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FOREWORD

Measuring the effectiveness of Quality Management is useful for providing
feedback to management regarding the achievement of established quality
objectives. For this purpose, it is necessary to identify criteria and
provide a methodology. To accomplish this complex and difficult task it is
necessary to recognize that the practices associated with the achievement and
the assurance of quality must be fully integrated into the overall management
of a nuclear power plant. Effectiveness should then be measured with respect
to achievement of the overall performance objectives sought by the plant
management. These objectives include, among others, nuclear safety,
reliability and economic power production.

Quality Management comprises many managerial functions, one of which is
the implementation of a Quality Assurance (QA) Programme. The QA Programme is
the principal management tool for integrating the actions required to obtain,
maintain and provide continued assurance of quality. It is not possible to
separate Quality Mangement effectiveness from QA Programme effectiveness. The
indicators of a good QA Programme are at the same time the indicators of good
Quality Management, and therefore assessment of one is equivalent to
assessment of the other.

For a number of years the International Atomic Energy Agency has been
collecting information and reviewing developments in Member States on
methodologies for assessing the achievement of quality and on analysis of the
management effectiveness, as an aid to providing confidence in the assurance
of quality. The aim was to transfer the methodology through the development
of guidelines to assist Member States in assessing the effectiveness of their
Quality Management. However, the objective of offering Member States a proven
methodology requires further work. The approaches used at present in Member
States differ considerably. A number of methods are under development and are
subject to modifications.

Progress has been achieved in getting agreement on a general approach for
a methodology which is focussed on the operational phase of a nuclear power
plant. The guidelines developed are intended to assist the plant



superintendent and his staff for carrying out self assessment of their success
in assuring and achieving the required plant performance objectives. It was
considered appropriate to publish these guidelines as a temporary publication
for trial use. It is the intention of the Secretariat to collect information
from the use of this document and prepare a revision as soon as the proposed
methodology, or a revised proven methodology, can be agreed as generally
appropriate and be widely supported by Member States.

The IAEA received the generous support of many Member States and of
international organizations in providing experts and submitting material for
this document. Appreciation is expressed to the participants in the
Consultant and Advisory Group meetings for their efforts and assistance in
reviewing the drafts and for their suggestions for improvements.

EDITORIAL NOTE

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

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

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

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.
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1. INTRODUCTION

1.1. Background

The International Atomic Energy Agency's Code on the Safety of Nuclear
Power Plants: Quality Assurance, Safety Series No. 50-C-QA(Rev. 1) [1] and
INSA6 Technical Note No. 1 [2] both state that measures shall be taken to
verify the implementation and effectiveness of the Quality Assurance Programme
and this statement refers to all stages of a nuclear power plant such as
siting, design, construction, commissioning and operation.

The IAEA organized a few meetings which failed to put together a Manual
(or even specific guidelines on which such a Manual could be based) which
would satisfactorily conform to these recommendations.

It was concluded that the proper treatment of this subject and its lucid,
clear and precise presentation for all stages are very difficult and efforts
were found to be premature due to the diversity of approach and understanding
of how to measure the effectiveness of the Quality Assurance Programme
implementation. Also the concept of Quality Management, which existed between
Member States, was not well established.

Therefore it was decided to continue the work on the limited but very
important topic of the nuclear power plant operation stage and to address
indirectly the effectiveness of the Quality Assurance Programme implementation
through assessments of Quality Management which has a broader meaning.
Quality Management determines and implements the overall quality intentions
and directions of operating organizations as regards quality, expressed by the
top management.

The existence of a large amount of operating data is a considerable
benefit in developing a method for assessment of effectiveness of operating
management (Quality Management).

The IAEA has published a Manual on "Quality Management for Nuclear Power
Plant Operation" [3]. The Manual is intended for use by the plant
superintendent and senior staff and contains guidelines for a system of
organization, procedures and controls to give confidence that safe and



satisfactory operation is achieved and maintained over the long term. The
Manual includes a section on the assessment of the operation quality system
which calls for procedures and specific performance measures to be developed.

The development of a methodology for assessing the effectiveness of
Quality Management has been under way by the IAEA for some time. The
preparation of this document is now based on understandings developed at a
series of advisory group and consultant meetings which used the experience
accummulated at operating plants in Member States.

1.2. Objectives and scope

The present document has been prepared drawing on the reported experience
to date in certain Member States, where methodologies are being developed. It
provides guidelines to superintendents of operating nuclear power plants for
carrying out self-assessment of the effectiveness of the Quality Management
which is established and implemented to provide assurance of safe and
satisfactory plant operation. Its application will be site-specific.

The objectives of assessment are to verify that the Quality Management is
effective in assuring safe and satisfactory operation, and to determine what
improvements are required to achieve safe and satisfactory operation.

For the purpose of this document, safe and satisfactory operation
includes overall plant objectives which are:

(a) Worker and public safety in accordance with established regulations;

(b) Plant operational performance and economics in accordance with plant
owner requirements.

The methodology proposed makes use of data on the performance of plant
and personnel which relate to the overall plant objectives.

Data on plant or personnel failure to perform in accordance with preset
requirements, targets or expectations and deteriorating performance trends
over a period of time, are often indicators of ineffectiveness of the
management. Various techniques are proposed for selecting and analysing the
data which has most relevance to the assessment objectives.



The methodology presented is for an operating plant only. It is not
intended for application during other stages of the plant life-cycle. The
effectiveness of the management of organizations carrying out design or
construction work in connection with plant modifications etc. is not covered.

Regular and carefully organized assessment of the effectiveness of
Quality Management will help to promote plant safe and satisfactory
operation. Routine collection of data on plant and personnel performance is a
basic tool for the plant superintendent to assess opportunities for
strengthening the capability of the plant organization and personnel to
achieve overall plant objectives.

2. CONCEPTS

2.1. Princiles of qualit

To a plant superintendent plant overall quality objectives, very broadly
defined, are achieved when the plant operates safely and satisfactorily. This
means that the plant meets both safety requirements and production
requirements which cannot be completely separated.

Quality Management is that aspect of management which concerns the
quality of all activities which affect the operation of a nuclear power plant
and includes Quality Assurance. Thus in assessing the effectiveness of
Quality Management, the effective implementation of a Quality Assurance
programme for operation is assessed at the same time.

Quality Management is concerned with human aspects of managing people in
the performance of their work. Each person is a link in a chain of work
activities extending from the plant superintendent to each operative, and
across the various discipline groups and departments involved. Requirements
for the work of each individual will normally consist of instructions,
performance targets, procedures etc. which define what is to be done, how,
when, where and by whom.



Important factors for achieving quality of each work activity are:
Requirements clearly and precisely defined to personnel who carry
out the work.
Personnel being trained, qualified, properly experienced to the
work, and motivated with a desire for error-free performance.
Use of appropriate equipment and materials.

Because human error is a possibility, even where requirements are clearly
specified and personnel have been motivated, output has to be checked to
reduce the possibility of significant error being transmitted to other links
in the chain of people and machines.

A strategy of organizational responsibilities and standard methods for
managing the performing work processes and the verifying work processes has to
be established. This is also a requirement of the Quality Assurance Programme.

When plant or personnel do not perform as required or expected, plant
quality objectives are not met. This situation is often described as
conditions adverse to quality. The Code on Quality Assurance [1] requires
such conditions to be reviewed to establish root causes and to determine
corrective actions necessary to prevent their recurrence. The Code also
requires all sources of data relating to conditions adverse to quality to be
identified, selected and evaluated.

Appendix 1 describes the principles of Quality Management in one
organization and can be used as a checklist to determine Quality Management
capabilities.

2.2. Outline of assessment method

Throughout the operating life of the plant, the plant superintendent will
maintain systems and procedures for recording and collecting data on plant and
equipment as well as data on personnel assigned tasks and responsibilities.
Such data form the basis of the assessment process which should be carried out
systematically and regularly so that the plant superintendent can assure
himself that the plant is meeting overall objectives of safe and satisfactory
operation, and will continue to do so.
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Data on both plant and personnel will be recorded and collected
throughout the hierarchy of the plant management structure. The
superintendent will be concerned primarily with data which are closely related
to overall plant objectives. Such data are generally described as
"indicators".

Other data will be collected by the plant management team which are
closely related to the performance of plant and personnel for which each
manager has delegated responsibilities. Such data, while not closely related
to overall plant objectives, may give significant advance warning of the
probability of achieving overall plant objectives. Such data are generally
described as "predictive indicators".

The indicators will consist of:

(a) Performance indicators

Data on actual plant, equipment, material, organizational and individual
personnel performance regularly collected, assessed and quantitatively
compared with predetermined targets or goals to establish trends and
deviations from targets.

(b) Non-conformance indicators

Data related to failure to achieve plant quality objectives are
indicative of conditions adverse to quality. They include safety
significant events, worker fatalities, unscheduled outages and other
non-conformances.

(c) Audit and special review indicators

Data on organizational and individual personnel deviations are identified
by audits carried out in accordance with Quality Assurance requirements.
Data from other methods of review, or personnel motivation programmes,
may be used to identify the effectiveness of Quality Management and the
need for improvement.

Various techniques exist for reviewing and analysing data so that their
use in determining the causes of unsatisfactory trends, failures, occurrences
etc. and required actions, can be maximised. These techniques include:
process flow charting, check sheets/tally charts, histograms, Pareto analysis,
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cause and effect analysis, brainsterming, scatter diagrams and control charts,
all of which are described in detail in published text book references. Root
cause analysis is a particular technique which may be used to analyse failures
etc. in nuclear power plant. The essential aspects of root cause analysis are
described in the IAEA Manual on the "Implementation of Quality Assurance
Corrective Actions" [4].

Such analytical techniques indicate causes of non-conformance, etc. in
terms of human or equipment inadequacies or a combination of both, from which
the effectiveness of quality management can be deduced.

The outline of the assessment method and location of relevant text is
shown below:

Make Data Available Section 3

Select Indicators Section 4

Evaluate Information Section 5
Hake Conclusions

Give Report Section 6

3. BASELINE DATA FOR PLANT OPERATION

It is essential to establish, maintain and update a database of
information related to the plant's ability to perform safely and successfully.
This should include not only information on the completed plant condition but
also relevant siting and environmental data. This database is needed to
establish plant performance targets which may then be used for ongoing
assessment of the effectiveness of Quality Management. When a database of
information from earlier stages is not available, year to year comparison may
be the only way to develop a baseline.

The commissioning process is intended to provide confirmation that the
plant as constructed meets the overall requirements of the owner and
regulatory organization. A formal statement should be prepared to attest to
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this and to note any aspect of quality achievement from earlier stages which
could affect quality during operation.

One utility's approach to such a formal statement is given in Appendix 2,

4. INDICATORS

4.1. Performance indicators

Several Member States have developed sets of performance indicators for
the primary purpose of assessment of operational safety and other plant
overall performance aspects based on analysis of trends. Experience in the
use of such indicators has established a link between performance and Quality
Management which justifies the use of such indicators for the purposes of this
document.

A list of ideal characteristics of indicators for quantitative assessment
of operational safety performance is given in Appendix 3.

An example of overall performance indicators is shown in Appendix 4.

An example of other indicators predictive of achieving overall plant
objectives is shown in Appendix 5.

The set of indicators developed by the Institute of Nuclear Power
Operations (INFO) in the USA and the International Union of Electrical Energy
Producers and Distributors (UNIPEDE) in Western Europe is currently
recommended by the IAEA for monitoring overall plant performance. An
abbreviated list is given in Appendix 6. In this Appendix there are 10
indicators of overall performance and a further 6 are recommended as useful
management tools.

Appendix 7 is reproduced from Annex XXI of the IAEA Manual on "Quality
Management for Nuclear Power Plant Operation" [3]. This Appendix presents
typical performance indicators used in some Member States. In this example
Group A indicators relate to overall plant quality objectives. Groups B to I
are other indicators predictive of achieving overall plant objectives, which
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relate generally to the responsibilities and requirements delegated to the
various organizational units which make up the plant management team.

Appendix 8 presents a set of indicators for safety assessment, developed
by the United States Nuclear Regulatory Commission (NEC). This Appendix is
reproduced from Ref. [5].

A further example of overall performance indicators, in this case for
Finnish nuclear power plants, is given in Appendix 9 (reproduced from Ref.
[6]). These have been chosen from the key plant operation areas of nuclear
safety, electricity generation, reliability, test and maintenance
effectiveness, worker safety, environmental protection, waste generation, fuel
reliability and production costs.

Examples of presentation and display of performance indicators are given
in Appendix 10.

4.2. Non-conformance indicators

Specific plant and personnel incidents, occurrences, non-conformances,
etc., determined by normal plant surveillance, are indicators relevant to the
assessment of the effectiveness of Quality Management. Methods for identifying
the existence of non-conformance are described in the IAEA Manual on
"Implementation of Quality Assurance Corrective Actions" [4].

A methodology used by one Member State for screening incidents, failures,
etc., to determine those which are indicators of non-conformance from overall
plant quality objectives, is described in Ref. [7]. In this method, the
importance of a reported failure is based on an evaluation of the severity of
the event and its potential to result in other, more serious, events.

The IAEA-TECDOC-278 [8] suggests a candidate set of overall plant
non-conformance indicators. These indicators, which are mainly intended for
use between operating organizations and licensing bodies, are given in
Appendix 11.

Appendices 12, 13, 14 and 15 (reproduced from Refs. [9-11] and [3]
respectively) provide further examples of candidate sets of indicators based
on reportable events, including, in some cases, other indicators predictive of
achieving overall plant objectives.
14



4.3. Audit indicators

The Quality Assurance requirements included in the Code 50-C-QÂ (Rev. 1)
[1] require that the implementation and effectiveness of the Quality Assurance
programme is verified by audits. Methodology for performing and reporting
audits is well established and described in various IAEA documents,
particularly in Safety Series No. 50-SG-QA10 [12] and Technical Report Series
No. 237 [13]. Audit results including reports of deviations are therefore
indicators of Quality Management effectiveness. Audit results may be
presented qualitatively and as numerical data e.g. number of outstanding
corrective actions.

4.4. Special review indicators

Some organizations feel that, in addition to the normal audit data
reporting system, a process of special reviews and examinations can provide
useful indications of Quality Management effectiveness, e.g. Section 10,
'Feedback' of the Manual on "Quality Management for Nuclear Power Plant
Operation" [3] which describes a process of review.

Experience in Member States has shown that assessment of effectiveness
obtained by reviews can be optimised by examination of key areas of management
activities relevant to overall plant quality objectives. An example of a list
of key areas is given in Appendix 16. In this example, qualitative aspects of
the review process are complementary to the use of numerical data for
assessment of effectiveness, e.g. Corrective Action - "time to dispose or
resolve" is usually reviewed as a trend rather than considering each
non-confonuance and its corrective action individually.

The NEC Systematic Assessment of Licensee Performance (SALP) Program is
an example of a process of key area selection for the purpose of regulatory
assessment of licensee performance. The SALP arrangements include an
assessment of key attributes of management. The SALP approach may be capable
of adjustment to permit assessment by plant personnel (see Appendix 17, taken
from Ref. [14]).
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5. EVALUATION

To arrive at a comprehensive understanding of the effectiveness of
Quality Management, it is necessary to evaluate the data from each of the
groups of indicators discussed in Section 4.

The groups of indicators are complementary and should be combined in the
assessment process, e.g. deteriorating numerical performance trends should
correlate with other data on the underlying causes of occurrences, non-
conformances etc. as well as results of audits and special reviews (Fig. 5.1).

5.1. Performance indicators

In Section 4.1 the development of performance indicators was discussed.
The primary use of the data obtained is for measuring trends in actual plant
and personnel performance. This includes trends in predictive
non-conformances, occurrences, etc.

Trend analysis is performed by reviewing data for selected performance
indicators to determine whether performance is improving, deteriorating or is
remaining at the same level, compared with specified targets.

Specific target values for overall plant performance indicators at a
specific plant cannot be given in this document. They will be determined from
the regulatory and owner requirements imposed on the plant superintendent,
taking into account the plant baseline data (Section 3).

The plant superintendent should determine targets for the other
indicators of equipment and personnel performance and performance trends.
Generally these will be delegated to the relevant member of the plant
management team as individual targets, e.g. maintenance backlog would normally
be a delegated responsibility of maintenance management.

Information on trend analysis can be obtained from the various
publications issued by the US Institute of Nuclear Power Operations (INFO).

The frequency of performing trend analysis varies depending on the nature
of the indicator and its predictive "weight". Indicators strongly predictive
of overall performance may require more frequent data collection and analysis.
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FIG. 5.1. General outline of evaluation process.



Time intervals should be short enough to recognise adverse trends so that
action can be taken before major occurrences or events result.

Techniques such as process flow charting, histograms, pareto analysis and
cause/effect or root cause analysis techniques, are used to determine the
causes of adverse trends. Generally, causes will be due to human or equipment
factors or a combination of both. When human factors are identified as a
direct cause, these techniques may be used to determine whether Quality
Management ineffectiveness is the root cause.

5.2. Non-conformance indicators

Assessment methodology based on failure to achieve specified human and
equipment targets and goals is primarily performed by techniques mentioned in
Section 5.1. Root cause analysis is a particularly useful technique. This
process is described in Section 5 of the IAEA Manual on "Implementation of
Quality Assurance Corrective Actions" [4] and in Section 6.2 of the Manual on
"Quality Management for Nuclear Power Plant Operation" [3].

The methodology used for the Almaraz nuclear power plant [7], the IAEA
Assessment of Safety Significant Events Team (ASSET) programme [15], the Human
Factors Guidelines for the Content of Event Reports used by the Central
Electricity Generating Board (United Kingdom) [10], the Swedish Nuclear Power
Inspectorate (SKI) Licensee Event Report [16], and the Significant Event
Report Form (see Annex VIII of Ref. [3]), are all examples of analytical
approaches to root cause analysis which can be used to identify aspects of
Quality Management effectiveness.

5.3. Audit/special review indicators

Audits are a valuable source of data relevant to assessing effectiveness
of Quality Management when based on areas of perceived need (Section 10.2 of
the IAEA Manual on "Quality Management for Nuclear Power Plant Operation"
[3]). Root cause analysis techniques are used to improve Quality Management
effectiveness when deficiencies are found in key areas such as those described
in Appendix 16.

In addition to the analysis of deficiencies identified by audit, a review
process on an annual basis, e.g. Section 10 of the IAEA Manual on "Quality
Management for Nuclear Power Plant Operation" [3], indicates trends in the
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findings of audits and the effectiveness of the audit process. Analysis of
trends and general audit effectiveness is a further indication of Quality
Management effectiveness and scope for improvement.

The methodology used for IAEA Operational Safety Analysis Review Teams
(OSARTs) and the NRC Systematic Assessment of Licensee Performance (SALP)
Program are examples of examination of key aspects of the plant and its
management.

SALP results are categorized in levels of effectiveness as described in
Section 4.4. In general, this methodology could be adapted for use by the
plant superintendent in a regular annual review.

6. ORGANIZATION AND REPORTING

6.1. Organization of the work

The assessment of Quality Management effectiveness is conducted on behalf
of the plant superintendent to provide him with a practical means of self
assessment. The actions required are a distinct task. The assessment process
should be implemented as soon as possible after the establishment of the
formal statement of baseline data (Section 3} and after starting commercial
operation.

Detailed procedures for the assessment activities will be specific for
each station. The gathering and transmission of data as well as the reporting
routine should be scheduled.

The volume of the data generated by these activities is such that a
constant surveillance of trends, deviations, non-conformances, corrective
actions and follow-up activities should be maintained. An adequate
computerized data management system is recommended for this purpose.

To ensure proper conduct and continuity of the surveillance a competent
individual should be made responsible for the duties involved, including the
generation of required reports. This person should have the authority to
obtain all necessary information and the ability to process or analyse data.
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Some organizations consider that the Quality Assurance manager is a suitable
candidate for this position.

6.2. Reporting

As described in Section 5, the assessment process is based on the
collection, processing and evaluation of a wide range of data (see Fig. 5.1).
This will be carried out as part of the normal responsibilities of the plant
management team. Reports of these activities will be transmitted to the
individual responsible for the assessment report. Consideration should be
given to classification or grouping by, for example, discipline or
responsibility area.

The individual to whom surveillance responsibilities are assigned should
be required to produce routine reports. These reports should cover all
targets, deviations and trends of significance to the overall plant quality
objectives with a status report on audits, special reviews, non-conformances
and corrective actions. This report may be defined as the "Quality Management
Assessment Report".

The Report should also include notes on any special circumstances
or unusual events during the reporting period which could bear on the
performance of the plant, the reliability of the data or the performance of
personnel. The plant superintendent may also call for reports on special
topics at any time.

The Report should demonstrate the relationship between effective and
prompt corrective action and performance target achievement. This will give a
measure of the success of the management in achieving the plant quality
objectives.

Fig. 6.1 is proposed to show a possible structure for the assessment
reports. Although substantial detailed information is to be presented, the
Report should be kept as short as possible. Comments, evaluations, etc.
should be limited to major items only.
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Item Ho. Note
1. Report Serial No. —

Date of Issue
2. Date of Last Report and

Serial No.
3. Effective Date of Measurement

Data
4. Indicator Listing Reference Procedures
5. Performance Indicator Findings:

Indicator Value/Target Observed Trend Remarks Responsible
Value Manager

1. (include
2. reference
3. graphs

etc charts, etc)*
6. List of Audits and Special Reviews

Title Reference Finding Comment
1. *
2.
3.

etc.
7. List of Special Events and Unusual Occurrences (relevant document

references if any) since the previous report, e.g., expert team visits
and evaluations, regulatory actions, major refits and shutdowns, system
load requirement changes, Significant Event Reports, major staff changes.*

8. Itemise all non-confonuances and deviations which are identified as
likely related to significant management system inadequacies. Whether
root cause analysis has been completed or is in hand

9. Overall comments, comparison to previous reports and feedback activities.
10. Major recommendations.

Include comments on findings which are likely to have significant impact
on quality and overall plant objectives.

FIG. 6.1. Proposed format of report on assessment of quality management.
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7. CONCLUSION

The purpose of the assessment of Quality Management is to assist the
plant superintendent to measure his success in assuring and achieving the
required plant quality objectives and to indicate means to make any needed
adjustments or improvements in organization, procedures or equipment.

The plant superintendent has at his disposal a data collection and
reporting system which covers performance of equipment in relation to
predetermined requirements and expectations and human performance in relation
to assigned responsibilities and instructions. He also has data on the
analysis of deviations, occurrences, events and non-conformance in plant and
human performance, which identified causes and he can take necessary action to
prevent recurrence.

With the data at his disposal and with the system proposed in this
document, the superintendent can identify weaknesses in the effectiveness of
management, initiate necessary improvements and monitor the improvement
process over a period of time.
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Appendix 1
QUALITY MANAGEMENT PRINCIPLES

The principles to manage, perform and verify work to achieve the required
quality effectively and efficiently are to:

1. Define goals, objectives and policies and ensure they are understood.
2. Specify roles and responsibilities and ensure they are understood and

accepted.
3. Specify and communicate results to be achieved and identify and allocate

resources to achieve them.
4. Hold individuals accountable for the work they do:

- Clearly define expected results and ensure they are understood and
accepted

- Measure performance against expected results, and judge individual
performance according to results achieved

5. Ensure people are competent at the work they do.
6. Ensure the right people have the right information at the right time.
7. Seek and use relevant experience.
8. Plan and control work.
9. Use the right material, equipment and processes, and control any changes

to them.
10. Verify work to ensure that it meets requirements.
11. Identify and remedy deficiencies and their causes.
12. Control the production, use, storage and retrieval of essential documents

and records.
13. Periodically review management and work processes to maintain and improve

their effectiveness and efficiency.
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Appendix 2
BASELINE DATA

The formal statement confirming that the plant as constructed meets the
overall requirements of the owner and regulatory organization as approved by
the Plant Superintendent, should certify that:

Design

(a) the design is in accordance with the Safety Report and supporting
documentation;

(b) the design of specified major systems has been completed in accordance
with applicable codes, standards and jurisdictional requirements;

(c) any deviations from requirements have been identified and resolved (or
are in the process or resolution);

(d) any relevant outstanding design work is being monitored and controlled.

Procurement

(a) the procedures and Quality Assurance program in place in the procurement
phase provide assurance that:-

(i) materials purchased comply with the technical requirements of
purchase requisitions; or

(ii) deviations from the technical requirements have been identified and
forwarded to the requisitioner for resolution.

Construction

(a) the construction is in accordance with the approved design, drawings and
applicable construction specifications;

(b) the construction, inspection and test activities of specified major
systems have been completed in accordance with relevant codes, standards
and jurisdictional requirements;

(c) any deviations from design have been identified and resolved (or are in
the process of resolution);

(d) any relevant outstanding construction work is being monitored and
controlled.
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Commissioning and Operations

(a) the results of the commissioning tests show that the necessary systems
meet the requirements for "fuel loading" and "reactor criticalllty",

(b) any deviations from commissioning requirements have been identified and
resolved (or are in the process of resolution),

(c) any necessary outstanding commissioning work is being monitored and
controlled,

(d) there is an up-to-date list of incomplete items and activities including
outstanding quality deficiencies identified in Quality Assurance audits
and their schedule completion dates.
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Appendix 3

CHARACTERISTICS OF PERFORMANCE INDICATORS

i) Close relationship to risk (safety)

ii) Data readily available - should not discourage when real benefit

iii) Quantitative (show range of performance)

iv) Unambiguous

v) Unlikely to cause undesirable actions

vi) Significance should be understood (objective and fair)

vii) Industry wide applicability - should accommodate special cases

viii) Not susceptible to manipulation

ix) Physical results

x) Independent

xi) Manageable set, and

xii) Worthy goal
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Appendix 4

PERFORMANCE INDICATORS - KEY EFFECTIVENESS AREAS

WORKER SAFETY

gFatalities (per 10 man-hours)

Permanent Disabilities (per 10 man-hours)

Temporary Total Disabilities (per 10 man-hours)

Risk of Disabling Injury (per 10 man-hours)

PUBLIC RISK

Public Risk - Conventional -
Fatalities Per Year
Disabilities Per Year

Public Risk - Radioactivity -
Risk Expectation (Whole Body Equiv. rem.a)

Serious Process Failure Frequency -
(Events per unit operating year)
Shutdown Systems Unavailability - SDS1

- SDS2
Containment Unavailability -
Emergency Coolant Injection Unavailability

ENVIRONMENTAL PROTECTION

Environmental Protection - Air
Airborne - AREPP (%)

Environmental Protection - Water -
Thermal Emission - TEEPP (%)
Water Radioactivity - WREPP (%)
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Environmental Protection - Noise -
Noise - NEPP (%)

PRODUCT QUALITY (RELIABILITY)

In-Service Lateness (MW.a)
In-Service Date Unreliability (%)
Derating Adjusted Forced Outage Rate - DAFOR (%)
Gross Incapability Factor - ICbF (g) (%)
Sudden Outage Frequency - SOF

(events per unit operating year)
Non-survival Ratio - NSR

PRODUCT COST

Total Unit Energy Cost TUec ($/MW.h)
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Appendix 5

PERFORMANCE INDICATORS — SOME KEY RESULTS

Temporary disabilities
Station dose
Station capability factor
Radiation instrument availability
Percentage DRD dose compared to TLD dose
Unscheduled corrective maintenance ratio
SER action items outstanding
Lost time accidents
High risk safety DR's on target
Bioassays beyond 28 days
Spills to environment
Operations memos outstanding
Jumpers outstanding
QA DR's completed on target
Operations memos beyond review date
SER follow-up beyond target
Chemistry performance index
HT upgrader capacity factor
Operating Manuals 12 months behind system changes
Operating flowsheets 12 months behind system changes
Training Manuals 12 months behind major system changes
Pre-outage activity schedule
Safety deficiencies
Medically treated injuries
Training monitoring
Technical contact time
QA DR's behind completion schedule
Outstanding QA DR's
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Appendix 6
INPO/UNIPEDE INDICATORS

In the following table the Overall Performance Indicators (Nos. 1-10)
have been proposed by INPO/UNIPEDE for general plant use in monitoring overall
plant performance and for industry and international improvement and
comparative studies. Other indicators (Nos. 11-16) are from a larger list
proposed by INFO as useful management tools for assessing the specific areas
they address.

Further information for the indicators Nos. 1-16 as listed is given in
INPO publications. Information is given on requirements for data assembly and
qualifications as well as specific calculation methods and clarification of
details.
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A. OVERALL PERFORMANCE INDICATORS (INPO-UNIPEDE - 1988)

1. Indicator:- Safety System Performance

o Purpose:- To monitor the readiness of important safety systems to
respond to off-normal events or accidents. A low value of the
safety system performance indicator indicates a greater margin of
safety for preventing reactor core damage and less chance of
extended plant shutdown due to failure of a safety system to
function during an operational event.

o Description:- Sum of component unavailabilities divided by number
of trains

Includes unavailabilities due to all causes
Monitors PWR high pressure safety injection system, auxiliary
feedwater system, and emergency AC power system
Monitors BWR high pressure injection/heat removal systems,
residual heat removal system, and emergency AC power system

2. Indicator:- Unplanned Automatic Scrams per 1000 Hours Critical

o Purpose:- To monitor performance in reducing the number of
unplanned automatic reactor shutdowns. The indicator provides an
indication of success in improving plant safety by reducing the
number of undesirable and unplanned thermal-hydraulic and
reactivity transients requiring reactor scrams. It also provides
an indication of how well a plant is operated and maintained.

o Description:- Number of unplanned automatic scrams times 1000,
divided by number of hours critical

Includes all unplanned automatic scrams while critical
Planned scrams and manual scrams are not counted

3. Indicator:- Unit Capability Factor

o Purpose:- To monitor progress in attaining high unit energy
production reliability. This indicator reflects effectivenesss of
plant programs and practices in maximizing electrical generation,
and provides an overall indication of how well plants are operated
and maintained.
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o Description:- Available energy generation divided by maximum
energy generation

Available energy generation reduced by planned and unplanned
energy losses under plant management control:-
refuelling outages
maintenance outages or load reductions

testing
equipment repair
other equipment or personnel causes
regulatory actions resulting from:
— equipment design or performance
— personnel performance
— generic issues
outage extensions

Available energy generation not reduced by factors beyond
plant management control:-
grid problems
lack of demand (load following)
environmental limitations
labour strikes
fuel coastdowns
seasonal efficiency variations
regulatory actions to address external conditions

4. Indicator:- Unplanned Capability Loss Factor

o Purpose:- To monitor progress in minimizing outage time and power
reductions that result from unplanned equipment failures or other
conditions. This indicator reflects the effectiveness of plant
programmes and practices in maintaining systems available for safe
electrical generation.

o Description:- Unplanned energy losses divided by maximum energy
generation

Unplanned energy losses include all unplanned outages and
load reductions under plant management control
Outages and load reductions are "unplanned" if not scheduled
at least one month in advance
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Unplanned energy loss factor + energy availability factor +
planned energy loss factor (detailed indicator) = 100 percent
of maximum energy generation

5. Indicator:- Thermal Performance

o Purpose:- To monitor progress in achieving and maintaining
efficient thermal operation. It provides an indication of success
toward meeting design capabilities. A plant operating at or near
design values for thermal performance reflects emphasis on thermal
efficiency and attention to detail in maintenance of
balance-of-plant systems. An efficient plant enables operator to
detect abnormal trends and correct them early.

o Description:- Design gross heat rate divide by actual gross heat
rate
- Design gross heat rate is corrected for plant modifications

Actual gross heat rate is corrected for design ambient
conditions

6. Indicator:- Fuel Reliability

o Purpose:- To monitor progress in achieving and maintaining high
fuel integrity, and to foster a health respect for preservation of
fuel integrity. Failed fuel represents a breach in the initial
barrier prventing off-site release of fission products. It also
has a detrimental effect on operating cost and performance, and
increases the radiological hazards to plant workers.

o Description:- BWRs - Combined air ejector activity corrected for
tramp uranium contribution (uCi/s)

PWRs - Iodine-131 activity corrected for tramp
uranium contribution and normalized to a
common purification rate (uCi/g)

7. Indicator:- Chemistry Index

o Purpose:- To evaluate and trend progress in improving chemistry
control in boiling water reactors (BWRs) and in pressurized water
reactor (PWR) steam generators.
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o Description:- Sum of ratios of impurity concentrations to industry
accepted values, normalized to unity

Determined differently for BWRs, PWRs with «circulating
steam generators, and PWRs with once-through steam generators

Industry accepted values are taken from BWR Owners Group
Guidelines or the Steam Generator Owners Group PWR Secondary
Chemistry Guidelines

8. Indicator:- Collective Radiation Exposure

o Purpose:- To monitor efforts to minimize total radiation
exposure. Radiation exposure has been demonstrated to be related
to health risks. This parameter is a measure of the effectiveness
of radiological protection programs in minimizing this health risk
to plant workers.

o Description:- Total external whole-body dose received by on-site
personnel during period

- Includes all on-site utility personnel, contractors, and
visitors

- For multi-unit stations, unit values are estimated by
dividing the station value by the number of units

9. Indicator:- Lost-time Accident Rate

o Purpose:- To monitor progress in improving industrial safety
performance for utility personnel permanently assigned to the
station. Lost-time accident rate was chosen because the criteria
are clearly defined, utilities currently collect this data, and the
data are the least subjective.

o Description:- Number of accidents time 200,000, divided by the
number of manhours worked

A lost-time accident is a job-related injury involving days
away from work
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Includes only utility personnel permanently assigned to the
station; does not include contractor personnel
Lost-time accident at units under construction are not
included

10. Indicator:- Volume of Low-level Solid Radioactive Waste

o Purpose:- Monitors progress towards minimizing the generation of
low-level waste.

o Description:- The volume of low-level solid radioactive waste
produced in final form ready for burial, during a given period.

B. OTHER INDICATORS (SELECTED) (INFO - 1987)

11. Indicator:- Corrective Maintenance Backlog Greater than 3 months old

o Purpose:- To monitor effectiveness in making repairs of
deficiencies within a reasonable time. Maintaining a relatively
small backlog greater than three months old is an indication of
effective planning, scheduling, coordination, and materials
management. Keeping long-standing deficiencies at a minimum
enhances the ability to operate the plant, and encourages station
organizations to report deficiencies.

o Description:- The percentage of open, non-outage, corrective
maintenance work requests that are greater than three months old.
Corrective maintenance is defined as the trouble-shooting, repair,
and restoration of equipment that has failed or is malfunctioning.
Corrective maintenance includes minor modification work, but not
major (capital budget) modification. Corrective maintenance does
not include technical specification surveillance or preventive
maintenance actions.

12. Indicator:- Preventive Maintenance Items Overdue

o Purpose:- To monitor progress in the administration and execution
of preventive maintenance programs. A small percentage of
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preventive maintenance items overdue indicates a station
committment to the preventive maintenance program and an ability to
plan, schedule, and perform preventive maintenance tasks as
programs require.

o Description:- Preventive maintenance is defined as predictive,
periodic, and planned maintenance action taken to maintain a piece
of equipment within design operating conditions and to preclude
failure.

13. Indicator:- Ratio of Preventive to Total Maintenance

o Purpose:- To monitor progress in achieving and maintaining a
proactive maintenance program. Stations with a high ratio in this
area tend to be more efficient in managing their maintenance
programs and more effective in maintaining the power plant in a
safe and reliable condition.

o Description:- This indicator is defined as the ratio of non-outage
preventive maintenance and technical specification surveillance
testing man-hours to total non-outage maintenance man-hours
(corrective and preventive maintenance, and surveillance testing).

14. Indicator:- Lost time Accident Rate for Personnel involved in Maintenance

o Purpose:- Monitors progress in achieving and maintaining a safe
work environment.

o Description:- This indicator is defined as the number of accident
involving days away from work per 200,000 man-hours worked, for all
utility and contract personnel involved in maintenance. This
includes both outage and non-outage accident. A lost-time accident
is an accident that results in one or more days away from work,
excluding the day of the accident.

15. Indicator:- Unplanned Automatic Scrams While Critical Associated with
Maintenance Activities

o Purpose:- To monitor progress in minimizing the number of scrams
that occur during or result from maintenance or maintenance-related
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activities. A low rate of unplanned automatic scrams associated
with maintenance is indicative of good maintenance practices in
areas such as work control, procedures, training, and
communications.

o Description:- This indicator is defined as the number of unplanned
automatic scrams that occur while the reactor is critical and that
are associated with maintenance activities (i.e., they are cause by
or occur during any activity associated with maintenance).

16. Indicator:- Out of Service Control Room Instruments

o Purpose:- To monitor progress in minimizing the number of
out-of-service control room instruments. It provides an indication
of the attention given to maintaining instruments in an operable
condition, which allows control room operators to effectively
monitor the condition of plant systems. Operable instruments are
necessary for the prompt detection and correction of adverse
conditions.

o Description:- The number of control room instruments that cannot
perform their desired functions. A control room instrument is a
component in the control room that has one of the following
functions.

a. provides information to the control room operator on the
status of plant equipment

b. provides input to control process parameters in systems
operated from the control room

c. controls equipment operated from the control room and bypass
switches

d. provides integrated information retrieval and display
capabilities to the control room operator.
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Appendix 7
TYPICAL PERFORMANCE MEASURES

This Appendix presents typical performance measures used in some Member
States in assessing the operation quality system.

(A) NPP overall performance:

Lost time accidents per 10 man-hours
The extent to which the radiological risk criteria have been met
each year
Capacity factor
Total unit energy cost
Number of scrams/unit/year

(B) Operation:

Operating errors (number of events/year)
Work protection violations (number of events/year)
Outstanding jumpers (number of)
Incorrect equipment identification (number of events/year)
Operation procedure deficiencies (number of events/year)

- Chronic alarms in control room (number of events)

(C) Maintenance:

Outages extended
Repeated work - overhauls

- welding
- others

Fire incidents (number of events/year)
Percentage of time spent on forced, rather than scheduled
maintenance
Maintenance deferred as compared to scheduled
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(D) Technical support:

Backlog of technical work (estimated man-hours)
Technical surveillance omitted or deferred
Technical/operating documents in need of revision (number of)

(E) System chemistry:

Hours chemistry out of specification for selected systems
Percentage of chemical samples done versus scheduled
Percentage of agreement between original analysis and independent
retesting
Frequency of boiler blowdowns

(F) Administration:

Delay in distribution of documents
Inability to find records

(G) Training:

Results of training inspection and verifications
- Percentage of attendance at training, as compared to scheduled

training
Percentage of success rate at examinations, especially at licensing
examinations

(H) Radiological protection:

- mSv/person/year for potentially exposed individuals
Collective radiation exposure per MW.h
Solid radwaste generated (mg/year)
Skin or clothing contamination incidents
Non-availability of radiation monitoring instruments

(I) Security:
Errors in personnel accounting

- Unavailability of electronic surveillance/security system
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Appendix 8

THE UNITED STATES NUCLEAR REGULATORY COMMISSION'S
PERFORMANCE INDICATOR PROGRAM

1. Automatic scrams while critical. This is identical to the indicator
called "unplanned automatic scrams while critical" by the Institute of
Nuclear Power Operations (INFO). For supplemental information, the
number of automatic scrams from above 15 per cent power per 1000 critical
hours and the number of automatic scrams while critical below 15 per cent
power are monitored.

2. Safety system actuations. This PI is identical to the indicator,
"unplanned safety system actuation", used by INFO. It includes
actuations of emergency core cooling systems (actual and inadvertent) and
the emergency AC power system (actual emergency diesel generator loading).

3. Significant events. These events are identified by the detailed
screening of operating experience by NRC staff. They include degradation
of important safety equipment; unexpected plant response to a transient
or a major transient; discovery of a major condition not considered in
the plant safety analysis; or degradation of fuel integrity, primary
coolant pressure boundary or important associated structures.

4. Safety system failures. These failures include any event or condition
that by itself could prevent the fulfilment of the safety function of
structures or systems. Several systems are monitored for this indicator.

5. Forced outage rate. This indicator's definition is identical to the one
used by INPO and the NRC 'Gray Book' (NUREG-0020)*, which is the number
of forced outage hours divided by the sum of forced outage hours and
service hours.

UNITED STATES NUCLEAR REGULATORY COMMISSION, Licensed Operating
Reactors: Status Summay Report, Rep. NUREG-0020, US Government Printing
Office, Washington, DC (Monthly).
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6. Equipment forced outages per 1000 critical hours. This is the inverse of
the mean time between forced outages caused by equipment failures. The
mean time is equal to the number of hours the reactor is critical in a
period divided by the number of forced outages caused by equipment
failures in that period.

7. Collective radiation exposure. This indicator's definition is also
identical to the one used by INFO. It is the total dose at the station.
To obtain unit values, the station total is divided by the number of
units at the site contributing to exposure.
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Appendix 9

FINNISH PERFORMANCE INDICATORS

Possible Topics for Selection as Performance Indicators

Significant safety related events (number)
Actuations of safety systems (number)
Equipment failures in the safety systems (number)
Test coverage (%)
Capacity factor (%)
Energy availability (%)
Forced outage time (d)
Duration of refuelling outage (d)
Unplanned energy unavailability (%)
Significant power reductions and outages (number)
Reactor scrams (number)
Turbine trips (number)
Proportion of preventive maintenance (%)
Proportion of repair time to the allowed outage time (%)
Proportion of active repair time during period of unavailability (%)
Collective radiation exposure (man.mSv)
Exceeding of regulatory radiation dose limits (number)
Worker injuries requiring first-aid (number)
Worker injury rate (1/1 000 000 h)
Radiation exposures in environment (uSv/50 a)
Liquid and gaseous discharges (%)3Volume of radioactive wastes (m )
Radioactivity of the wastes (GBq)
Leakages in fuel elements (number)
Cost of the electricity produced (Fmk*/MW.h)

Finnish Harks.
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Appendix 10

EXAMPLES OF DISPLAY OF PERFORMANCE INDICATORS
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Appendix 11

OVERALL PLANT NON-CONFORMANCE INDICATORS

1. Exposure to radiation or release of radioactive material:

(a) exposure to radiation that exceeds prescribed dose limits for
personnel on site, or members of the public, or

(b) releases of radioactive material that exceed prescribed limits
whether they are confined to the site or extend beyond it.

2. Degradation of items important to safety:

(a) fuel cladding failure, or

(b) degradation of the primary coolant pressure boundary, main steam or
feedwater line, or

(c) loss of containment function or integrity, or

(d) degradation of systems required for reactivity control, or

(e) degradation of systems required to control system pressure or
temperature, or

(f) degradation of essential support systems.

3. Deficiencies in design, construction, operation, quality assurance or
safety evaluation.

4. Events indicating generic problems.

5. Events requiring significant consequential actions.

6. Events of potential safety significance.

7. Unusual events of either man-made or natural origin that directly or
indirectly affect the safe operation of the plant.

8. Optionally, events that attract significant public interest.
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Appendix 12

CLASSIFICATION OF UNUSUAL EVENTS AT THE PAKS NUCLEAR POWER PLANT

1. Incidents with considerable loss of power production:

unplanned energy losses
severe equipment failure or damage
events with risk of power losses
conditions or modes which are different from operational
instructions.

2. Safety related events:

(a) Nuclear Safety:
unplanned increase in reactivity

- reactor protection system (RPS) actuation by nuclear parameters (or
non-actuation)
functional degradation of:
(i) RPS
(ii) neutron measurement system (outside the core)
(iii) control logic for loading of diesel generators
(iv) boron injection system.

(b) Core cooling:
decrease in departure from nucleate boiling reserve (departure from
saturation : P . = 20 bar)min
RPS or emergency core cooling system (ECCS) actuation by technical
paramters (or non-actuation)

- functional degradation of:
(i) RPS
(ii) unit controller
(iii) power limitation logic
(iv) ECCS (control logic, diesels, pumps, etc).
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(c) Condition of safety barriers:

leak or damage of the fuel cladding
leak of the primary circuit
functional degradation of:
(i) system for pressure decrease

(ii) containment hermetization.

(d) Release of radioactivity

3. Events with no serious operational consequences.
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Appendix 13

EVENT FEEDBACK AT THE CENTRAL ELECTRICITY GENERATING BOARD

Definitions of Events for Plant Event Reports (PERs)
(To establish precursor events)

1. Unplanned reactor trips at power and tripping of safety rods during a
reactor shutdown period, other than those associated with testing.

2. Unplanned losses of output from a single boiler unit or circulator unit
which could affect mandatory operational requirements.

3. Damage to all new or irradiated fuel during charge/discharge operations
and the detection and removal of irradiated fuel failures from reactors,
but excluding both routine operations to remove Magnox fuel element
failures on load and within Magnox cooling ponds. Damage on-site to new
advanced gas cooled reactor (AGR) fuel and damage to irradiated AGR fuel
in cooling ponds.

4. Outages of a fuel machine or other essential charge/discharge equipment
which lead to an inability to discharge fuel on load for more than three
days.

5. Unavailability of auxiliaries or backup systems for periods longer than
those authorized by Operating Rules or Identified Operating Instructions
and Station Operating Instructions for which amendments must be notified
to the UK regulatory authority.

6. In-service equipment behaviour during operation, maintenance or testing
which could lead to unexpected increases in fuel temperature, or to
degradation of nuclear safety related systems, including:

(a) Defects in, or damage to, the gas circuit pressure envelope;

(b) Faulty operation or misuse of cranes or other lifting appliances
which could have resulted in a incident of nuclear safety
significance.
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7.1. A release or spread of activity inside the controlled area requiring
special investigation by the operator. A release of activity via an
authorized discharge route which is considered by the operator to be
significantly different from normal releases, yet is within authorized
limits.

7.2. Any incident in which the sum of the dose equivalent and the committed
dose equivalent exceeds any of the dose limits in Appendix 1 of the CE6B
Safety Rules (Radiological), 2nd Edition.

8. Human errors which, but for timely intervention by an operator or by
protection systems, would have degraded the nuclear safety related
systems.

9. Reports under licence conditions relating to maintenance, inspection and
testing and those of reactor safety significance from the Register of
Site Incidents.

10. Abnormal occurrences related to nuclear plants or of nuclear safety
significance due to fire and injury to personnel.

11. Events occurring with conventional equipment at other than nuclear sites
which may have an effect on nuclear plant operation.

12. Events of interest in terms of their implications for public relations.
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Definitions of Significant Event Reports
(For in-depth analysis and follow-up)

1. The event results in a radiation release outside controlled areas or
significant personnel exposure.

2. An event that would have caused significant fuel failures or radiological
hazards in the absence of safety system action.

3. An event that did not require safety system action to prevent a
significant radiological hazard because of unpredictable factors rather
than specific design provisions in either the safety systems or the
process systems in the plant.

4. Two or more failures occurring in redundant systems during the same event,

5. Two or more failures, due to a common cause (dependent failures),
occurring during the same event.

6. Component failures, leading to a degraded nuclear safety state or
unexpected increase in fuel temperatures, occur that would have easily
escaped detection by installed instrumentation, testing, examination or
inspection.

7. An event proceeds in a way significantly different from what would be
expected such that a CE6B Category 1* Plant Modification or a change to
Operating Rules or Identified Operating Instructions is necessary.

8. An event or operating condition occurs that had not been identified in
the plant design basis safety assessment or its later approved amendments.

9. An event occurs which could have been a greater threat to nuclear plant
safety under more onerous plant conditions, the follow-on of another
credible occurrence, or a different credible progression of occurrences.

10. Human errors, such as administrative, procedural or operational errors,
occur that resulted from a fundamental misunderstanding of plant design,
performance or safety requirements.
A modification which, if inadequately conceived or executed, might lead
to a serious increase in the risk of radiological hazard or which
involves significant alteration to the principles on which safety
arguments have been based.
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Appendix 14
CRITERIA FOR THE REPORTING OF EVENTS
AT JAPANESE NUCLEAR POWER PLANTS

1. Incidents reportable to Regulatory Body:

Reactor events which necessitate a reactor shutdown (the decision
to shut down a reactor being based on the restriction items of the
safety regulations, which are approved in accordance with LRNR);

Release of gaseous and liquid radioactive material which exceeds
the permitted level of radiation;

Leakage of substances contaminated by nuclear fuel material or
nuclear source material outside of the radiation controlled area;

Execution of preventive measures for leakage of substances
contaminated by nuclear fuel material or nuclear source material
inside the radiation controlled area;

Radiation exposure that has exceeded, or has the possibility of
exceeding, the allowable level of radiation;

Occurrence of personnel hazard or the possibility of there existing
such a hazard in a nuclear facility.

Reportable incidents include:
(a) Death of personnel caused by electric shock
(b) Fire in an electrical system
(c) Death of personnel or destruction of structures caused by the

failure or destruction of articles
(d) A radiation accident
(e) Destruction of principal electrical equipment
(f) Incidents disturbing electricity generation
(g) Natural hazards
(h) Incidents which occur during the fabrication of the electrical

equipment.
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2. Incidents and failures to be notified to Regulatory Body:

These are minor incidents and failures less important than
"reportable" incidents (1). This includes the following:

Reactor shutdown for causes other than the reactor facilities;
Reactor power reduction;
Incident or failure of electrical equipment other than major
equipment ;
Fuel leakage identified by dripping during reactor shutdown;
Partial failure of double parallel systems (alarm level);
Maintenance and repair of emergency core cooling system during
operation.
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Appendix 15

INCIDENTS REQUIRING A SIGNIFICANT EVENT REPORT

1. Public Safety

(a) An injury or fatality to a member of the public resulting from the
operation of a nuclear power station.

(b) Level 1, 2 or 3 impairment of a special safety system. This is to
include failures that prevent routine testing for more than half
the test interval.

(c) Process system fault which potentially could have resulted in a
fuel temperature increase.

(d) Inoperability of a stand-by safety related system.

(e) A failure of any part of the air, water and power systems that
impairs a special safety system such that it is unable to satisfy
its overall design intent.

(f) An event at a nuclear power station that results in the
notification of the Provincial Authorities under the terms of the
Provincial Nuclear Emergency Plan.

(g) An incident for which the Abnormal Incidents manual for the
affected system specifically states an SER is required.

(h) Any violation of the Plant Operating Policies and Principles.

2. Worker Health and Safety

(a) Disabling injury (temporary total disability, permanent disability
or fatality).

(b) Poisoning by a harmful gas.
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(c) Any electrical contact that requires medical attention.

(d) An unplanned acute radiation exposure resulting in a whole body
dose exceeding l rem (0.01 Sv).

(e) A failure of one or more components which causes a significant
reduction in the effectiveness of a system.

(f) An event which results in a near-miss in any of the above
categories that the shift supervisor and/or department manager feel
should be brought to the attention of other operating departments.

(g) Where an employee refuses to work owing to a health or safety
concern and the Ministry of Labour is notified.

(h) An event that results in the declaration of a radiation alert,

(i) Any incident in which the regulatory dose limits are exceeded.

3. Environment Protection

(a) An acute event that results in the unplanned release of a
radioactive effluent which in itself contributes ±2% of the limit
for the reporting period.

(b) An unplanned release of spill of chemicals or oils which has or
could have an adverse impact upon public health and well-being,
wildlife or water resources.

4. Production Reliability

(a) An unplanned initiation of any of the station's safety "protective"
systems from any power level, e.g.:

reactor setback/stepback
- turbine trip

reactor trip
generator trip
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(b) An unplanned event or impairment that threatens the security of the
bulk electrical system by suddenly disrupting the production of
more than one generating unit.

5. Production Cost

(a) An unplanned unit outage, outage extension or a unit forced
derating which results in loss of production equivalent to two
hours at 100% capacity.

(b) An unplanned event which results in labour, material, heavy water
upkeep, or fuel costs, the sum of which are in excess of 50 000
dollars.

(c) An event which narrowly misses causing major economic loss.

(d) An acute escape of heavy water defined as 100 kg or greater.

(e) An unsafe failure or condition which significantly reduces the
effectiveness of conventional plant safety equipment, e.g.

- turbine-generator protective systems
electrical protection systems

(f) A pressure tube or calandria tube leak.

6. Security and Safeguards

(a) Any theft or attempted theft of a "prescribed substance".

(b) Any actual or attempted act of sabotage or unauthorized entry to
the plant.

(c) A failure of any portion of the security monitoring system which
was not or could not be compensated for by an alternative
arrangement.

(d) A failure of any portion of the IAEA monitoring system which leads
to a violation of the conditions of the IAEA safeguards agreements
for the facility.
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7. Transportation of Radioactive Materials

(a) An accident involving a transporter while carrying radioactive
material from the plant. Also, any accident involving the
transportation of radioactive materials for which the plant is
requested to provide assistance, whether or not the plant is the
shipper.

(b) A leak of radioactivity or contamination from a package while being
transported from the plant.

8. Other

(a) The concentration of deuterium (or hydrogen) exceeds 4% in the
moderator cover gas, heat transport storage tank cover gas, or
liquid zone cover gas.

(b) An event that results in the design pressure of a system or
pressure vessel being exceeded.

(c) Explosion or rupture of a boiler, pressure vessel, or piping.

(d) The Department Manager (or delegate) requests an SEE.

(e) System Chemistry goes out of specification as given below:

SYSTEM PARAMETER SPECIFICATION SER REQUIRED

Moderator Chloride <0.1 mg/kg >0.5 mg/kg for more than 24 hours

Heat Transport pH 10.3-10.7 <9.0 for more than 24 hours
<7.5 for any period of time
>12 for more than 24 hours
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Boilers pH 8.8-9.3 <8.0 for more than 24 hours
Silica <1 mg/kg >5 mg/kg for more than 24 hours
Chloride <0.1 mg/kg >5 mg/kg for more than 24 hours
Sodium <0.1 mg/kg >2.5 mg/kg for more than 24 hours

Condensate pH 8.8-9.3 <8.0 for more than 24 hours

Feedwater Hydrazine 20-50 mg/kg <10 mg/kg for more than 24 hours

Stator Cooling Conductivity <0.1 mS/min >0.6 mS/min for more than 24 hours

(f) Any liquid effluent sampler or gaseous effluent sampler is
unavailable for any reason.
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Appendix 16

SPECIAL REVIEW INDICATORS

1. Programme Management and Support
- Commitment, Routine Reviews, Communication of attitudes.

2. Personnel - Staffing levels, training, qualification, competence,
independence.

3. Procedures - coverage, revision, updating, availability, comprehension,
compliance.

4. Verification - Formal review, checking, approval, inspection and test
effectiveness.

5. Audit - Planning, conduct, findings, follow-up, coverage.

6. Corrective Action - Non conformance, identification, ranking, follow-up,
trends, time to dispose or resolve.

7. Documentation - control, appropriateness, maintenance.

8. Quality Improvement - Identification, objectives, achievements, follow-up.

9. Technical Support - Identification, time to complete.
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Appendix 17

EVALUATION CRITERIA AND ATTRIBUTES FOR ASSESSMENT OF
LICENSEE PERFORMANCE

1. Assurance of Quality. Including Management Involvement and Control

Category 1 Category 2 Category 3

There is a consistent evidence
of prior planning and assignment
of priorities; procedures for
control of activities are well
stated, controlled, and explicit.

There is evidence of prior
planning and assignment of
priorities; procedures for
control of activities are
stated and defined.

a. There is little evidence of prior
planning and assignment of
priorities; procedures for control of
activities are poorly stated or not
well understood.

Policies are well stated, b.
disseminated, and understandable.

Policies are adequately
stated and understood.

b. Policies are poorly stated,
poorly understood or non-
existent.

c. Decisionmaking is consistently
at a level that ensures ade-
quate management review.

c. Decisionmaking is usually at
a level that ensures adequate
management review.

c. Decisionmaking is seldom at a level
that ensures adequate
management review.

d. Corporate management is fre-
quently and effectively
involved in site activities.

d. Corporate management is usually d. Corporate management is seldom or
involved in site activities ineffectively involved in site
in an effective manner. activities.o\



1. Assurance of Qt.ialj.ty. Including Management Involvement and Control (cont.)

Category 1

Engineering evaluations are
consistently technically ade-
quate and records and plant
performance data are complete,
well maintained, and available.

Category 2

e. Engineering evaluations are
generally adequate and records
and plant performance data are
generally complete, well main-
tained, and available.

Category 3

e. Engineering evaluations are frequent-
ly inadequate and records and plant
performance data are not complete,
well maintained, or available.

Corrective action is effective
as indicated by lack of
repetition of events.

f. Corrective action is usually
taken but may not be effective
in correcting the root cause
of the problem, as indicated by
occasional repetition of events.

f. Corrective action is not timely or
effective and generally addresses
symptoms rather than root causes, as
indicated by repetition of events.

g. Safety review committees
(ISE6, onsite, offsite, etc.)
and feedback from QA/QC
activities are used to provide
critical self-assessments to the
corporate management and to
improve work activities.

Root cause analyses
and self-assessments are
occasionally evident and
sometimes result in improve-
ments .

Corporate management does not
appear to rely on self-assessment to
ensure quality in activities.



5. Operational and Construction Events

Category 1 Category 2 Category 3

a. Few significant operational
or construction events,
attributable to causes under
the licensee's control, have
occurred that are relevant to
this functional area.

a. Occasional significant opera-
tional or construction
events, attributable to causes
under the licensee's control,
have occurred that are rele-
vant to this functional area.

a. Frequent significant operational
or construction events, attributable
to causes under the licensee's
control, have occurred that are
relevant to this functional area.

b. Events are promptly and
completely reported.

b. Events are reported in a b. Events are frequently reported late
timley manner; some information or not completely,
is occasionally lacking.

c. Events are properly identified
and analyzed.

c. Events are accurately identi-
fied, but some analyses are
marginal.

c. Events are poorly identified or
analyses are marginal; events are
associated with programmatic
weaknesses.

d. Deficiencies in man-machine
interface (e.g. in human
engineering design and pro-
cedures) rarely result in
personnel errors.

d. Deficiencies in man-machine
interface result in personnel
errors, but effective
corrective actions are imple-
mented.

d. Deficiencies in man-machine inter-
face repeatedly result in personnel
errors.



6. Staffing (Including Management)

Category 1 Category 2 Category 3

a. Positions are identified,
and authorities and responsi-
bilities are well defined.

Key positions are identified,
and responsibilities are
defined.

a. Positions are poorly identified,
or authorities and responsibilities
are ill defined.

b. Vacant key positions are
filled on a priority
basis.

Vacant key positions are
usually filled in a
reasonable time.

a. Key positions are left vacant for
extended periods of time.

c. Expertise is available within
the staff; outside consultants
are rarely needed; staffing is
ample as indicated by control
over backlog and overtime.

Expertise is usually
available within the staff;
consultants are appropriately
used; staffing is adequate as
indicated by occasional diffi-
culties with backlog or over-
time.

a. Very little expertise is available
within the staff; there is excessive
reliance on consultants; staffing is
weak or minimal as indicated by
excessive backlog or overtime.

d. Experience levels for manage-
ment and operations personnel
exceed commitments made by
licensee at time of licensing.

d. Experience levels for manage-
ment and operations personnel
meet commitments made by
licensee at time of licensing.

d. Experience levels for management
and operations personnel are below
commitments made by licensee at time
of licensing.



7. Effectiveness of Training and Qualification Programme

Category 1 Category 2 Category 3

a. Training and qualification
programme makes a positive
contribution, commensurate
with procedures and staffing,
to the understanding of work
and adherence to procedures, as
indicated by few personnel
errors.

a. Training and qualification
programme contributes
to an adequate understanding
of work and fair adherence
to procedures, as indicated
by a modest number of
personnel errors.

a. Training and qualification pro-
gramme is found to be the major
contributing factor to poor under-
standing of work, as indicated by
numerous procedural violations or
personnel errors.

Training programme is well
defined and implemented with
dedicated resources and a
means for feedback of
experience programme is
applied to nearly all the staff.

b. A defined programme is b. Programme is either lacking, poorly
implemented for a large portion defined, or ineffectively applied for
of the staff. a significant segment of the staff.

Inadequate training could
rarely be traced as a root
cause of major or minor events
or problems occurring during
the rating period.

c. Inadequate training could
occasionally be traced as a
root cause of major or minor
events or problems occurring
during the rating period.

c. Inadequate training could regularly
be traced as a root cause of major or
minor events or problems occurring
during the rating period.

Procedures and policies are
followed.

d. Procedures and policies are
rarely violated.

d. Procedures and policies are
occasionally violated.
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