity, the reviewer organizes his
notes and commences analysis of his observations. This process generally
results in the need for follow-up action in order to resolve unanswered
questions. This follow-up may require a return to the physical area of the
plant to confirm or gather further information.

A.3. Activities to Observe

A.3.1. The following examples are valid for an operating plant and
illustrate the type of activities that generally provide a good indication of
overall performance.

A.3.2. Organization/Administration
- review plant safety committee meeting
- maintenance planning meeting
- outage planning meeting

143



A.3.3. Training
- simulator training
- requalification training
- general employee training

A.3.4. Routine Operations
- shift turnover
- water treatment plant operations
- on-the-job training

control room evolutions
- system/component clearance activities

A.3.5. Quality Inspections
assistant unit operator outside rounds
turbine building operator rounds
nuclear plant operator rounds

- accompany industrial safety inspector on tour
- accompany quality control inspector on significant job

new fuel receipt and inspection

A.3.6. Corrective Maintenance
- resetting of relief valves
- electrical work on breakers
- major pump realignment

installation of reactor system valves
- auxiliary boiler repairs

A.3.7. Preventive Maintenance
- instrument air dryer preventive maintenance
- insulation resistance to ground checks

A.3.8. Surveillance Testing
emergency diesel generator testing
high pressure safety injection pumps
reactor protective system checks
ECCS safety valves

- pressure transmitters
- room coolers
- measuring and testing equipment (sometimes overlooked)

A.3.9. Instrument Work
radiation protection survey instrument calibration
level transmitter calibration

A.3.10. Radiation Protection Controls
- radiation work permit

control point activities
- waste compaction
- swipe surveys
- hot machine shop work

A.3.11. Chemistry Work
laboratory analysis
steam generator sampling
reactor system sampling
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A.4. Observation Techniques
A.4.1. Take detailed notes. Sometimes apparently irrelevant material
becomes quite meaningful when analysing and summarizing an evolution for
write-up.

A.4.2. Log times when taking notes. These can be used to correlate plant
responses and personnel actions noted by other reviewers in other portions of
the plant.

A.4.3. Include procedure numbers and other reference information in the
notes for follow-up.

A.4.4. Include questions and items to follow-up in the notes. Information
could be lost if memory is trusted for recall later.

A.4.5. Include preparatory activities iri the observation if possible. Watch
the tagout. Watch the mechanic gather tools and parts.
A.4.6. Do not be restricted to one method or approach in observing
evolutions. From time to time, accompany another reviewer during an
observation. Compare notes.
A.4.7. If communications are being conducted on a headset, ask for a second
headset to improve your knowledge of what is happening.

A.4.8. Do not assume - ask questions. Even if operator A told you the
answer, ask operator B. (However, do not entrap people.)
A.4.9. Constantly ask yourself, "Why is he doing that? Is it the correct
thing to do?" Note details.

A.4.10. Do not just observe the activity, observe the individuals and the
surroundings. Look under, over, and around. Think beyond the evolution.

- Why doesn't the snubber have oil in it?
- Why is the wrench he is using painted red?

Where did that instrument come from?
Why does he keep changing settings?
How many management personnel have I seen in the two hours?

A.4.11. Follow up after the evolution is completed. Track paper, review the
job with supervisors, and question the people who performed the task.

A.4.12. For evolutions of a longer duration, check periodically. Several
thirty minute periods spread throughout the day can be meaningful as one
3-hour period.

A.4.13. For longer evolutions, have other reviewers watch some of the
evolution. Compare notes.

A.4.14. Think ahead to determine if there are other items you might want to
look for other than those connected directly with the observation; for
example, when observing a charging pump preventive maintenance:

- Inform the OSART member assigned material condition review for
this high radiation area that you will assume that responsibility.

- Talk to the radiation protection expert and see what he would
like you to check while in the high radiation area.
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A.4.15. For complex evolutions to which several reviewers are assigned,
coordination will be required between the observers. Joint review of the
procedure and discussion of what to look for is helpful.
A.5. Observation of Radiation Work Permit (RWP) Controlled Work

A.5.1. Observation of radiological work conducted under a Radiation Work
Permit can provide valuable insight into the effectiveness of the Radiation
Protection Programme.

Select a job involving significant radiological conditions.
Obtain and examine copies of the surveys conducted to support the
development of the Radiation Work Permit (RWP). Obtain and
examine a copy of the RWP.

Evaluate the quality of the RWP. Is the work to be done well
described? Was the survey timely? Was the survey appropriate
for the work? Is the required protective clothing and personnel
dosimetry appropriate? Are the radiological protection
requirements sufficient to assure safe work without being
inappropriately restrictive or complicated?

- Attend the pre-job briefing. Were all persons involved present?
(How are briefings handled for work that spans more than one
shift?) Were all the RWP required safety requirements reviewed?
Was the work discussed in sufficient detail to assess that
everyone understood exactly what was to be done and what actions
were to be avoided? Was it made clear who was in charge? Was
the authority of associated radiation protection personnel
understood by all?

- Observe the work initiation. Was the work site adequately
prepared to control contamination and minimize exposure? Is
there sufficient room to remove protective clothing upon
completion? Are areas and hot spots clearly marked? Are
sufficient supplies and tools on hand to allow and encourage
compliance with radiological requirements and to minimize
exposure?

Are radiation protection personnel present during the periods
specified by the RWP? Are they fully equipped to do their job?
Do they display a cooperative, 'team' attitude? Do they maintain
radiological protection discipline? '

Do the workers display an understanding of radiation protection
requirements? Do they display an understanding of the ALARA
concept and the means to achieve it? Do they comply strictly
with requirements?

- Proper supervision of radiological protection work is important.
Determine the individual directly responsible for the radiation
protection workers involved. Is the supervisor aware of the
job? Does he come to the job site? What aspects of the work
does he concern himself with? What errors did he detect? What
actions did he take?
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A.6. Observation and Examination of Root Cause Evaluations

A.6.1. Examination of root cause evaluations can provide useful insight into
the strength of the safety culture at the site under review. This applies to
all divisions, including the radiation protection organization.

Determine through record review and direct questioning, what
unusual events have occurred recently. In the radiation
protection area this might involve exposures above predicted
values even though they may not exceed regulatory limits.
Unusual contamination events or 'near misses' are other examples
of events that require review and evaluation. A good source of
information is any notations of
changes to the dose equivalent assigned to an individual or
special dose equivalent evaluations. Of course, matters that
must be reported to the regulatory authority would also fall into
this category.

After developing a list of unusual events, select one or two that
seem to be the most important. Verify that investigations and
root cause analyses were done. Examine the investigations and
root cause analyses.
The following questions are pertinent: Is there a formal
procedure covering investigation and root cause analyses? Is it
designed to serve the goal of prevention of recurrence? Does it
require a sufficiently thorough analysis? Does it require a
determination of cause? Does it require recommendations to
prevent recurrence? Does it require evaluation and approval by
the appropriate level of management? Does it require submittal
to the correct level of management? Does it require
determination of compliance with regulatory requirements and
reporting, where appropriate, to regulatory authorities? Does it
require timely investigation, evaluation and reporting?

- Examine the investigation and analyses report. Was the
investigation conducted by a qualified individual? What training
and experience did he have? Did he go to original sources for
information? Are there signed statements by the individuals
involved or exposed? Was the investigation timely? Was the
investigation thorough? Is the investigation impartial? Does it
avoid supporting a point of view? Does it reflect an open
attitude? Does it reflect a willingness to admit errors?

Was the evaluation guided only by the facts? Were the causes
identified, particularly the root cause? Were any important
causes or factors overlooked? Does the investigation report
reflect an inherently questioning attitude?

- Examine the recommended corrective actions to prevent
recurrence. Were they appropriate? Were they sufficient? Were
they practical? Were they implemented? What follow-up actions
were taken by management to assure full implementation?
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Finally, taking the report, cause determinations, recommended
corrective actions and management follow-up as a whole, ask
yourself these questions: Is this management committed to
excellence and has this commitment been transmitted to and been
accepted by those under its control? Was the matter handled with
an open attitude? Is there indication of wariness toward
complacency and a conscious effort to guard against it as
reflected by an inherently questioning attitude a willingness to
admit error and a clear and willing acceptance of responsibility?
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Appendix III

INSAG IMPORTANT OPERATIONAL SAFETY ISSUES FOR OSART MISSIONS

List of questions

Ten typical questions as recommended by INSAG are listed in the
following. They are expanded /into the sort of auxiliary questions an OSART
expert might ask, to better be able to answer the basic question.
1. Are responsibilities clearly specified and understood?

- Can these responsibilities be related readily to the objectives
of the activity?

- Is it clear from the organizational structure, who is responsible
to whom and for what?

- How are these responsibilities specified and do the individuals
concerned know the full implications of what they are responsible
for?

2. How sensitive and responsive to change is the activity?

- How quickly can any deviation from normal (plant, environment,
staff performance) be identified as significant and passed up to
someone, who can take the right action?

- Will the message be clear enough to ensure that the response is
timely and right?

- How effectively does the person responsible for the activity keep
himself informed - are all important deviations known to him?

3. Are there adequate resources?

Is it sufficient:

To allow staff enough time to do their jobs properly and pay
adequate attention to detail?

- To assess important issues thoroughly and reach considered
decisions?

To keep plant, equipment and buildings to a high standard?

To ensure that there are no significant backlogs in important
work areas:
o maintenance
o surveillance
o resolving problems and implementing solutions
If additional resources are needed, what arrangements are there
for obtaining them and how timely the response?
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4. What are the attitudes towards safety?

- Does the head of the activity consider safety aspects naturally
as part of planning and implementing any task and does safety, as
consequence, feature in all his decision making and work
prioritization?

Does his thinking permeate through the activity and how does he
ensure that his lowest level staff have the right attitude to
safety - what evidence is there that he has succeeded and how
would he know, if he hadn't?

5. Are staff members competent to do their jobs properly?

- How well do staff at all levels know their jobs and how are they
trained and assessed for them?

How is staff performance on particular tasks assessed and who
does it?

- How does the head of the activity know his staff are competent to
carry out any task they may be called upon to do?

- How are training needs established?

- How are staff members matched to a particular task and is it a
well considered decision by the supervisor?

6. Do all staff members have adequate work instructions?
- Are the work instructions aligned to staff competence and

knowledge and have they got built in quality assurance to ensure
jobs are done properly, if followed?

- Who is responsible for seeing that they are up to date and
reconciled to basic data and also to higher level safety
documents?

- Are they all authorized and do they satisfy QA requirements?
7. What attention is paid and what consideration is given to ensure that

any job is done properly?

- On any job is adequate consideration given to:
o competence of staff?
o QA input into specification?
o systematic approach to implementation:

. quality control?

. supervision?

. verification?

. provision of right equipment and calibrated?

. instruments, procedures etc.

What is the attitude of staff at all levels to not having the
right equipment, right instructions etc.?
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8. How effectively is operational experience feedback used?

How is internal and external operational feedback fed into the
activity and how is it used, effectively, to influence the way
things are done?

- Who is responsible and how does he discharge his responsibility?

9. How are individuals held to account for the way their
responsibilities are being discharged?

How does the head of activity satisfy himself that the activity
is being well carried out:
o its objectives being achieved?
o controls are effective?
o staff are competent and perform well, that they are

sensitive and responsive to small changes from normal?

10. Is there adequate technical support?

- Is there sufficient technical input at the right time to ensure
that the activity is carried out properly and its objective
achieved?

- How is the need identified and how rapid is the response?

- Where does the support - and where necessary, the technical
direction - originate:
o within the station?
o within the company?
o elsewhere?

- Are the arrangements for bringing in technical support clearly
understood and adequately controlled through management systems?
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