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C A T E G O R IE S  IN  T H E  IA E A  S A F E T Y  S E R I E S

A hierarchical categorization scheme has been introduced, according to which 
the publications in the IAEA Safety Series are grouped as follows:
Safety  Fundam entals (silver cover)

B asic objectives, concepts and principles to ensure safety.

Safety  Stand ard s (red cover)

B asic requirements which must be satisfied to ensure safety for particular 
activities or application areas.

Safety  Guides (green cover)

Recommendations, on the basis o f international experience, relating to the 
fulfilment o f  basic requirements.

Safety  P ractices (blue cover)

Practical examples and detailed methods which can be used for the application 
o f Safety Standards or Safety Guides.

Safety Fundamentals and Safety Standards are issued with the approval o f the 
IA EA  Board o f Governors; Safety Guides and Safety Practices are issued under the 
authority o f the Director General o f the IAEA.

There are other IA EA  publications which also contain information important to 
safety, in particular in the Proceedings Series (papers presented at symposia and 
conferences), the Technical Reports Series (emphasis on technological aspects) and 
the IA EA -TEC D O C  Series (information usually in preliminary form).
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F O R E W O R D

by the Director General

Nuclear power is well established and can be expected to become an even more 
significant part o f  the energy programmes o f many countries, provided that its safe 
use can be ensured and be perceived to be so ensured.

The International Atomic Energy Agency, recognizing the importance o f the 
safety o f  the industry and desiring to promote an improving safety record, set up a 
programme in 1974 to give guidance to its Member States on the many aspects o f 
the safety o f nuclear power reactors. Under this Nuclear Safety Standards (N U SS) 
programme, more than 60  Codes and Safety Guides dealing with radiological safety 
were published in the IA E A  Safety Series between 1978 and 1995. The N USS 
programme is so far limited to land based stationary plants with thermal neutron 
reactors designed for the production o f power.

The Codes and Safety Guides are presented in such a form  as to enable a 
M ember State, should it so desire, to make their contents directly applicable to 
activities under its jurisdiction. Therefore, consistent with the accepted practice for 
codes and guides, ‘shall’ and ‘should’ are used to distinguish between strict require
ments and desirable options respectively.

The five Codes deal with the following topics:

— Governmental organization
— Siting
— Design
— Operation
— Quality assurance.

These five Codes establish the basic requirements that must be met to ensure ade
quate safety in the operation o f  nuclear power plants.

The Safety Guides are issued to describe to Member States acceptable methods 
o f  implementing particular parts o f  the relevant Codes. Methods and solutions other 
than those set out in these Guides may be acceptable, provided that they give at least 
equivalent assurance that nuclear power plants can be operated without undue risk 
to the health and safety o f the general public and site personnel. Although these 
Codes and Safety Guides establish an essential basis for safety, they may require the 
incorporation o f more detailed requirements in accordance with national practice. 
M oreover, there will be special aspects that need to be assessed by experts on a case 
by case basis.

These publications are intended for use as appropriate by regulatory bodies and 
others concerned in M ember States. In order to comprehend the contents o f any of 
them fully, it is essential that the other relevant Codes and Safety Guides be taken 
into account. Other safety publications o f the IA EA  should be consulted as necessary.
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The physical security o f  fissile and radioactive materials and o f  nuclear power 
plants as a whole is mentioned where appropriate but is not treated in detail. Non- 
radiological aspects o f  industrial safety and environmental protection are also not 
explicitly considered.

The requirements and recommendations set forth in the N USS publications 
may not be fully satisfied by older plants. The decision o f  whether to apply them to 
such plants must be made on a case by case basis according to national 
circumstances.

Revisions o f  the Codes and Safety Guides, as is the case with this Code and 
Safety Guides on quality assurance, take into account the lessons learned since the 
previous publications. During the original development o f these publications as well 
as during the revision process, care is taken to ensure that all M ember States with 
active nuclear power programmes provide their advice. The draft Codes and Safety 
Guides go through reviews, including a final one by the Nuclear Safety Standards 
Advisory Group (N U SSA G ). The revised Codes are approved by the Board o f 
Governors. In the revision process new developments in technology and methods o f 
analysis are incorporated on the basis o f international consensus. It is hoped that the 
revised Codes will be o f use and will be considered by M em ber States in the estab
lishment o f  the safety requirements for nuclear power reactors within the national 
legal and regulatory framework.

Any M em ber State wishing to enter into an agreement with the IA E A  for its 
assistance in connection with the siting, design, construction, commissioning, opera
tion or decommissioning o f a nuclear power plant will be required to follow those 
parts o f  the Codes and Safety Guides that pertain to the activities to be covered by 
the agreement. However, it is recognized that the final decisions and legal responsi
bilities in any licensing procedures rest with the M ember States.
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G L O S S A R Y

The NUSS documents on quality assurance were developed using common 
everyday language. No unique quality assurance terminology was used beyond the 
usual terms defined in existing national and international standards. Only seven 
definitions on specific terms common to the overall NUSS programme are included 
below.

The terms Siting, Design, Construction, Commissioning, Operation, and 
Decommissioning are used to delineate the six major stages of the licensing process. 
Several of the stages may coexist; for example, Construction and Commissioning, or 
Commissioning and Operation.

Com m issioning

The process during which nuclear power plant components and systems, 
having been constructed, are made operational and verified to be in accordance with 
design assumptions and to have met the performance criteria; it includes both non
nuclear and nuclear tests.

C onstruction

The process o f manufacturing and assembling the components o f a nuclear 
power plant, the erection o f  civil works and structures, the installation o f components 
and equipment, and the performance o f associated tests.

D ecom m issioning

The process by which a nuclear power plant is permanently taken out o f 
operation.

Design

The process and the result o f  developing the concept, detailed plans, support
ing calculations and specifications for a nuclear power plant and its parts.

O peration

All activities performed to achieve the purpose for which the plant was con
structed, including maintenance, refuelling, in-service inspection and other

1
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associated activities.
N uclear Safety

The achievement o f  proper operating conditions, prevention o f  accidents or 
mitigation o f accident consequences, resulting in protection o f  site personnel, the 
public and the environment from undue radiation hazards.

Siting

The process o f  selecting a suitable site for a nuclear power plant, including 
appropriate assessment and definition o f the related design bases.

2
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1 . IN T R O D U C T IO N

101. This Code is part o f the IA E A  Nuclear Safety Standards (N U SS) programme. 
It provides the basic requirements to be adopted for establishing and implementing 
quality assurance programmes related to the safety o f  nuclear power plants. These 
basic requirements apply to the overall quality assurance programme o f the 
responsible organization, i.e . the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate quality assurance programmes 
in each stage o f  the life o f a nuclear power plant.

102. This Code (Revision o f 50-C -Q A  (Rev. 1)) contains only basic requirements 
which must be satisfied to ensure safety. Therefore, the main text o f  the Code has 
been significantly condensed and guidance on how to implement the basic require
ments is included in the appropriate Safety Guides. The result is a much simpler 
Code, setting out only requirements. Care was taken to ensure that all the require
ments o f  the previous issue were retained. Certain requirements o f  the former Code, 
such as audit and training, were expanded in the new edition to be more com 
prehensive and to provide better direction.

103. Through the revised Code and related Safety Guides on quality assurance, the 
point is emphasized that managers, those performing the work and those assessing 
the work, all contribute in ensuring quality and achieving safety. This performance 
based approach to quality assurance serves to correct a common misunderstanding 
that quality assurance consists only o f  formalistic requirements.

104. The responsible organization has to demonstrate the effective fulfilment o f the 
quality assurance requirements to the satisfaction o f the regulatory body. Explicit 
reference to the regulatory body is avoided in this Code in order to focus on perfor
mance and emphasize the full responsibility o f those who do the work, such as: 
designers, constructors, operators, maintenance workers and radiation protection per
sonnel. The main objective is to facilitate, support and ensure safety in nuclear power 
plant siting, design, construction, commissioning, operation and decommissioning.

O B JE C T IV E

105. The objective o f  this Code is to establish basic requirements for quality assur
ance in order to enhance nuclear safety by continuously improving the methods 
employed to achieve quality. The Code recognizes that all work is a process that can 
be planned, performed, assessed and improved.

BACKGROUND

7
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SCOPE

106. The Code provides the basic requirements for establishing and implementing 
quality assurance programmes for the stages o f siting, design, construction, commis
sioning, operation and decommissioning o f nuclear power plants.1 These basic 
requirements apply to all individuals and organizations, including designers, 
suppliers, constructors, manufacturers and operators.

107. The basic quality assurance requirements presented in this Code also apply, 
with appropriate modifications, to nuclear installations other than nuclear power 
plants.

ST R U C T U R E

108. The basic requirements defined by this Code constitute the foundation o f a 
comprehensive quality assurance programme. They are divided into three functional 
categories: Management (Section 2 ), Perform ance (Section 3) and Assessment 
(Section 4 ). Supplementary information on the basic requirements o f  the Code is 
given in the Annex.

2. MANAGEMENT

Q U A L IT Y  A SSU R A N C E PR O G R A M M E2

201 . Management shall develop, implement and maintain a quality assurance 
program m e.3 The quality assurance programme shall include details o f how work 
is to be managed, performed and assessed, consistent with the basic requirements in 
this Code. The quality assurance programme shall include the organizational 
structure, functional responsibilities, levels o f authority and interfaces for those 
managing, performing and assessing the adequacy o f  work. The quality assurance 
programme shall address management measures, including planning, scheduling and 
resource considerations.

1 Typical work to be addressed includes research and development, designing, pur
chasing, fabricating, manufacturing, handling, storing, cleaning, erecting, installing, testing, 
inspecting, maintaining, repairing, operation, technical support, refuelling and disassembly.

2 For further guidance see Safety Guides Ql; and Q8 to Q14 inclusive.
3 In some Member States the quality assurance programme is referred to as the 

quality assurance system or the quality system.
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202 . Management in the entire and constituent areas o f  work shall provide and 
demonstrate support for the effective implementation o f the quality assurance pro
gramme consistent with specified time schedules for accomplishing project activities. 
The responsible organization shall also be responsible for the establishment and 
implementation o f  the overall quality assurance programme. I f  the responsible 
organization delegates to other organizations the work o f establishing and implemen
ting all or a part o f the overall programme, it shall retain responsibility for the effec
tiveness o f the programme in all circumstances.

203 . The quality assurance programme shall provide an interdisciplinary approach 
involving many organizational components and shall not be regarded as the sole 
domain o f any single group. The quality assurance programme shall demonstrate the 
integration o f  the following three principles: (1) managers provide planning, direc
tion, resources and support to achieve the organization’s objectives; (2) staff 
performing the work achieve quality; and (3) staff performing assessments evaluate 
the effectiveness o f  management processes and work performance. The quality 
assurance programme shall be binding on everybody.

204 . Nuclear safety shall be the fundamental consideration in the identification o f 
the items, services and processes to which the quality assurance programme applies. 
A graded approach based on the relative importance to nuclear safety o f each item, 
service or process shall be used. The graded approach shall reflect a planned and 
recognized difference in the applications o f  specific quality assurance requirements.

205 . The quality assurance programme shall include measures which ensure that 
documentation is available in language appropriate to the users.

TR A IN IN G  AND Q U A LIFIC A TIO N

206 . Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and understand the safety consequences o f their activities.

N O N -CO N FO RM A N CE CO N TRO L AND C O R R E C T IV E  A C TIO N S4

207 . Items, services and processes that do not meet specified requirements shall be 
identified and the safety impact o f  the non-conformances assessed and reported to 
the appropriate level o f management. Depending on the results o f the assessment,

4 For further guidance see Safety Guide Q2.
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the items shall be either accepted, rejected, repaired or reworked, and services and 
processes accepted or rejected.

208 . T o  ensure improvement, the causes o f such non-conformances shall be 
determined and action taken to prevent their recurrence. Item characteristics (such 
as reliability), process implementation, experience and other quality related informa
tion (including management processes) shall be reviewed and the data analysed to 
identify improvements.

D O CU M EN T CO N TRO L AND R E C O R D S5

209 . Documents such as procedures, instructions, specifications and drawings, or 
other media which describe processes, specify requirements or establish design, shall 
be prepared, reviewed, approved, issued, distributed, authorized, revised and, as 
required, validated. All personnel preparing, revising, reviewing or approving docu
ments shall be specifically assigned to this work and be given access to approp
riate information upon which to base their input. Personnel using documents shall 
be aware o f and use appropriate and correct documents.

210 . Records relating to personnel and records that describe the status, configura
tion and characteristics o f  items and services, describe the performance o f  processes 
and represent objective evidence o f  quality shall be specified, prepared, reviewed, 
approved and maintained. All records shall be legible, complete and identifiable. A 
records system shall be established to provide for the identification, collection, 
indexing, filing, storing, maintenance, retrieval and disposal o f  records. Retention 
times o f records and associated test materials and specimens shall be established to 
be consistent with the type o f  records, material and specimens involved.

3. PERFORMANCE

W O RK

301 . During all stages in the life  o f the nuclear power plant, work shall be planned 
and performed in accordance with established codes, standards, specifications, 
practices and administrative controls. W ork shall be performed under controlled

5 For further guidance see Safety Guide Q3.
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conditions, using approved current instructions, procedures, drawings or other 
appropriate means that are periodically reviewed to ensure adequacy and 
effectiveness.

302 . Items and services shall be identified and controlled to ensure their proper use. 
Items shall be shipped, stored, handled, maintained, operated and used as specified 
to prevent their damage, loss or deterioration.

303. Equipment used for process monitoring, data collection, and inspections and 
tests shall be o f the proper range, type, accuracy and precision.

D ESIG N

304. Design, including subsequent changes, shall be carried out in accordance 
with established engineering codes and standards, and shall incorporate applic
able requirements and design bases. Design interfaces shall be identified and 
controlled.

305 . The adequacy o f  design, including design tools and design inputs and outputs 
shall be verified or validated by individuals or groups other than those who originally 
performed the work. Verification, validation and approval shall be completed before 
implementation o f the design.

PR O C U R E M E N T 6

306 . Procured items and services shall meet established requirements and perform 
as specified. Suppliers shall be evaluated and selected on the basis o f specified 
criteria.

307. Requirements necessary to ensure the quality o f  items and services shall be 
developed and specified in the procurement documents. Evidence that purchased 
items and services meet procurement requirements shall be available before they are 
used.

308 . Requirements for reporting deviations from procurement requirements shall 
be specified in the procurement documents.

6 For further guidance see Safety Guides Q6 and Q7.
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309. Inspection and testing o f specified items, services and processes shall be 
conducted using established acceptance and performance criteria. The level o f 
inspection and testing and the degree o f independence o f personnel shall be 
established.

310. Administrative controls, such as hold points and status indicators, shall be 
used to preclude the bypassing o f required inspections and tests. Any inadvertent 
use, installation or operation o f items, services and processes which have not passed 
the required inspections and tests shall be prevented.

4. ASSESSMENT

M A N A G EM EN T SE L F -A SSE SSM E N T 8

401 . Management at all levels shall regularly assess the processes for which it is 
responsible. Management shall determine its effectiveness in establishing, promoting 
and achieving nuclear safety objectives. Management process weaknesses and 
barriers that hinder the achievement o f  the nuclear safety objectives shall be identi
fied and corrected.

IN D EPEN D EN T A SSE SSM E N T 8

402 . Independent assessments shall be conducted on behalf o f management to mea
sure the effectiveness o f management processes and the adequacy o f  work perfor
mance, to monitor item and service quality and to promote improvement. 
Independent assessments consist o f  audits, reviews, checks and other methods.

403 . An organizational unit shall be established, or an outside agency assigned, 
with the responsibility to conduct independent assessments. It shall have sufficient 
authority and organizational freedom to carry out its responsibilities.

404 . Persons conducting independent assessment shall not participate directly in the 
work being assessed.

405 . The results o f the independent assessments shall be considered by manage
ment and, where necessary, actions shall be taken to implement improvements.

7 For further guidance see Safety Guide Q4.
8 For further guidance see Safety Guide Q5.
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Annex
SUPPLEMENTARY INFORMATION ON THE BASIC 

REQUIREMENTS

This Annex provides additional information that might be helpful to the user.

Basic Requirement 1 -  Q U A LITY  A SSU RA N C E PRO G R A M M E

The quality assurance (QA) programme is an interdisciplinary management 
tool that provides a means for ensuring that all work is adequately planned, correctly 
performed and assessed. It provides a systematic approach for accomplishing work 
with the ultimate goal o f doing the jo b  right the first time.

The documentation o f the QA programme is a set o f documents that describe 
the overall measures established by an organization to achieve management goals and 
objectives. These goals and objectives apply to every unit and individual within the 
organization.

Senior management is responsible and accountable for the planning, develop
ment, implementation and success o f the QA programme. It is at this level that the 
success o f  a QA programme begins, and the responsibility for the effectiveness o f 
that programme cannot and must not be delegated.

As part o f the QA programme, senior management is to develop and issue a 
written QA policy statement that establishes the management’s concept and ob jec
tives regarding quality. This policy statement must clearly reflect the commitment 
o f  senior management to the attainment and continuous improvement o f quality.

It is the role o f  senior management to establish and cultivate principles that 
integrate quality requirements into daily work, and to provide individuals performing 
the work with the necessary information, tools, support and encouragement to 
perform their assigned work properly.

The QA programme assigns responsibility to the line organization to carry out 
the work to achieve the organization’s goals and objectives, and empowers the 
individuals in the organization to perform the tasks they have been assigned. Line 
management is responsible for achieving quality in the items and services provided 
by the organization. Individual workers are responsible for the quality o f their own 
work.

The QA programme establishes the management’s objectives for the nuclear 
power plant project. The programme sets these broad objectives, assigns responsi
bilities and authorities, defines policies and requirements, and provides for the 
performance and assessment o f  work.

The QA programme is binding on all personnel, including those with responsi
bility for planning, scheduling and resource considerations. The QA programme
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describes or provides reference to the organizational structure, functional responsi
bilities, levels o f authority and interfaces for all segments o f  the organization. It is 
the intent o f  this basic requirement to ensure that the appropriate authorities are 
established and to enable the organization to carry out its functional responsibilities 
in management, performance o f  work, and in the assessment o f  the adequacy o f 
work.

The QA programme identifies all work delegated to outside organizations, and 
lines o f  communication and interfaces between internal and external organizations. 
The responsibility o f each organization, as it relates to the assigned work, is 
described.

Responsibility and authority to stop unsatisfactory work is assigned in such a 
manner that planning, scheduling and other considerations do not override safety 
considerations. The QA programme also requires that reviews be considered prior 
to restart o f  work i f  stopping the work was necessary to bring safety or quality under 
control.

Management empowers and makes individuals accountable for their work. In 
this way senior management can encourage improved individual and organization 
performance. Senior management continues to reinforce a quality culture by being 
actively involved in achieving quality.

A  graded approach based on the relative importance to nuclear safety o f each 
item, service or process is used.

The QA programme provides a common vocabulary consistent with and 
representative o f  the work being performed. All key terms used throughout the 
QA programme are defined and the definitions are an integral part o f the training 
programme to ensure that communications and understanding are consistent through
out the organization.

Basic Requirement 2  — TR A IN IN G  AND Q U A LIFIC A TIO N

This basic requirement recognizes that everyone in the organization con
tributes to quality and to the success o f the organization. Thus, it is a responsibility 
o f management to provide appropriate training for all employees to ensure they are 
qualified for the tasks they perform.

To achieve quality and maintain safety, personnel have to be capable o f per
forming their assigned tasks. Training emphasizes correct performance o f work and, 
where appropriate, provides an understanding o f QA principles and the relevant 
management procedures; it emphasizes personal accountability and responsibility, 
describes the main systems and components o f the nuclear power plant, and provides 
an understanding o f nuclear power plant operation. This training includes both 
education in principles and enhancement o f skills and practices by on-the-job training 
and the use o f simulators and mock-ups where possible. Training ensures that
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everyone understands the processes and tools they are using and provides an under
standing o f  what constitutes acceptable quality for items and services they produce 
as well as the processes they control. The training programme focuses attention on 
‘doing it right the first tim e’ .

Management training plans address and stimulate professional development 
and include professional, managerial, communication and interpersonal skills. 
Individual personnel training plans are not limited to initial qualification but provide 
maintenance o f proficiency and progressive improvement. This ensures that all 
employees are continually aware o f  state o f the art technology and processes relative 
to the work they perform.

Specific qualification requirements are established for critical and unique or 
uncommon jo b  categories i f  highly technical, specialized skills are required or i f  it 
is necessary to ensure that the individual is competent prior to performing the task. 
Such categories are determined by the organization, and qualification requirements 
are established prior to the work being performed.

The qualification training programme for personnel performing work that 
requires special competency involves a practical and written examination in which 
each candidate must demonstrate proficiency. Periodical requalifications are 
required to demonstrate that individuals continue to be capable o f performing their 
tasks.

The training programme is structured in such a way as to ensure that curricula 
address specific needs o f the individuals and the overall organization. This requires 
that training be planned and carried out using an organized systematic method with 
established goals clearly defined and sequenced. The training programme also 
requires that training be presented by qualified instructors knowledgeable in the area 
o f  expertise. Because training is crucial to the continued development o f  personnel, 
management utilizes technically competent instructors to form the curricula needed 
to achieve the organization’s objectives and enhance the development o f personnel.

The training programme is subject to ongoing review to determine programme 
and instruction effectiveness. On the basis o f the results o f reviews, the training 
programme is upgraded whenever necessary improvements or other enhancements 
are identified.

Basic Requirement 3 -  N O N -CO N FO RM A N CE CO N TRO L AND 
C O R R E C T IV E  A CTIO N S

Management fosters a ‘no-blame’ culture to encourage employees to identify 
non-conforming items, services and processes. Management ensures that adequate 
resources are provided for identifying, resolving and preventing non-conforming 
conditions. Management is also involved in the resolution o f difficult issues and pro
vides a process for resolving professional differences o f views and opinions.
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Line managers establish and implement measures promptly to identify, docu
ment, classify, analyse, correct, eliminate and follow up activities, items, services 
or processes that do not meet established requirements and goals or do not result in 
the anticipated quality.

AH personnel have the opportunity to identify non-conforming items, services 
and processes. All personnel are encouraged to identify and suggest improvements 
via the management system.

Personnel responsible for classifying and analysing non-conformances have an 
adequate understanding o f the area in which they are working and access to pertinent 
background information concerning the non-conformance. They are also indepen
dent from  cost and schedule considerations.

Determination o f  the root cause requires a thorough investigation by techni
cally qualified, experienced personnel. The investigation required includes the 
participation o f the personnel involved, such as craftsmen, operators and those iden
tifying the deficiency , in order to gain complete understanding o f the problem. The 
managers responsible for the determination o f the root cause assign sufficient 
resources to the task.

Non-conforming items are properly controlled to prevent their inadvertent test, 
installation or use. They are reviewed and either accepted, rejected, repaired or 
reworked.

Reworked, repaired and replacement items are inspected and tested in accor
dance with the original inspection and test requirements or specified alternatives.

Perform ance data and other quality related information are analysed to identify 
quality trends that adversely affect the achievement o f quality and to identify oppor
tunities to improve items, services and processes. In order to identify commona
lities, this analysis considers information from  external sources and is not limited to 
one activity, one site or one supplier.

The QA programme requires that all processes be analysed to identify trends 
that may adversely affect item, service and process quality. This analysis includes 
information performance data, internal and external failure costs and prevention 
costs.

• The QA programme also requires that levels o f performance be established. 
These levels are directly related to the item or service provided by an organiza
tion and based on the goals and objectives set by management. Once the levels have 
been established, performance is measured against them. These measurements are 
monitored on a regular basis to ascertain whether or not improvements in item, 
service or process quality are necessitated. Management plays an integral role in this 
activity.

Management recognizes that quality problems often have their origins in 
management systems and that personnel have little or no control over eliminating 
these problems or improving performance. Management encourages personnel to 
recognize and contribute to the elimination o f  problems and thereby promote quality
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improvement. Processes are established and implemented with the objective o f 
preventing problems and improving quality.

Each line manager establishes the quality improvement objectives and the mea
sures to be applied to their accomplishment. There may be instances where quality 
improvement objectives may have an impact on the QA programme. W here this 
situation arises, the objectives are referred to an appropriate level o f  management 
for endorsement and agreement.

In establishing the improvement objectives, each line manager solicits 
suggestions from supervisors and personnel. A  detailed plan for the accomplishment 
o f each o f the proposed quality improvement objectives is prepared by the respon
sible department, with management providing support, co-ordination, resources and 
training.

All quality improvement objectives are approved by an appropriate level o f 
management. The senior manager ensures that any quality improvement objectives 
for the nuclear power plant are co-ordinated and complementary, to avoid conflicting 
objectives between departments.

The quality improvement objectives are subject to ongoing review and 
monitoring by the respective department managers, and the results are reported 
periodically.

Basic Requirement 4 — D O CU M EN T CO N TRO L AND R EC O R D S

A system is established and implemented to control the preparation, review, 
approval, issuance, distribution, use and revision o f  documents that prescribe 
processes, specify requirements or establish design.

The scope and functions o f the document control systems are defined in each 
stage related QA programme. Examples o f  documents requiring control include 
drawings, data files (including various media), calculations, specifications, computer 
codes, purchase orders and related documents, vendor supplied documents, 
procedures, work instructions and data sheets.

Personnel preparing, revising, reviewing or approving documents have access 
to appropriate information.

Revisions to controlled documents are reviewed and approved by a design 
organization or a qualified and knowledgeable person.

Controlled documents are distributed to and used by the person performing the 
activity. Obsolete documents are removed from circulation to prevent their inadver
tent use.

The distribution o f  new and revised controlled documents is made in 
accordance with established guidelines.

A  records system is established and implemented to ensure that sufficient 
records are specified, prepared, reviewed, approved and maintained to reflect
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completed work accurately. For example, records o f design, procurement, con
struction, inspection, testing, operation, maintenance, modification, training, and 
research and development are typically required.

Records that require special processing and control, such as computer 
codes and software, and information stored on high density media or optical 
disks, are maintained and controlled to ensure they are readily retrievable and 
usable.

The QA programme addresses both permanent and non-permanent records 
and defines their respective retention times. Storage facilities for records are 
maintained.

Basic Requirement 5 — W O RK

Each individual takes responsibility for the quality o f the work he or she 
performs. Personnel are technically competent in using the appropriate tools and 
measuring devices and have a clear understanding o f  the work processes.

Line managers are responsible for ensuring that personnel working under their 
supervision have been provided with the necessary training, resources and direc
tions. These elements are to be provided before any work begins. W here appropri
ate, statistical process control is established and used to reduce item and process 
variability and improve quality. Line managers are required to review work and 
related information on a regular basis to ensure that the expected quality is being 
achieved and to identify areas needing improvement. They also encourage each 
individual under their supervision to look for more efficient and effective ways o f 
accomplishing assigned tasks.

All work is planned, authorized and accomplished under suitably controlled 
conditions. All work is accomplished by technically competent individuals using 
technical standards, instructions, procedures or other appropriate documents. Docu
ments that govern the work processes and activities are o f  a detail commensurate 
with the complexity and importance o f the work.

Documents that provide direction for accomplishing work are prepared, re
viewed and validated by technically competent individuals. These individuals are 
intimately familiar with the work being accomplished.

Processes are developed and implemented to identify, control and maintain 
items to the extent appropriate. This helps prevent the use o f incorrect or defective 
items in the organization’s work.

Processes are established to provide the identification, handling, storage, 
shipping, cleaning, maintenance, operation and preservation o f items in accordance 
with applicable design, procurement and manufacturing documents. Packaging, 
shipping, handling and storage processes are designed to prevent damage, loss or 
deterioration. The processes specify any special environmental controls.
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Processes are established and implemented to ensure that monitoring and data 
collection equipment is o f the accuracy and type appropriate for its intended use. 
Equipment in this category is typically used by personnel trained in the maintenance 
and use o f such equipment.

A process is established and implemented to ensure that measuring and test 
equipment which is used for in-process or final inspection o f an item or to control 
any process parameter which influences the quality o f an item’s characteristics, is 
properly calibrated, maintained, accounted for and used. The type, range and 
required accuracy o f  measuring and test equipment to be used for each application 
is specified.

Basic Requirement 6 — D ESIG N

The design process requires the use o f  sound engineering/scientific principles 
and appropriate design standards. Design requirements, inputs, processes, outputs, 
changes, records and organizational interfaces are controlled.

Design inputs are correctly translated to design outputs. Design inputs include 
all requirements for the design, such as the technical bases for the design (design 
basis), performance requirements, reliability requirements, and safety and security 
requirements. The design outputs include specifications, drawings, procedures and 
instructions.

Design changes are justified and subject to design control measures commen
surate with the original design. Design changes include field changes, modifications 
and non-conforming items designated for use-as-is or repair. Changes are subject to 
configuration and design control measures and approved by the original design 
organization or a technically qualified alternate.

Interfaces among all organizations involved in the design are identified, co
ordinated and controlled. Control o f interfaces includes assignment o f responsi
bilities and establishment o f procedures among participating internal and external 
organizations.

Design inputs, processes, outputs and changes are verified. Computer pro
grams used in design are validated through testing or simulation prior to use i f  not 
proven through previous use. Individuals or groups performing design verification 
are qualified to perform the original design. Verification is performed by individuals 
other than those who performed the design (but who may be from the same organiza
tion). The extent o f  verification is based on the complexity, associated hazards and 
uniqueness o f  the design.

Some typical design verification methods include design review, alternate 
calculation and qualification testing. Previously proven designs do not require verifi
cation unless they are intended for different applications or the performance criteria
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are different. Tests used to verify or validate design features are conducted under 
conditions simulating the most adverse operating conditions.

Design verification is usually completed before design output is used by other 
organizations, or to support other work such as procurement, manufacturing, 
construction, or research and development. In specially controlled circum stances, 
installation o f  unverified portions o f  design may proceed only to a point where 
extensive demolition or rework would not be required to replace or modify the 
design.

Evidence that the design was properly accomplished is supported by design 
records that include the final design, important design steps such as calculations, 
analyses and computer programs, and sources o f design input that support design 
output. The design organization also provides records o f design changes.

Basic Requirement 7 — PRO C U REM EN T

Management implements a procurement system that ensures purchased items 
and services, including those designated as commercial grade, meet established 
requirements and perform as expected. The system requires that procurement docu
ments include acceptance criteria and invoke applicable technical and administrative 
requirements. Technical and administrative requirements include specifications, 
codes, standards, tests and inspection requirements.

The procurement process includes prospective supplier evaluation to provide 
confidence that only qualified suppliers are selected and used. The performance o f 
suppliers, including subcontractors (as necessary), is monitored periodically to 
ensure that acceptable items and services continue to be supplied.

The procurement process provides methods for accepting purchased items 
and services. These methods include, for example, review o f manufacturing pro
cess control data, source verification, receipt inspection, pre- and post-installation 
tests, and certificates o f conformance. The procurement documents specify any 
one o f  these methods, a combination o f these methods, or some other proven 
alternative.

The quality o f  procured items and services is verified at intervals and to a depth 
consistent with the graded approach, which takes account o f the complexity, 
associated hazards, quantity and frequency o f procurement. All specification, 
inspection and test requirements are satisfied before items are used or placed in 
service. Responsibilities for rectifying any quality problems are defined and 
solutions implemented prior to item installation or use.

Management requires that procurement effectiveness be evaluated by 
comparison o f the actual performance o f items with the original performance 
criteria. Procurement effectiveness can also be measured by review o f user group 
surveys, supplier evaluations, inspection and test results, and performance data.
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Basic Requirement 8 — IN SPEC TIO N  AND T E STIN G  FO R  
A C CEPTA N C E

Management defines the types o f  work that require formal inspections. A 
process is established to specify when and what type o f inspection is to be performed 
for the types o f work to be inspected. Inspection types include source, in-process, 
final, receipt, maintenance and in-service.

Administrative controls and status indicators are incorporated into the inspec
tion process. These controls and indicators are used to preclude inadvertent 
bypassing o f required inspections and to prevent inadvertent operation o f  the item 
or process.

The inspection process may allow inspections to be performed by the organiza
tional unit responsible for the work, another department or an outside agency 
independent o f the responsible organization. Individuals inspect their own work 
to ensure they have achieved the desired level o f quality; however, person
nel performing the work do not inspect their own work for acceptance. 
Personnel responsible for performing acceptance inspections are technically 
competent.

Management ensures that inspections are properly planned. Planning addresses 
such attributes as item characteristics, work processes, inspection techniques, hold 
and witness points, acceptance criteria, and the organization or individuals 
responsible for conducting the inspections.

Appropriate tests are conducted to demonstrate that items and processes will 
perform as intended. The test process includes bench tests, proof tests before instal
lation, pre-operational tests, operational tests, post-modification tests and post
maintenance tests.

Testing is performed either by the organizational unit responsible for the work 
or by other organizations or agencies.

All testing is conducted using established and proven test requirements 
and acceptance criteria. The test requirements and acceptance criteria are pro
vided by the original design organization or an alternative design organization 
technically competent and knowledgeable concerning the item or process being 
tested.

The testing process includes administrative controls and status indicators to 
prevent bypassing o f the required tests and operation o f the item or process before 
acceptance.

Management requires that test procedures be developed and followed for 
testing work as appropriate. Test procedures cover prerequisites, technical and 
safety instructions, completeness and accuracy o f  test data, use and type o f test 
equipment and data recording devices, calibration data, establishment o f  applicable 
hold points, test configuration and acceptance criteria.
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Basic Requirement 9 — MANAGEMENT SELF-ASSESSMENT

The thrust o f  management self-assessment is to identify, correct and prevent 
management problems that hinder the achievement o f  the organization’s objectives. 
This Code establishes the requirement for a routine and continuing assessment o f  the 
management system by the organization’s managers.

This self-assessment methodology is in addition to the traditional audit/ 
appraisal that determines the adequacy and extent o f  the QA programme develop
ment, documentation and implementation in accordance with specified requirements. 
This basic requirement improves on the standard stipulation in many QA pro
grammes which requires that management regularly assess the adequacy o f  the 
portion o f  the programme for which it is responsible and ensure its effective 
implementation. This standard requirement is typically achieved, on an annual basis, 
by an independent consultant or group o f consultants on behalf o f  management, and 
it addresses compliance issues rather than broad categories o f  management issues. 
Management self-assessment goes beyond such matters as conformance to regula
tions, item standards or established procedures. These areas are addressed by Basic 
Requirement 10.

An effective management self-assessment evaluates issues such as:

— mission o f  the organization
— whether employees understand the mission
— what is expected o f  the organization
— whether the expectations are being met
— opportunities for improving quality and enhancing safety
— how to make better use o f human resources.

The results o f  the management self-assessment are documented. Decisions and 
related actions resulting from the recommendations are promptly followed up to 
evaluate their effectiveness.

The assessment process involves all levels o f  management, but the overall 
responsibility for management self-assessments is retained by senior management. 
It is essential that senior management directly participate in this process.

Basic Requirement 10 — IN D EPEN D EN T A SSE SSM E N T

Management establishes and implements a process o f  independent assess
ments. These assessments are conducted by an organizational unit independent o f  the 
work and focus on improving the overall performance o f  items, services and 
processes.

A  system o f planned and documented internal and external audits is carried out 
to assess the adequacy and effectiveness o f  the QA programme.
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Assessment personnel operate as an arm of, and as an advisor to , senior 
management. The assessments focus on evaluating the performance o f work and 
actions, and include the review and evaluation o f QA documents.

Assessment personnel view the organization being assessed as the ‘customer’ , 
so as to produce meaningful feedback about the organization’s performance.

Assessments are conducted by peers who are technically competent to review 
and evaluate the work and processes being assessed. These individuals do not have 
direct responsibility in the area being assessed. The allocation o f  resources for 
assessments is determined. Assessment schedules are flexible enough to allow addi
tional attention to be given to areas o f  questionable performance or critical or 
com plex work.

Assessment results are tracked and resolved by management having respon
sibility for the area assessed. The assessment organization schedules a follow-up 
review o f deficient areas as appropriate. Assessment responses are documented 
and include, as applicable, actions to correct the deficiency, identification o f causes 
and actions to prevent recurrence, lessons learned and actions to be taken for 
improvement.
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1. IN T R O D U C T IO N

101. This Safety Guide is part o f the IA EA  Nuclear Safety Standards (N U SS) pro
gramme. It gives recommendations relative to the fulfilment on basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirements o f the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level o f nuclear safety.

103. This Safety Guide should be used equally by the responsible organization, i.e. 
the organization having overall responsibility for the nuclear power plant, and by 
other organizations participating in the nuclear power plant project.

104. The quality assurance (QA) programme provides a disciplined approach such 
that work is performed correctly and problems are prevented. Should problems occur, 
they are detected and corrected, improvements are made and corrective actions taken 
to prevent recurrence.

105. Participant organizations other than the responsible organization should imple
ment QA programmes to the extent required by their individual procurement 
documents. Guidance on specifying QA requirements in procurement are contained 
in Safety Guide Q6.

BACKGROUND

O B JE C T IV E

106. This Safety Guide recommends acceptable ways to establish and implement a 
QA programme that is in accordance with the Code and the details contained in other 
relevant Safety Guides.

SCO PE

107. This Safety Guide applies to the establishement and implementation o f a QA 
programme by the responsible organization as well as to the establishment and
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implementation o f other separate programmes at all stages o f a nuclear power plant 
project. It covers items, services and processes important to nuclear safety. It may, 
with appropriate modifications, also be usefully applied to items, services and 
processes at nuclear installations other than nuclear power plants. The extent to which 
a QA programme is applied shall be determined by a graded approach, with nuclear 
safety as the fundamental consideration.

STR U C TU R E

108. This Safety Guide is arranged into four sections, one appendix and five 
annexes:

Section 2  provides guidance on how an organization establishes a QA pro
gramme, taking into account the work that it performs for the nuclear 
power plant project.

Section 3 provides guidance and a recommended structure for QA programme
documentation, including the form  and content o f individual 
documents.

Section 4 provides guidance on how to implement a QA programme.

Appendix provides an example o f a structure o f the documentation o f the QA
programme.

Annex I provides an example o f the key points o f the quality policy.

Annex II describes the content o f interface arrangements.

Annex III describes the content o f jo b  descriptions.

Annex IV  describes the content o f management procedures.

Annex V  describes the content o f work instructions.
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2 . E S T A B L IS H IN G  T H E  Q U A L IT Y
A S S U R A N C E  P R O G R A M M E

G EN ERA L

201. The responsible organization and the organizations involved in the nuclear 
power plant project shall establish the QA programme1 as an integral part o f their 
management system.

202. To establish a QA programme, an organization should:

(a) Identify the activities that have to be carried out.
(b) Review the applicable regulations and standards and the responsible organiza

tion’s management and technical practices to determine whether the work 
activities are adequately addressed.

(c) Review the Code, the QA Safety Guides and other relevant N U SS Codes and 
Guides to identify shortcomings and assign priorities to those areas requiring 
improvement or development.

(d) Establish tim e-scales within which the required changes should be 
implemented.

203. The responsible organization shall develop QA programmes for all nuclear 
power plant stages (siting, design, construction, commissioning, operation and 
decommissioning) at a time consistent with the schedule for accomplishing stage 
related activities.

204. Guidance on details to be addressed in the QA programmes for the different 
stages o f the nuclear power plant project are given in the stage related and basic 
requirement related QA Safety Guides. The basic requirement related QA Safety 
Guides are generic to all stages.

205. The person in the most senior management position within the organization is 
responsible for establishing the QA programme.

206. The QA programme shall be binding on everybody.

207. Since the success o f an organization’s QA programme is determined by 
management support and actions, it is essential that management o f the organization

1 In some Member States the quality assurance programme is referred to as the quality 
assurance system or the quality system
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express, in issued statements o f policy, their commitment to quality and safety and to 
the implementation o f the QA programme as the method o f achievement. The quali
ty policy should be reviewed periodically to ensure that it accurately reflects current 
organizational objectives and priorities.

208. Management should demonstrate its commitment to the quality policy through 
its actions and provide firm and unambiguous support for its implementation. The 
actions should foster a corresponding commitment to high levels o f performance by 
all personnel, who in turn should be expected to demonstrate their commitment to the 
policy. Annex I provides an example o f the key points o f the quality policy.

GRADIN G

209. W hilst the QA principles remain the same, the extent to which the QA require
ments are to be applied shall be consistent with the importance to nuclear safety o f 
the item, service or process. A graded approach which can satisfy the necessary 
requirements and ensure the required quality and safety shall be used.

210. In general, the highest grade should require the most stringent application o f the 
QA requirements; the lowest grade the least stringent. The following are examples o f 
topic areas where grading should be applied:

—  Type and content o f training,
—  Amount o f detail and degree o f review and approval o f instructions,
—  Need for and detail o f inspection plans,
—  Degree o f in-process reviews and controls,
—  Requirements for material traceability,
—  Type o f assessment,
—  Records to be generated and retained.

211. When items, processes or services are modified, the assigned grade o f QA 
requirements could becom e more stringent or less stringent depending on whether a 
change in nuclear safety significance has occurred.
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3 . D O C U M E N T A T IO N  O F  T H E  Q U A L IT Y
A S S U R A N C E  P R O G R A M M E

STR A TEG Y

301. The documentation o f the QA programme consists o f the QA programme 
description, the management documents and detailed working documents necessary 
to ensure that work is properly performed.

302. Documentation o f the QA programme should be structured so that it is appro
priate to the organization and the work it performs, and is readily understood by users. 
Its structure and format should also be flexible enough to accommodate changes in 
policy, strategic aims, quality standards, regulatory requirements and other statutes, 
as well as feedback from implementation and lessons learned from other plants and 
facilities.

303. The QA programme should adopt a vocabulary that is coherent, makes man
agerial sense and is clear, unambiguous and readily understandable. To this end, it is 
necessary to write each document in a manner appropriate to the level o f expertise o f 
the persons using it and in a user-friendly manner that reflects the normal ways o f 
working.

304. The QA programme shall include measures which ensure that documentation is 
available in a language appropriate to the user. Management shall state the languages 
to be used for the work instructions and procedures and specify measures to ensure 
that personnel understand what they are being asked to do. Translations o f documen
tation should be reviewed by competent persons to ensure they are accurate.

305. The content o f documents should be determined with the participation o f peo
ple who will use them to do their work, and other people who are affected by them. 
Such individuals should also have an input into subsequent revisions. In the case o f 
detailed working documents, trial use and validation using mock-ups, simulators and 
walk-throughs, or pre-production runs and testing are ways o f  determining the 
accuracy o f the documents.

306. Some organizations own and operate nuclear power plants and other fuel cycle 
facilities. In these cases, one QA programme for the whole organization should be 
established to co-ordinate and integrate the common objectives, missions and work o f 
the organization’s nuclear facilities. To complement such QA programmes, specific 
programmes are necessary to address work that is unique to one or more o f the orga
nization’s facilities. Maximum use should be made o f existing policies and procedures.
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307. The QA programmes should take account o f the details contained in the corre
sponding Safety Guides and should also recognize that:

— tim e-scales for implementing the stage related QA programmes overlap 
significantly;

—  there are significant transfers o f responsibility and o f hardware and software 
between the organizations responsible for the consecutive stage (Annex II pro
vides guidance on interface arrangements);

—  the planning and development o f the later stage QA programmes commences 
during the early stages o f a project, for example design review requires consid
eration o f inspectability, constructability, operability, maintainability and 
A LA R A  requirements before finalization of the design. To do this effectively, 
the advice o f constructors , and operators should be sought early in the design 
stage.

308. The requirements and needs o f the QA programme for a particular stage should 
be considered during earlier stages so that they are fully established prior to the 
commencement o f the stage. For example, establishing the QA programme for 
operations includes: providing fully documented detailed working documents; 
having a trained and qualified workforce; and ensuring that workshops, facilities, 
tools and suitable working environments are in place.

DOCUMENTATION STR U C TU R E

309. A  three-level system o f documentation is recommended as it promotes clarity 
and avoids repetition by establishing the amount o f information and detail contained 
in each type o f document and by using cross-references between specific documents 
at the different levels. What follows is the description o f a typical three-level system, 
shown in the Appendix, which consists of:

(1) QA programme description
(2) Management documents
(3) Detailed working documents.

Q U A LITY  A SSU R A N C E PRO G RA M M E D ESC R IPTIO N

310. The QA programme description defines the programme established to meet the 
basic requirements o f the Code. The QA programme description shall address those 
requirements o f the Code that apply to the organization’s work.
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311. The QA programme description should be management’s primary means of 
communicating to personnel its expectations and strategy for success and methods for 
achieving them.

312. The following should be included in the QA programme description:

—  Management’s quality policy statement;
—  The mission and objective o f the organization;
—  The organizational structure and outline o f the management procedures;
—  The level o f authority and the responsibilities and accountabilities o f persons 

and organizational units;
—  The lines o f internal and external communications and interface arrangements;
—  The responsibilities o f each organization involved in the work;
—  Requirements for training, facilities and working environment;
—  Requirements for the development o f detailed working documents for the 

performance and assessment o f work;
—  The arrangements for establishing a graded approach to nuclear safety;
—  The arrangements for measuring effectiveness and management self-assess

ment o f the QA programme.

313. The person in the most senior management position in the organization shall 
approve the QA programme description, ensure it is distributed to staff for imple
mentation o f  its requirements, and ensure its effective implementation.

M ANAGEM EN T D O CU M EN TS

314. Management documents identify the controls which expand on the policies and 
objectives presented in the QA programme description by providing specific detail on 
how activities are to be performed. These documents should:

(a) Detail the functions, authority, responsibilities and accountabilities o f  units and 
individuals within the organization. For individuals this should be in the form 
o f jo b  descriptions and for units in the form o f departmental manuals.

(b) Define the responsibilities and lines o f communication internal and external to 
the organization in each area o f activity, for example management procedures 
and interface arrangements.

(c) Specify which activities are to be carried out and controlled, and who is respon
sible and accountable and, where appropriate, refer to detailed working 
documents.

(d) Identify and plan activities to ensure work is dealt with in a systematic and 
expeditious manner.
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315. Management procedures are used to defme the processes which are identified 
in the QA programme description and which usually involve more than one organi
zational unit. Such procedures describe what is to be done to manage a specific 
process by identifying inputs, key activities, outputs, records and associated respon
sibilities and are used as inputs to the development o f interface arrangements and job  
descriptions (see Annexes II, III). To avoid unnecessary detail, cross-reference should 
be made to working instructions. Annex IV  describes a typical format for manage
ment procedures.

316. Management procedures should not be used to define how technical tasks are 
to be performed by an individual or a discrete team.

D ETA ILED  W O RKIN G  DO CU M EN TS

317. Detailed working documents consist o f a wide range o f documents developed 
by the line organizations to prescribe the specific details for the performance o f tasks 
by individuals, or by small functional groups or teams. In an operational nuclear 
power plant, they include work instructions and technical instructions and typically 
cover components and systems operation, components and systems maintenance and 
tests, modifications, calibrations, radiation protection and chemistry activities.

318. The type and format of working documents can vary considerably depending 
on the application involved. Annex V  describes an example o f the format o f a work
ing instruction.

319. The primary consideration should be to ensure that the documents are suitable 
for use by the appropriate personnel and that the contents are clear, concise and unam
biguous, whatever the format.

4. IMPLEMENTING THE QUALITY 
ASSURANCE PROGRAMME

G EN ERA L

401 . The person in the most senior management position in the organization shall be 
responsible for ensuring that the QA programme is implemented. Implementing the 
QA programme requires the collaborative effort o f management, those performing 
the work and those assessing the work. Satisfactory implementation requires good
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planning and the deployment o f adequate resources. All participants need to be 
trained to achieve proficiency and to ensure they understand the management process
es which apply to the performance o f their work. QA programme effectiveness shall 
be assessed and reviewed at all stages o f implementation. The information gained 
from assessments should be used to achieve continuing improvements in work 
performance.

PLANNING

402. Management should prepare a plan to achieve full implementation o f the QA 
programme. The implementation plan should be approved and monitored by the 
appropriate management level.

403. Staffing plans should include provisions for selecting, training and assigning 
adequate numbers o f personnel consistent with schedules for implementation and 
work loading. Consideration should be given to the need for special skills and train
ing.

404. Work plans, schedules, instructions, technical instructions and drawings which 
are needed to define the specific actions to perform work should be developed and 
used to accord with the management processes described in the QA programme 
description. Their preparation should be planned and scheduled, so that performance 
personnel have clear instructions on how to correctly perform and sequence the work.

405. Plans for assessing the effectiveness o f instructions and their implementation 
relative to the performance o f work and the results achieved with respect to quality 
and safety should be specified and implementation should commence as soon as 
possible. Frequent early assessments may be necessary to ensure the adequacy o f 
instructions and to prevent the endorsement o f poor practices.

TRAIN IN G

406. The organization’s overall objectives regarding item quality, personnel and 
public safety and their direct relation to the quality policy and the QA programme 
shall be explained in the initial and continuing training o f  all personnel who are 
managing, performing and assessing work.

407. The success o f  the QA programme in bringing about continuous quality 
improvement depends on universal acceptance within the organization. Senior
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managers, line managers, supervisors, designers and engineers, technicians, crafts
men and administrative personnel should be informed about the importance o f their 
roles.

408. The correct completion o f work should be emphasized, focusing on ‘doing it 
right the first tim e’ and on the safety consequences o f improper, inadequate or incor
rect work.

409 . Training in the application o f work instructions or m ajor instruction revisions 
should be given by the department responsible for the work to those who have to 
apply the procedure to do the work. This is an opportunity for management to explain 
the importance o f adherence to instructions. Feedback on their application should be 
sought and revisions made to correct identified difficulties.

410. The importance o f stimulating professional development should be recognized. 
Training shall provide for the progressive improvement o f personnel, and should not 
be limited to initial jo b  qualification and proficiency.

A SSE SSM E N T, A N A LYSIS AND IM PRO VEM EN T

411 . Managers should assess and analyse performance. They should consider, for 
example, failures and breakdowns, rework and frequency, delays, errors, lost time, 
work backlog trends, compliance with requirements and improvements. Use o f per
formance indicators and other appropriate methods should be developed. For further 
guidance on performance indicators see Safety Guides Q5 and Q13.

412. W hen the assessment identifies the need to change management processes, 
such changes should be formally proposed, agreed and introduced. It may be neces
sary to refer recommendations for change to a more senior level o f management.

413. Target dates for the implementation and completion o f improvements arising 
from these assessments should be assigned. Progress should be tracked to completion.
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Appendix
D O C U M EN TA TIO N  S T R U C T U R E  O F  T H E  Q U A L IT Y  

A SSU R A N C E  P R O G R A M M E

Typical documents

“►  Level 1
QA p ro g ra m m e d escr ip tion a
—  Quality policy statement
—  M ission and objectives
—  Organizational structure
—  Functional responsibilities

Level 2 
M an ag em en t d ocu m en ts
—  Management procedures
—  Job descriptions
—  Interface arrangements
—  Department manuals

Level 3 
D eta iled  w ork in g  d ocu m en ts
—  Work instructions
—  Technical instructions
—  Drawings
—  Plans and schedules

a In some Member States this document is termed a quality assurance manual.
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Annex I

The quality policy should, for example:

(1) Specify the organization’s mission and objectives.
(2) Set management’s expectations for organizational and individual employee 

performance.
(3) Express management’s support o f each employee in carrying out his/her 

assigned work.
(4) Promote an attitude o f continuous improvement.
(5) Create an environment that promotes quality and the improvement o f quality 

throughout the entire organization.
(6) Ensure employees have the necessary responsibility and authority to carry out 

their work as it has the greatest effect on item, service and process quality.
(7) State a commitment that items, services and processes should be o f the highest 

quality, resulting in protection o f the health and safety o f the workers and the 
public.

(8) Establish management’s responsibility for ensuring that employees understand 
and accept their respective roles and obligations in carrying out the quality 
policy.

(9) Define the key documents which govern the levels o f performance, such as:

—  Responsible organization’s policy statements,
—  Statutes and regulations,
—  QA programme description,
—  National codes and standards.

QUALITY POLICY
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Annex II

There needs to be a clear understanding o f the division o f responsibilities 
between all organizational units participating in a QA programme. These include 
centralized corporate and technical departments providing support to architect/engi
neering firms, company safety committees and public services providing support.

Consistent methods o f defining relative responsibilities and lines o f communi
cation should be implemented whenever two or more significant organizational units 
contribute to an activity that affects quality.

Interface agreements, sometimes referred to as ‘memoranda o f understanding’ , 
or equivalent documents should be developed to satisfy these needs. An interface 
agreement is a formal agreement which defines the interface. Its acceptance by the 
senior managers o f the interfacing organizations is obtained in writing. It should be 
distributed to all participants.

In the preparation o f these interface documents the following points should be 
addressed:

(a) The participating units should be identified and included on the circulation/con
trol list.

(b) The prime responsibilities, authority and accountability for the activity should 
be clear.

(c) Responsibilities for review and comment, approval o f technical issues, imple
mentation, reporting, verification and audit, where appropriate, should be 
defined.

(d) Key positions within each unit to act as focal points for communication should 
be identified.

(e) The contents o f the formal documents required to implement the procedure or 
convey technical information across the interface (typically programmes, plans, 
specifications, procedures, instructions, drawings and records) should be 
defined.

(f) The flow o f documents among the organizational interfaces and time-scales for 
requisite action by the interfacing units/groups should be prescribed.

INTERFACE ARRANGEMENTS
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Annex III

The Code requires that QA programmes describe the organizational structure, 
functional responsibilities, levels o f authority and interfaces for those managing, per
forming and assessing the adequacy o f work. At the individual employee level, one of 
the primary ways this information is communicated is through a jo b  description.

Job descriptions should be developed for different categories or types o f work. 
They should define the total scope of an employee’s job. Job  descriptions can be used 
effectively to establish baselines for identifying training needs. W hile jo b  descriptions 
are usually only mandated down to supervisory levels, descriptions are an excellent 
way for management to communicate responsibilities, authority and interfaces to all 
employees.

A typical jo b  description should contain the following information:

(1) Job title
(2) Purpose o f jo b
(3) Organization

—  Organizational structure for that post
—  Position in the organization
—  Lines o f reporting

(4) Duties
—  Key tasks and responsibilities
—  Authority
—  Accountability

(5) Qualifications
—  Knowledge and expertise
—  Education
—  Training
—  Experience
—  M edical fitness

JO B  DESCRIPTIONS
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Annex IV

Management procedures, sometimes referred to as programmatic or manage
ment control procedures, provide administrative direction to management personnel. 
The procedures outline the actions management must take to implement the organi
zation’s management system. Management procedures are not used to provide the 
details o f how technical tasks are to be performed. Technical tasks are addressed in 
working level documents (see Annex V ). The following provides guidance regarding 
the content o f sections typically contained in a management procedure:

(1) Purpose. What is the objective o f the management procedure? State clearly and 
concisely the specific objectives o f the management procedure and answer the 
question “why does the document exist?”.

(2) Scope. What management actions are addressed by the management procedure 
and who is supposed to use it? Define the type o f work and situations to which 
the management procedure applies. State the boundaries o f application o f the 
management procedure.

(3) R esponsibilities.' W ho in management is primarily responsible for the work 
defined in the management procedure? Identify the persons by title and define 
their responsibilities.

(4) D efinitions. What words are used in the management procedure that are not 
commonly understood? Define those words that may cause confusion.

(5) R eferences. Would other documents be o f  use to managers who use the man
agement procedure? I f  so, list the specifications, standards or other documents 
that are referenced in the text and which may possibly provide additional infor
mation to users. I f  documents are referenced in part, state the page and 
paragraph numbers.

(6) D etails. How is the work that is the subject matter o f the management proce
dure conducted? Detail the actions required to accomplish the purpose and 
scope o f the management procedure. Include all information that is critical to 
planning, scheduling and performing the work outlined in the management 
procedure. W rite the text simply and directly. Approved numbering and nomen
clature for jo b  titles and documents should be used. The details section o f a 
management procedure describes what is to be done by providing the following 
typical information:
—  Planning and scheduling considerations to ensure work is dealt with 

systematically and expeditiously
—  Administrative and technical information

MANAGEMENT PROCEDURES
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—  Work steps to be carried out
—  Responsibilities and authorities
—  Interfaces
— Lines o f communication both within and outside the organization
—  Cross-references between the management procedure and supporting 

sections o f the QA programme description, other management procedures 
and working level documents.

(7) Documents and records. W hich documents and records are necessary to do the 
work and which ones need to be retained after the work is complete? Identify 
the documents that provide the applicable policies and work requirements. 
Identify the records required to show that the tasks required in the management 
procedure have been accomplished.

(8) Appendices (where applicable). Is additional information required? I f  so, 
provide it.
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Annex V

Work instructions are used to describe specific work processes and convey 
administrative and technical information to personnel performing work. Work 
instructions include technical instructions and drawings. In an operating nuclear 
power plant, work instructions include, for example, instructions for equipment oper
ations, equipment maintenance and testing, calibrations, health physics processes, 
chemistry control and welding. The following provides guidance regarding the con
tent o f sections typically contained in work instructions.

(1) Purpose. Why is the document necessary? Give a clear, concise statement 
explaining the specific aim(s) o f the document and answer the question “why 

does the document exist?”.
(2) Scope. W hat is covered by the document? Define the type o f work and places 

where the document applies, and delineate the boundaries o f the functions, sys
tems and areas treated in the document.

N ote : The above two headings (Purpose and Scope) need not be used i f  the title ade
quately covers the content.

(3) Responsibilities. W hich persons are responsible for the particular activities 
defined in the document? Define the duties o f  the persons implementing the 
document. Identify the persons (by title) and their responsibilities and specify 
when a required action is needed.

(4) D efinitions. Define those words and terms used in the document that might 
cause confusion and thus require clarification.

(5) R eferences. Give a bibliography o f specifications, standards and other docu
ments referenced in the document. I f  documents are referenced in part, state the 
page and paragraph numbers. (This can include reference to other work instruc
tions.) R eference documents could include applicable design or other 
source documents such as vendors’ literature, engineering drawings or plant 
specifications.

(6) Prerequisites. What independent actions need to be performed and by whom, 
prior to the use o f the procedure or instruction? State any spare parts, special 
tools or instrumentation which are necessary (scaffolding, services, etc.) and 
the required state o f the plant i f  relevant, plus any special conditions to be used 
to simulate normal or abnormal operating conditions.

(7) P recautions. What precautions are necessary to protect equipment, personnel 
and the public or to avoid an abnormal or emergency situation? Identify these

WORK INSTRUCTIONS
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in the relevant steps o f the procedure or instruction or highlight them in a 
separate section.

(8) L im itations. Are there any limitations on the parameters being controlled?
Identify corrective measures to restore them to the normal control limits.

(9) Actions. Include a step by step description o f the function or task to be
performed. Give sufficient detail so that a qualified individual can perform the 
function or task without direct supervision. Wherever possible, a step should 
consist o f one action.

(10) V erification . Identify any work activity which requires verification or 
independent verification. Highlight these points at the relevant step in the 
procedure.

(11) A cceptance crite ria . Include criteria so that satisfactory completion o f the task 
or function can be determined. If tolerances in prescribed limits are allowable, 
they should be identified together with any requisite actions (reporting, etc.). 
Identify the method o f verification to be used. This can be included within the 
procedure or on checksheets. Reference documents could be used as a source 
o f acceptance criteria details.

(12) R estoration  (normally used when plant is taken out o f normal operation for
routine tests). Include step by step requirements for restoring the component or 
system to the required operational condition following completion o f the tasks 
or function (if  relevant to the particular task).

(13) R ecord s/checksheets. W hich documents/forms are used and retained? 
Checksheets are recommended when complex procedures or instructions are 
used. Enumerate, by title, the list o f reports and documents required to 
certify or provide that the tasks required in the document have been 
accomplished and verified and attach examples o f the documents/forms. 
Identify records as permanent or non-permanent in accordance with the criteria 
defined in Safety Guide Q3, together with the retention time for non-permanent 
records. Mark sample attached forms ‘Specim en’, record the date and the iden
tification o f those performing the work and, where appropriate, the ‘as found’ 
condition, corrective action performed and the ‘as left’ condition.

N ote. The following paragraphs apply to the event based instructions such as emer
gency procedures or receipt o f alarms and should be included in the procedure when
appropriate.

(14) Sym ptom s. Include a list o f symptoms such as alarms, operating conditions 
and probable magnitude o f parameter changes to aid the identification o f an 
abnormal situation. Where applicable, identify those parameters which are not 
expected to change.

(15) A utom atic actions. Identify the probable automatic actions to occur during an 
abnormal situation.
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(16) Immediate operator actions. Specify the immediate operator actions required 
or confirmation of automatic actions which will stop the degradation of condi
tions or mitigate their consequences.

(17) Subsequent operator actions. Include steps that need to be taken to return the 
plant to normal conditions or that are needed to shut down the plant safely 
under abnormal or emergency conditions.
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

BACKGROUND

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the basic require
ment of the Code on non-conformance control and corrective actions.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e the organization having overall responsibility for the 
nuclear power plant, as well as to any separate programmes in each stage of a nuclear 
power plant project, and covers items, services and processes impacting nuclear 
safety. It may, with appropriate modifications, also be usefully applied at nuclear 
installations other than nuclear power plants.

STRUCTURE

105. This Safety Guide is arranged into four sections and two annexes:
Section 2 describes general considerations on management responsibilities and

grading.
Section 3 describes processes and measures for control of non-conformances.
Section 4 provides guidance on investigation of root causes and determination of

corrective actions.
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Annex I provides examples of grading in non-conformance control.
Annex II provides examples of the typical content of a non-conformance report.

2. GENERAL CONSIDERATIONS

MANAGEMENT RESPONSIBILITIES

201. Management shall establish and maintain a process or processes that provide 
for identifying, reporting, reviewing and physically controlling items, services or 
processes that do not conform to specified requirements. It is possible to develop sev
eral different processes to control non-conforming items, services or processes such 
as work defects, event reporting, operating rule breaches, technical specification vio
lations, assessment findings, etc. Each process should make provisions to prevent the 
inadvertent use or installation of items, services or processes that do not conform and 
ensure that effective corrective action is taken. Non-conformances should be regard
ed as opportunities for improvement and as such should be used as an input to the 
quality improvement process. Management should assign sufficient resources for this 
purpose.

202. Management should ensure that those performing work are aware of and use the 
process for prompt notification and reporting of non-conformances.

203. Management at all levels should encourage personnel to discover and report 
non-conformances.

204. Management should allocate responsibilities so that the handling of non-con
formances is monitored from the time they are identified to verified completion of the 
agreed corrective action, including providing feedback to those personnel who dis
covered the non-conformance.

GRADING

205. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach, based on the relative importance to nuclear safety of each item, service or 
process, should be used. The graded approach shall reflect a planned and recognized 
difference in the applications of specific QA requirements.
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206. Annex I provides an example of the application of the graded approach in the 
non-conformance process. For further guidance on grading see Safety Guide Ql.

3. NON-CONFORMANCE CONTROL

NON-CONFORMANCE IDENTIFICATION

301. Any person who finds items1, services or processes which do not meet 
specified requirements, or who observes abnormal behaviour, should be required to 
notify and formally report the matter to the management using the appropriate 
process.

302. Conditions and events to be handled by the non-conformance control process 
could include:

— Physical characteristics outside specified limits, such as dimensional and/or 
material parameters, installation errors and item/system performance 
deficiencies.

— Deviations from approved process parameters or procedures.
— Failure of personnel to implement work, inspection or test instructions.
— Inadequate documentation, containing incorrect or incomplete information.
— Inadequate training of personnel to perform safety related tasks for which they 

have been given responsibility.
— Incidents, malfunctions and failures.

303. Non-conformances may be discovered during:
— Performance of work;
— Inspection and testing for acceptance;
— Surveillance, including process monitoring;
— Procurement;
— Assessments (for example audits);
— Regulatory inspections (see Safety Series No. 50-C-G (Rev. 1)).

1 Reference to non conforming items should be considered to also include non-con- 
forming documents.
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REPORTING

304. A formal report of a non-conformance should, for example:
— Identify who is reporting the non-conformance, when it was found and to whom 

it was reported;
— Identify the non-conforming item, service or process and state the location, the 

method used to physically mark, label, segregate or otherwise control the item 
and the service or process to prevent its inadvertent use;

— Include a description of the non-conformance;
— Describe the immediate action taken by the originator, or known to be taken by 

others, to minimize adverse effects of the non-conformance.
The non-conformances should be reported in sufficient detail to allow proper review. 
Unique identification should be given to each report to allow effective tracking. Two 
examples of information which could be included in a non-conformance report are 
shown in Annex II.

INITIAL ACTIONS

305. On being advised of a non-conformance, the line management should 
promptly:

— Ensure that a report has been raised, verify the details contained in it and 
acknowledge notification;

— Initiate immediate, necessary action to minimize the effect of the non-confor- 
mance;

— Confirm that the item, service or process has been identified (i.e. physically 
marked, labelled, segregated or otherwise controlled) as non-conforming;

— Determine what restrictions on further use of the item, service or process 
should be put in place;

— Arrange for a more detailed review of the non-conformance, taking into 
account the guidance in para. 308;

— Inform the regulatory body and other nuclear power plants if necessary.

LABELLING AND IDENTIFICATION

306. As soon as an item, service or process is recognized as being non-conforming 
it should be physically marked, labelled, segregated or otherwise controlled. The 
labelling and identification system should include arrangements to ensure that:
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— Marking, labelling and other information is consistent with the content of the 
non-conformance report (see para. 304);

— The inspection, test or operational status of the item, service or process is clear;
— The non-conforming status is clear, both on the item and at any remote opera

tion or indication points connected to it;
— It is clear who is authorized to change the status of an item, service or process;
— Any restrictions on the use of an item or service are identified.

SEGREGATION

307. Consideration should be given to physically segregating a non-conforming item 
or process to ensure that it is not used before any agreed and approved corrective 
action has been taken. Segregation may be achieved by removal to a secure area, plac
ing behind barriers, isolating the non-conforming item, or stopping the service or 
process, or by administrative control.

REVIEW OF NON-CONFORMANCES

308. Non-conformances should be reviewed as soon as practicable by appropriate 
personnel who should be selected by taking the following into account:

— The QA grade or classification of the affected item, service or process;
— The need for the safety implications of the non-conformance to be indepedently 

reviewed;
— The need to involve the design organization or other persons who have access 

to the original design information, including any subsequent modifications;
— The need to involve the operating organization;
— The need to involve the original supplier;
— The need to involve the regulatory body.

309. The review should determine:

(1) The cause of the identified non-conformance, which could include failures, 
malfunctions, incorrect materials, tools, equipment, procedures, information, 
training, or human error. Root cause analysis techniques should be utilized.

(2) Any safety implications of the non-conformance.
(3) The corrective actions (see Section 4) to be agreed and approved to correct the 

non-conformance and prevent repetition of similar non-conformances which 
may also include:
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— Search for other affected items,
— Reinspection or retesting,
— The amendment of any established documentation,
— Any restrictions or requirements for the corrective action implementation.

310. The results of the review should refer to the non-conformance report.

311. During the review additional information about the nature of the non-confor
mance and restrictions to be imposed on further processing or operation should be 
made available to involved organizations, including the regulatory body and other 
nuclear power plants if required.

312. Information about the non-conformance, and its implications to safety, should 
then be used to determine the impact on affected activities until the agreed and 
approved corrective action is verified as having been satisfactorily completed. The 
following are typical effects that should be considered:

— Requirements to carry out additional inspection or testing, in order to obtain 
higher levels of confidence in items,

— Restrictions on further processing of items or services during manufacture or 
construction,

— Restriction on the use of other components from the same supplier,
— Restriction on documents use,
— Restrictions on operation regimes through changes in operating limits and con

ditions or amendments to maintenance schedules,
— Stoppage of the work if it is determined that its continuation would lead to an 

unsafe condition,
— Retraining of personnel.

313. Relevant information on the status of non-conformances should be reported to 
management and the regulatory body, where required.

4. CORRECTIVE ACTIONS

DISPOSITION

401. Following review, non-conformances could be designated in one of the follow
ing ways:
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(1) R e j e c t  (also sometimes referred to as Scrap). The non-conforming item, service 
or process is not fit for the intended use. Such non-conformances should be 
marked and segregated as soon as the action is agreed and approved.

(2) R e p a i r .  The non-conforming item, when repaired (or in the case of documents 
revised) is capable of functioning in accordance with the design requirements, 
although it does not fully conform to the original design specification. 
Temporary repair should have a prescribed period of validity.

(3) R e w o r k .  The item is capable of being fully restored to the original specification 
requirements, i.e. some additional rework carried out under suitable conditions 
will correct the non-conformance.

(4) A c c e p t  w i t h  c o n d i t i o n s .  In this instance it is likely that the non-conformance 
item, service or process will be fit for use under special, specified conditions.

(5) A c c e p t  w i t h o u t  m o d i f i c a t i o n  (also sometimes referred to as Use-as-is). In this 
instance it is likely that the non-conforming item, service or process deviates 
marginally from specified requirements but is still declared fit for use.

COMPLETION OF CORRECTIVE ACTIONS

402. Corrective actions should not be considered complete until all affected docu
ments have been amended, modifications implemented and evidence of verification 
of completion obtained.

403. Management should allocate responsibilities for monitoring non-confor- 
mances, from the reporting stage to verified completion of the agreed corrective 
action, including feedback to those personnel who discovered the non-conformance.

PREVENTIVE ACTIONS

404. The purpose of preventive actions is to preclude the repetition of similar non
conformances from occuring and to improve plant safety and performance. 
Preventive actions may include, but need not be limited, to the following:

— Changes to designs, specifications, procedures, etc.
— Enforcement of the requirements of procedures, work instructions, etc.
— Modification of current procedures or issue of new procedures.
— Withdrawal of defective equipment for maintenance or calibration.
— Retraining and requalification of personnel involved.
— Improvement to the QA programme.
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405. Management should periodically analyse available information, such as non
conformance reports, audit reports, maintenance reports, operating logs, significant 
event registers, plant safety reviews, etc. This analysis should seek out trends in order 
to identify problem areas requiring root cause analysis, to confirm that appropriate 
actions have been taken to prevent repetition of the non-conformances and to enhance 
plant safety and performance. Information on incidents, events or quality related 
problems available from other nuclear power plants/organizations (operational expe
rience feedback) should be assessed in order that suitable preventive measures can be 
developed and implemented.

406. Implementation of preventive actions may proceed in stages. In such cases each 
stage should be clearly defined and specify the means of verification that assures that 
the actions have been effective. Prior to implementation, all proposed actions should 
have been agreed, documented and authorized by appropriate personnel and the reg
ulatory body if required.
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Annex I

The following text provides an example of what the requirements for each 
grade could be.

Grade 1 (highest level)
— Identify and hold non-conformances for evaluation.
— Report non-conformances to senior management and the regulatory body if 

required.
— Define the responsibilities and authority of those assigned to the disposition of 

non-conforming items, services and processes.
— Provide for a review of the non-conformance involving representatives from all 

relevant organizational units, including the assessment (or quality assurance) 
unit.

— Record each non-conformance.
— Obtain concurrence of all responsible parties for agreed corrective actions.
— Identify all non-conforming items, services or processes, mark them and place 

them in a segregated holding area when feasible.
— Ensure that reworked and repaired items are reinspected and retested according 

to the original or approved modified requirements.
— Verify that the agreed and approved corrective action has been properly 

implemented.
— Maintain records on all non-conformances, agreed corrective actions, results of 

reinspection and retests.

Grade 2
— Identify and hold non-conformances for evaluation.
— Contact those individuals assigned to the disposition of non-conforming items, 

services and processes.
— Identify and record each non-conformance and agreed and approved corrective 

action.
— Verify that the agreed and approved corrective action has been properly imple

mented.

EXAM PLES OF GRADING IN NON-CONFORMANCE CONTROL1

1 The categorization of non-conformances should be performed by experienced person
nel to the procedure appropriate to the type of non-conformance.
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Grade 3

— Identify and hold non-conformances for evaluation.
— Contact those individuals assigned to implement the agreed corrective action.
— Identify all non-conforming items.
— Release non-conformances for agreed and approved corrective actions when 

instructed.

Grade 4
— Identify and correct non-conformances as they occur.
— Record non-conformance data for trend analysis.
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Annex II

The following list of headings for a non-conformance report may be consid
ered, but it is not necessarily a full list. On the other hand, not all its headings are 
applicable for every non-conformance. Responsible management should consider 
their own activities, the stage of the nuclear power plant in which the work is being 
undertaken and the importance of any item to safety. From those considerations they 
should then develop their own reporting requirements.

Example 1

Non-conformance reporting content for items ( N o t e :  These points may be 
included in separate parts of the document.):

— Unique number
— Description of non-conformance
— Plant item and location of non-conformance
— When discovered (time/date)
— By whom discovered (name/department/organization)
— How discovered
— Immediate action taken
— To whom the report is addressed
— Reported at (time/date) ( N o t e :  Important items may be initially reported by tele

phone or radio and then confirmed in writing. Both actions should be docu
mented in the report.)

— Signature to record acceptance of the form.

The status of the item under corrective action should be recorded with respect 
to the following:

— To whom reported (name/position/organization)
— Verification of non-conformance details
— Initial assessment of implication with regard to safety
— Notification to management/other affected personnel and, as appropriate, to the 

regulatory body
— Physical marks, labels or other controls implemented on other items or systems 

potentially affected by the non-conformance
— Root cause
— Agreed corrective action

NON-CONFORMANCE REPORT —  TYPICAL CONTENT
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— Agreement of principal designer
— Restrictions to be applied during the implementation of the agreed corrective 

action and if necessary in the longer term
— Documentation requiring to be changed
— Related instructions for implementation of the agreed actions
— Verification of completion (name/date/time).

Example 2

Non-conformance reporting content for processes:

— Report No.
— Plant
— Location or installation
— Title of occurrence of non-conforming (unusual) event
— Date and time of occurrence
— Status of plant/installation
— Category of unusual event (if relevant)
— Date of prompt notification and means thereof
— Description
— Safety assessment
— Root cause
— Corrective actions
— Lessons learned
— Additional useful information for assessment
— Status of installation (power, start-up, shutdown, testing, etc., to be ticked off)
— Affected system components
— Radiological information
— Cause of occurrence
— Consequences of occurrence
— Effect on site personnel (injuries, radiation exposures)
— Conditions in installation after occurrence
— List of supporting documents annexed
— Signatures such as: prepared by, countersigned by, approved by.
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the basic require
ments of the Code on document control and records.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate programmes in each stage of a 
nuclear power plant project, and covers items, services and processes impacting 
nuclear safety. It may, with appropriate modifications, also be usefully applied at 
nuclear installations other than nuclear power plants.

STRUCTURE

105. This Safety Guide is arranged into four sections and four annexes:
Section 2 provides general considerations relating to document control and 

records including information on grading.
Section 3 describes the controls applicable to preparing and issuing documents. It

also addresses temporary instructions, external documents and 
archives.

Section 4 describes the requirements for the establishment of a records system.

BACKGROUND
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Annex II describes document and record storage facility features.
Annex III gives examples of records and their retention categories.
Annex IV provides an example of the process for allocating retention times of

records.

Annex I describes the storage media for records.

2. GENERAL CONSIDERATIONS

GENERAL

201. For each nuclear power plant, a document control system should be established 
and should provide for the preparation, review, approval, issuance, distribution, 
revision and validation (where appropriate) of documents essential to the manage
ment, performance and verification of work.

202. In the document control system the responsibilities for each participating 
organization or individual should be defined in writing.

203. The types of document include, but are not limited to, documents comprising 
the QA programme, safety requirements, maintenance and operating procedures, 
inspection instructions, inspection and test reports, assessment reports, drawings, data 
files, calculations, specifications, computer codes, purchase orders and related 
documents, vendor supplied documents and work instructions.

204. Management should identify the need for documents and should provide guid
ance to the organizations and people preparing them. The guidance should cover 
status, scope and contents and the policies, standards and codes which apply. It should 
also explain the need for feedback of experience. Plant modification or the results of 
assessments could also give rise to the need for a new document.

GRADING

205. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach, based on the relative importance to nuclear safety of each item, service or
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process, shall be used. The graded approach shall reflect a planned and recognize 
difference in the applications of specific QA requirements.

206. Aspects of document control and records management that could be graded 
include:

— The need to apply controls to the preparation of documents and records,
— The need and extent of validation,
— The degree of review and the persons involved,
— The level of approval,
— The need for distribution lists,
— The types of document which can be supplemented by temporary documents,
— The need to archive superseded documents,
— The need to categorize, register, index, retrieve and store document records,
— The retention time of records,
— The responsibilities for the disposal of records,
— The types of storage media.

For further guidance on grading see Safety Guide Ql.

3. DOCUM ENT CONTROL

PREPARATION OF DOCUMENTS

301. When documents are in their preparatory phase, they should be marked and 
controlled so that their draft status clearly distinguishes them from issued 
documents.

302. An appropriate document identification system should be established. Each 
document should be uniquely identified.

303. Standard forms should be identified and controlled, whether these stand alone 
or are part of another document.

304. The need for traceability of a document to related hardware or software should 
be determined.

305. During preparation, activities described by the documents should be assessed 
using the grading system, so that the appropriate controls are chosen and included.
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REVIEW OF DOCUMENTS AND CONFIRMATION OF ACCEPTABILITY

306. Documents shall be reviewed before issue. The review should comprise a criti
cal examination of the adequacy of and the need for the document, against prescribed 
requirements, guidelines and relevant modifications taking into account the safety 
significance of the document

307. The document review system should identify the organizations or individuals 
responsible for reviewing the documents.

308. The reviewing organization or individuals shall have access to the relevant 
information upon which to base an effective review and to ensure that safety consid
erations are adequately addressed.

309. The reviewing organization or individuals shall be competent in the specific 
topic they are being asked to review.

310. A record of review shall be prepared showing the date of the review, the review
ers) and the outcome.

311. One aspect of review involves validating the implementation of the document 
through simulation, mock-up, walk-throughs or the like. This validating process is 
usually applied to significant working level instructions and procedures.

APPROVAL OF DOCUMENTS

312. Documents shall be approved according to a prescribed method before they are 
issued for use. The responsibilities for approval should be clearly defined by 
management.

313. Where acceptance by, or approval of, a regulatory body (see Safety Series 
No. 50-C-G (Rev. 1)) is required, this should be obtained before the document is 
issued for use.

ISSUE AND DISTRIBUTION OF DOCUMENTS

314. A document issue and distribution system should be established, utilizing up to 
date distribution lists. Those participating in an activity shall be aware of, have access 
to, and use the documents which have been approved for performing the
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activity. The system shall ensure that changes to documents are relayed to all 
affected persons and organizations. Copies subject to revision update (controlled 
copies) should be identifiable.

315. The issued documents should be marked so that their use becomes clear, 
especially if their use is restricted to a certain purpose. Examples of marking include 
the indication that the document is approved for use in engineering procurement, 
manufacturing, construction or operation.

316. The system for storing and issuing documents should be secure.

317. To preclude the use of non-applicable documents and to ensure control of 
current documents, the distributor may employ a written acknowledgement system. 
This would require the recipient to indicate receipt of the document and to return or 
dispose of the previous issue.

318. Master copies of documents should be retained until they are superseded or 
withdrawn. The need to archive master copies of documents should be considered.

319. Uncontrolled copies of documents may be supplied, provided they clearly 
indicate they are not subject to document revision. In these circumstances it is the 
responsibility of those using the information contained in the documents to check 
before use that they are still current.

TEMPORARY DOCUMENTS

320. Under certain circumstances, a temporary document may be required to cover 
an activity for a limited period. This will be necessary when an immediate amend
ment to an existing document cannot be justified.

321. Temporary documents should be subject to the same controls as permanent 
documents. Temporary documents should have a defined period of validity. When this 
period expires the document should be withdrawn or integrated into an appropriate 
document or the temporary period of validity should be renewed.

DOCUMENT MODIFICATION CONTROL

322. Modifications to documents shall be subject to the same level of review and 
approval as the originals.
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323. A modification to one document may affect other documents. Affected 
documents should be revised accordingly.

324. Where practicable, modifications to documents should be highlighted in the 
documents by the use of sidelining or other suitable means.

SUSPENSION OR CANCELLATION OF A DOCUMENT

325. When a document is to be suspended or cancelled, it should be removed from 
use.

326. Suspension and cancellation notices should uniquely identify the reference and 
issue numbers of the document to which they apply and give their effective date of 
application and reasons for suspension/cancellation. In the case of suspension notices, 
the duration of suspension should also be provided.

327. Suspensions and cancellation notices should be distributed to all controlled 
copy holders, to preclude the use of suspended or cancelled documents.

DOCUMENTS EXTERNAL TO THE RESPONSIBLE ORGANIZATION

328. A registration system should be established and maintained to record and 
control the receipt and amendment of documents which are generated and controlled 
externally.

329. The system should, as a minimum, register the receipt date of the document, its 
reference number, title, date of issue and/or issue status and the person or persons to 
whom it was passed for distribution or, if appropriate, assessment.

330. Documents from external sources should be reviewed to ensure their suitabili
ty before acceptance and use.

DOCUMENT ARCHIVES

331. When documents which were subjected to the formal issue process are 
withdrawn from use, the master copies should be archived as records, following the 
guidance of Section 4.
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332. An appropriate storage system should be established and maintained (see 
Annexes I, II).

4. ESTABLISHMENT OF A RECORDS SYSTEM

GENERAL

401. An appropriate records system shall be established and implemented by the 
responsible organization. The records system should ensure that records are specified, 
prepared, authenticated and maintained, as required by applicable codes, standards 
and specifications. Examples are: records of siting, design, construction, commis
sioning, operation and decommissioning. The records should include: the results of 
inspections, tests, reviews, assessments, monitoring of work performance and 
material analysis; test materials and specimens; plant operation logs and related data 
such as training and qualifications and other appropriate data.

402. The responsibilities for maintaining and operating the records system should be 
clearly defined and documented.

403. The records system should ensure that records are:
— categorized;
— registered upon receipt;
— readily retrievable;
— indexed and placed in their proper location within the record facility files with 

the retention time clearly identified;
— stored in a controlled environment;
— corrected or supplemented to reflect the actual plant status.

CATEGORIZATION OF RECORDS

404. Records should be categorized as permanent or non-permanent according to 
their importance to safety. An example of a system used for categorization is 
provided in Annex III.

405. Records which meet one or more of the following might be considered as 
permanent:
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— Recording the as-manufactured condition of items accepted for use in the 
installation;

— Recording the as-built condition of the installation;
— Providing evidence that the nuclear installation has been tested and commis

sioned in accordance with the design intent;
— Providing required baseline data for in-service inspection;
— Demonstrating capability for safe operation;
— Demonstrating that staff are competent to perform their work;
— Demonstrating that the plant is being operated, tested and inspected in 

accordance with design requirements and approved instructions;
— Demonstrating that the plant is being maintained in accordance with design 

requirements and the approved maintenance programme and instructions;
— Confirming design reliability assessment by plant performance history,
— Demonstrating compliance with statutory and regulatory requirements;
— Providing information for maintenance, rework, repair, replacement or 

modification of an item;
— Demonstrating that the quality of originally installed or replacement items 

meets the specified requirements;
— Providing information for decommissioning;
— Recording the investigation of an accident, malfunction or non-conformance.

406. Records such as QA programme documentation, procedures and assessment 
reports should be considered as non-permanent.

RECORDS ADMINISTRATION

407. The applicable design specifications, procurement documents, construction 
procedures, test procedures, operational procedures or other documents should 
specify the records to be generated by, supplied to, or held for the responsible 
organization. Such records should be considered valid only if dated, stamped, 
initialled, signed or otherwise authenticated by authorized personnel. They may be 
originals or reproduced copies. The copying of records from one medium to another 
may result in the records not being legally admissible. The records system should 
therefore ensure that records are kept in the appropriate medium and that copying to 
maintain image quality during the storage time is adequately controlled. All records 
should be legible, complete, identifiable to the item, service or process involved and 
made of appropriate material to resist deterioration for the required retention 
time.

408. Records should be listed in an index which indicates:
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— The title or unique identification of the record and the item, service or process 
it is related to

— The organization or person generating the record
—  The retention time of the record
— The location of the record in the storage location
— Revision dates and the persons approving the revisions.

The method of indexing should be established before receipt of the record. The index 
should provide sufficient information to identify both the item and the relevant record.

409. The responsible organization should specify retention times for all records. 
Annex IV describes a process for the allocation of retention times.

410. Guidance is given in Annex I on the choice of storage media for the different 
record retention times.

411. When records are to be corrected or supplemented, the organization originating 
the records should review the correction for approval. When this is not possible, 
another authorized person or organization should be assigned.

412. The correction or supplement should include the date and the identification of 
the person making the correction or supplement.

RECEIPT OF RECORDS

413. Management should ensure that records are available at the required time and 
should prepare a plan to cover the receipt of records .

414. The receipt control of records should ensure that the records are complete, 
legible and in a form suitable for storage.

RETRIEVAL AND ACCESSIBILITY

415. Records shall be indexed, filed, stored and maintained in facilities which allow 
retrieval when required.

416. At all times during the specified retention time, the records should be 
accessible. Access to retention locations should be controlled.
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417. Consideration should be given to the off-site storage and/or access to docu
ments that would be required in emergency conditions.

STORAGE REQUIREMENTS

418. The responsible organization should establish storage and location require
ments for the maintenance, preservation and protection of records and associated test 
materials and specimens from the time of receipt until their disposal. A record stor
age system should include the following:

— Description of the document or record storage facility. Examples of storage 
facilities are given in Annex II;

— Description of the filing system to be used;
— A method for verifying that the records received are in agreement with the 

transmittal document and that the records are in good condition;
— A method for verifying that the records agree with the records index;
— Rules governing access to, and control of, the files;
— A method for maintaining control of and accountability for records removed 

from the storage facility;
— A method for filing corrected or supplemental information and voiding or 

disposing of records that have been superseded;
— Periodic checking to ensure that the records are not damaged, deteriorating or 

missing.

419. Continued ability to read the data must be assured, taking into account any 
technological changes that may occur.

420. Records shall be stored in such a manner as to prevent deterioration. Examples 
of storage methods for different storage media are given in Annex II.

421. Paper records should be firmly attached in binders, or placed in folders or 
envelopes for storage on shelves or in containers. Steel file cabinets or safes are 
preferred.

422. Records which are processed by special methods should be packaged and 
stored as recommended by the manufacturers’ instructions, in line with applicable 
standards. Examples are: radiographs, photographs, microfilm, magnetic tapes, 
microdiskettes, laser discs and those records which might be sensitive to light, pres
sure, humidity, magnetic fields, dust and temperature. Special requirements for the 
packaging and storage of test materials and specimens should be taken into account.
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423. Record storage facilities should protect the contents from possible damage or 
destruction by such causes as fire, flooding, insects and rodents and from possible 
deterioration by adverse environmental conditions such as light, temperature and 
humidity.

424. Amongst others, the following features should be considered in the construc
tion of a storage facility:

— Location and security
— Type of construction, including structural features and internal surface 

treatment
— Pipework layout and drainage
— Ventilation, temperature and humidity control 
— Fire prevention, detection and fighting
— Electromagnetic protection.

Where it is not practicable to provide suitable storage conditions, consideration 
should be given to the provision of a duplicate set of records stored in a separate facil
ity. In that case, the location and construction features of both facilities should be such 
that the probability of simultaneous destruction, loss or deterioration of records is suf
ficiently low.

DISPOSAL

425 The responsible organization should identify who is responsible for transferring 
or disposing of records.

426. Upon transfer of the records, the responsible organization or its designee should 
acknowledge their receipt and process them. Access to records accumulated at loca
tions not under the control of the responsible organization should be agreed.

427. Records categorized in accordance with paras 404-406 should be retained for 
the minimum period specified by the responsible organization. After this period these 
records may be disposed of by, or with the agreement of, the responsible organization.
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Annex I

STORAGE MEDIA FOR RECORDS

Examples of media which may be used to store records are:

— Paper with an acidity level of pH between 6 and 9
— 35 mm roll film
— Silver-gelatin type microfilm or X ray film
— Microfiche
— Magnetic tape or disc
— Optical laser disc
— Hardware such as graphite samples, weld samples or other materials which 

have been or are able to be subjected to qualification testing
— Electronic firmware (computer or component) such as thermal luminescent 

dosimeters (short term only).

Records that require special processing and control, such as computer codes 
and software and information stored on high density media or optical disks, should be 
maintained and controlled to ensure they are readily retrievable and usable.

RECORD STORAGE MEDIA AND THEIR RECOMMENDED RETENTION 
TIME

The following media are considered to be acceptable for records with retention 
periods of up to 30 years:

— Hard paper copy retained in a controlled environment with an indexing system 
to allow retrieval in a reasonable time, for example, one working day;

— Microfilm or other microforms prepared appropriately and stored in adequate 
conditions;

— Punched paper tape or cards where the information is stored as physical arti
facts on a paper/card medium. The storage should be in equivalent environ
mental conditions to hard paper copy;

— Magnetic media stored and maintained appropriately, such as disc packs, 
storage modules, disk cartridges and magnetic tape on open spool.

The following media are considered to be acceptable for records with retention 
times of up to five years:
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— Any of those media with retention times of up to 30 years, plus optical discs. 
Records using optical disc media may be held for periods beyond five years 
provided that periodic checks are made to check for any deterioration in image 
quality. The record should be copied onto a new optical disc if any deteriora
tion of image quality is found. This may be before the manufacturer’s certified 
lifetime of the original disc is exceeded.

The following media are considered to be acceptable for records with retention 
times of up to three years:

— Any of those media with retention times of five years or 30 years, plus flexible 
disk cartridges (floppy disks) and magnetic tape cartridges stored and main
tained appropriately.

The preparation and storage requirements for the different media should reflect 
the manufacturer’s guidance.
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Annex II

DOCUMENT AND RECORD STORAGE FACILITIES

All quality documents and records should be securely stored and maintained in 
such a way that they are readily retrievable in facilities that provide a suitable envi
ronment to minimize deterioration or damage and to prevent loss.

The type of storage facilities required depends on factors such as the records 
media, environmental conditions (including insect or fungal infestation), safety 
significance (duplication of copies in diverse locations), duration of retention, 
security, and both active and inactive records.

Records should be retained in facilities appropriate to the media. Care should 
be taken to ensure that record media requiring different storage environments are not 
stored in the same area. In particular, cellulose nitrate film should be stored in a 
separate facility.

Unsuitable environments can cause more damage to records than any other 
single factor. A dry or polluted atmosphere may lead to embrittlement of documents; 
dampness and poor ventilation may cause the growth of mould; excess heat may 
accelerate chemical damage. All three conditions can lead to irreparable damage to 
records. Careful control and observation of temperature, humidity and ventilation 
within the records facility is therefore essential. In general, low temperatures with 
adequate air movement are preferable.

Fire precautions, including limitations on the distance to travel to reach means 
of escape and the physical dimensions of the storage facility, are the subject of nation
al legislation and local by-laws. The fire precautions adopted, however, should be 
designed to protect the contents and structure of the facility from damage caused by 
fire fighting operations, as well as to ensure the safety of staff and limit the fire to its 
source. The possibility of fires or explosions in adjacent facilities and the proposed 
type of fire fighting chemicals to be employed to counter such events should be taken 
into account when the facility is chosen.

Loose material should not be permitted and smoking should be prohibited at all 
times in the storage facility.

Precautions should be taken during the storage and handling of records to avoid 
fingermarks, dust or scratching on microfilm records (by the provision of suitable 
hand covering), unnecessary bending or cracking of paper (by the suitable position
ing on adequately designed shelving) and failure of components due to static dis
charge (by the provision of static handling precautions).

Records entering the record archive facility should be registered. To protect the 
integrity of the records, the facility should be secure, and wherever possible copies of
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archived records should be used for reference purposes rather than permitting the 
removal of the master record.

MICROFILM STORAGE FACILITIES FOR UP TO TEN YEARS

The following storage conditions are considered suitable for the storage of 
microfilm records for a time not longer than that sufficient for general business 
purposes. Such a time might be ten years, but could vary depending on specific 
conditions.

Relative humidity and temperature requirements for the storage of microfilm

The relative humidity of the storage facility should not exceed 60% and the 
temperature should not rise above 25°C. Rapid changes of humidity and temperature 
should be avoided.

Protection of microfilms against fire and water

Microfilms using safety film are difficult to ignite and combustion speed is low. 
To provide effective protection of microfilms against fire, as much attention should 
be paid to the presence of steam as to high temperatures. The protection available in 
a given room should take into consideration conditions special to that room and also 
the following general conditions.

Microfilm stored at 40% relative humidity can withstand a dry heat of 120°C 
for a time of 24 h without appreciable loss of legibility and printability. At a dry heat 
of 150°C some distortion may take place after 6 h but individual microfilms of texts 
or figures are still printable. The action of dry heat of 180°C for at least 6 h causes 
deformation of microfilms and reproduction generally becomes impossible.

In the presence of water vapour, temperatures of 90-110°C produce serious 
distortions and cause adhesion of coils or surfaces in contact; prolonged action or 
condensation will make the emulsion melt. Fireproof cabinets and safes thermally 
insulated by water vapour production are therefore not suitable for storing micro
copies unless they have an inner moisture-proof chamber or the films are placed 
inside suitably sealed airtight containers. To obtain complete protection from fire, 
safes or cabinets should be placed in premises which are themselves fireproof. 
Microfilms should be protected from the action of water resulting from leaks, fire 
sprinklers or flooding, by being stored above basement levels on shelves at least 
150 mm from the ground. If films are immersed in water, allowing them to dry, even 
partially, will cause the layers to stick together. The films should be placed in water 
filled containers until they can be washed and dried properly.
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Chemical contamination

Various noxious emanations can cause slow deterioration and a gradual fading 
of the image on film. Danger is presented by peroxides which may originate from 
bleaching agents, glues, varnishes and other products used in manufacturing storage 
cabinets for film containers. Hydrogen sulphide, ozone, sulphur dioxide, sulphur 
trioxide, ammonia and oxides of nitrogen are the most common, but not the only, 
atmospheric gases which harm film. Such fumes should be eliminated or an alterna
tive store found.

Chemical products in the immediate vicinity of the films may also cause the 
presence of other impurities in the atmosphere. If dust and liquid particles suspended 
in the air are deposited on the microfilm they may impair its legibility and cause per
manent scratching. Microcopies on silver image film should be kept neither with 
other photographic records which do not conform to these recommendations, nor 
with those films explicitly excluded, such as microfilm on a nitrate film base. Cross
contamination between microcopies can occur by the transfer of free thiosulphate to 
sodium (or ammonium) thiosulphate free film if they are stored with the emulsion 
sides in contact. Radiographs and other photographic media should be stored in 
chemically benign envelopes. Multiple films stored in envelopes should be separated 
by benign sleeves or separators.

ADDITIONAL RECOMMENDATIONS FOR ARCHIVAL OF MICROFILMS IN 
EXCESS OF TEN YEARS

Air purification

Air should be filtered to remove dust, purified of noxious gases and circulated 
by means of forced draught.

R e l a t i v e  h u m i d i t y

If sealed airtight containers are not used, the air in the archival storage facility 
should be conditioned to maintain the relative humidity at a level between 20 and 
40%. If air conditioning is used, dehumidifiers using calcium chloride or other chem
ical desiccants should not be used. An electrical dehumidifier is recommended. If 
dehumidifiers are used, they should be of a type that does not produce rapid changes 
in the relative humidity.
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Temperature of the archival premises

The temperature in the archival storage area should be maintained between 15 
and 25°C, but preferably should not exceed 20°C. If film which has been stored at a 
low temperature is handled in a room where the temperature or relative humidity is 
comparatively high, condensation will occur on the cold film surfaces. In these cir
cumstances the film should not be removed from its closed container or the place 
where it is stored until the storage temperature has been brought up to the approxi
mate temperature of the room where the film is to be handled.

Containers

The following two types of container are recommended:
(1) The closed non-airtight container.
(2) The sealed airtight container.

If the recommendations for relative humidity and temperature of the archives 
are observed, containers for storage of microfilm can be of the closed non-airtight 
type. Sealed airtight containers should be used if there are no other means of protec
tion against the danger of an ambient atmosphere of which the relative humidity or 
temperature goes beyond the limits recommended in this annex or which contains 
chemical impurities or dust. The containers used should be made from materials 
meeting the requirements below. These containers may be placed in boxes of paper or 
board, but such boxes should not be used alone.

General precautions for the long term protection of microfilm records

The use of non-corroding materials for containers is recommended but what
ever the materials used for the containers, their corrosion resistance coating and their 
airtight seals should not melt, ignite, decompose, develop fumes, distort or be sub
ject to excessive dimensional changes when subjected to a temperature of 150°C 
for 4 h.

Care should be taken to avoid the deterioration or damage which may result 
from the rust, rubber joints, rubber bands and gum on certain types of envelope, and 
of lignin and other peroxide forming substances contained in certain wooden 
materials.

Microcopies stored in roll form may be mounted either on reels or on cores. 
Rolls more than 30 mm long wound on cores should be laid flat unless the core itself 
is carried on a horizontal spindle which prevents the lower part of the film from 
supporting the load of the core and its contents.
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ADDITIONAL PRECAUTIONS FOR SEALED AIRTIGHT FILM CONTAINERS

Fire

The container should be of a type which will prevent steam reaching the film in 
the event of fire. Containers with a high resistance to corrosion are recommended. 
The container and its airtight seal should withstand an excess pressure inside the 
container of 70 kPa without rupture of the seal or other injurious effects.

Relative humidity

The relative humidity inside a sealed airtight container should be within 20 to 
40% at the storage temperature. Relative humidity exceeding 60% encourages the 
formation of mould which, in time, can completely destroy the image. Below 15% the 
film tends to curl and become more brittle as the relative humidity decreases.

STORAGE FACILITIES FOR PAPER

Relative humidity and temperature requirements for the storage of paper

The relative humidity of the storage facility for paper should be within the 
range 55 to 65% and the temperature should be within the range 13 to 18°C. However, 
if the paper is in bound volumes and is little used, it may be stored at a relative humid
ity of 40%.

STORAGE FACILITIES FOR MAGNETIC TAPE OR DISC — OPTICAL LASER 
DISC — HARDWARE — ELECTRONIC FIRMWARE

Magnetic tapes or discs, optical laser discs, electronic firmware and general 
hardware records should be archived in accordance with the manufacturer’s require
ments or the component media. The retention requirements should be consistent with 
the life expectancy of the media and should provide for rejuvenation and backup.
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Annex III

EXAM PLES OF RECORDS AND TH EIR RETENTION CATEGORIES

This annex indicates examples of types and retention categories of records of 
safety related items and activities. It is recognized that the nomenclature and type of 
records may vary from organization to organization and alternative categories may be 
chosen at the discretion of the responsible organization. In general, procedures are 
classified as non-permanent and results are classified as permanent, on the basis that 
the recorded results can be interpreted without recourse to the procedures. However, 
where interpretation of the results depends on a knowledge of the procedure, both 
should be classified as permanent.

Retention times should be standardized to the following:

(a) greater than 30 years (permanent)
(b) 30 years (permanent)
(c) 5 years (non-permanent)
(d) 3 years (non-permanent)

TYPE OF RECORD

1. Design records Permanent Non-permanent

As-constructed drawing *
Codes and standards in design *
Design calculations and records of checks *
Design change requests *
Design deviations *
Design drawings *
Design procedures and manuals *
Design reports *
Design review reports *
Drawing control procedures *
Purchase and design specifications

and amendments *
QA audit reports *
Reports of engineering surveillance

of field activity *
Safety analysis report *
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Stress reports *
System descriptions *
Systems process and instrumentation diagrams *
Technical analysis, evaluations and reports *

2. Procurement records

Procurement procedures
Procurement specification *
Purchaser order including amendments
Purchaser’s pre-awarded QA survey
QA audit reports
Receiving records
Supplier’s QA programme manual

3. Manufacturing records

As-built drawings *
Certificate of inspection and test 

personnel qualification 
Certificates of compliance *
Cleaning procedures
Code data reports *
Eddy current examination procedure 
Eddy current examination

final results *
Electronic control verification test results 
Ferrite test procedure
Ferrite test results *
Forming and bending procedure qualifications 
Heat treatment procedures
Heat treatment records *
Hot bending procedure
Measuring and test instrumentation and tooling 

calibration procedures and records 
Liquid penetrant examination procedure 
Liquid penetrant examination final results *
Location of weld filler material *
Magnetic particle examination procedure

Permanent Non-permanent

*

*
*
*
*
*

*

*

*

*
*

*
*

*

*
*

*
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Magnetic particle examination final results *
Major defect repair records *
Material properties records *
Non-conformance reports *
Packaging, receiving, storage procedures 
Performance test procedure and test result records *
Pipe and fitting location report *
Pressure test procedure
Pressure test results *
Product equipment calibration procedure 
Product equipment calibration records 
QA audit reports
QA manuals, procedures and instructions 
Radiographic procedures
Radiographic review forms and radiographs *
Ultrasonic examination procedures
Ultrasonic examination final results *
Welding materials control procedures
Welding personnel qualification
Welding procedure qualification and data reports
Work processing and sequencing documens

4. Installation/construction records

4 . 1 .  R e c e i v i n g  a n d  s t o r a g e

Inspection reports for stored items 
Non-conformance reports *
Receiving inspection reports on items 
Receiving, storage and inspection procedures 
Storage inventory and insurance records 
Vendor QA releases

4 . 2 .  C i v i l

Aggregate test reports 
Batch plant operation reports 
Cement grab sample reports
Check-off sheets for tendon installation *

Permanent Non-permanent

*

*

*
*
*
*
*

*

*
*
*
*

*

*
*
*
*

*
*
*
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Permanent Non-permanent

Concrete cylinder test reports and charts 
Concrete design mix reports 
Concrete placement records 
Inspection reports for channel pressure tests 
Material property reports on

containment liner and accessories 
Material property reports on metal containment 

shell and accessories 
Material property reports on reinforcing steel 
Material property reports on reinforcing steel 

splice sleeve material 
Material property reports on steel 

embedments in concrete 
Material property reports on steel piling 
Material property reports on structural steel 

and bolting 
Material property reports on tendon 

fabrication material 
Mix water analysis 
Pile drive log 
Pile loading test reports
Procedure for containment vessel pressure proof 

test and leak rate tests and results 
Reinforcing steel splice 
Operator qualification reports 
Release to place concrete 
Reports for periodic tendon inspection 
Reports of high strength 
Bolt torque testing 
Slump test results 
Soil compaction test reports 
User’s tensile test reports on reinforcing steel 
User’s tensile test reports on 

reinforcing steel splices

4 . 3 .  W e l d i n g

Ferrite test procedures 
Ferrite test results
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Heat treatment procedures
Heat treatment records *
Liquid penetrant test procedures
Liquid penetrant test final results *
Magnetic particle test procedures
Magnetic particle test final results *
Major weld repair procedures and results *
Radiographic test procedures
Radiographic test final results *
Ultrasonic test procedures
Ultrasonic test final results
Weld fit-up reports
Weld location diagrams
Weld procedures *
Weld procedures qualifications and results 
Welding filler metal material reports *
Welding materials control procedures 
Welding personnel qualifications

4 . 4 .  M e c h a n i c a l

Chemical composition user’s test
(grab samples) for thermal insulation 

Chemical tests of water used for 
mixing insulation cement 

Cleaning procedures and results 
Code data reports *
Construction lifting and handling equipment test

procedures, inspection and test data *
Data sheets or logs on equipment, 

installation, inspection and alignment 
Documentation of systems check-off 

(logs or data sheets)
Erection procedures for mechanical components *
Hydro-test procedures and results *
Installed lifting and handling equipment procedures, 

inspection and test data *
Lubrication procedures *
Lubrication records

Permanent

*

*

*

*

*
*
*
*

*

*
*

Non-permanent

*

*
*

*

*
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Permanent Non-permanent

Material property records
Material property test reports for thermal insulation
Pipe and fitting location reports
Pipe and fittings material property reports
Pipe hanger and restraint data
Safety valve response test procedures
Safety valve response test results

4 . 5 .  E l e c t r i c a l  a n d  i n s t r u m e n t a t i o n  a n d  c o n t r o l

Cable pulling procedures *
Cable separation checklists *
Cable splicing procedures *
Cable terminating procedures *
Certified cable test reports *
Documentation of testing performed after installation

and before system conditional acceptance *
Field workmanship checklist or equivalent logs *
Instrument calibration results *
Relay test procedures and results *
Reports of pre-installation tests *
Voltage breakdown tests on liquid insulation *

4 . 6 .  G e n e r a l

As-built drawings *
Calibration of measuring and test equipment and

instruments procedures and reports *
Certificate of inspection and test 

personnel qualification 
Field audit reports *
Field QA manuals *
Final inspection reports and releases *
Non-conformance reports *
Special tool calibration records *
Specification and drawings *

*
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Permanent Non-permanent

Automatic emergency power source transfer 
procedures and results 

Instrument AC systems inverters 
test procedures and reports 

Main and auxiliary power transformer 
test procedures and results 

Off-site power source energizing 
procedures and test reports 

On-site emergency power source energizing 
procedures and test reports 

Plant load ramp change data 
Plant load step change data 
Power transmission substation test 

procedure and results 
Pre-operational test procedure and results 
Primary and secondary auxiliary 

power test procedure and results 
Reactor protection system tests and results 
Startup logs
Startup problems and resolutions 
Startup test procedures and results 
Station battery and DC power distribution 

test procedures and reports 
System lubricating oil flushing procedures 
Water chemistry reports

5. Pre-operational and startup test records
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Annex IV

A TYPICAL PROCESS FOR ALLOCATING RETENTION TIMES
OF RECORDS
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TABLE IV.I. RETENTION PURPOSES OF QUALITY RECORDS

Retention purpose Subjected records

To demonstrate capability for safe Necessary quality records at each stage of
operation at nuclear power plant construction and operation of nuclear 

power plant. For endorsing licences, permits 
and operation/maintenance. When required 
to report, certify, explain and audit/review 
safe operation by requirement of law, regu
lation and others.

To enable routine patrols/checks, Necessary quality records during operation
periodic inspection and repair of stage of nuclear power plant, for routine
an item patrols/checks, periodic inspection and 

repair (including replacement) that maintain 
safety and stable supplies of electric power 
and prevent malfunction.

To enable modification of an item Necessary quality records during operation 
stage of nuclear power plant, for modifica
tions which achieve functional improve
ment of power plant, reflect past experience 
and preclude recurrence of malfunction.

To determine the cause of an item’s Necessary quality records during operation
malfunction stage of nuclear power plant, to resolve the 

cause of a malfunction and dispose of it.

To provide required baseline data Necessary quality records during opera
for in-service inspections tion stage of nuclear power plant to evaluate 

degeneration of components.

To demonstrate the accomplishment of Additional quality records from those iden
QA requirements tified above at each stage of construction or 

operation of nuclear power plant, to prove 
that the QA activities have been performed 
as planned and the requirements have been 
accomplished. These records may support 
or endorse information contained in reports 
on the areas covered above.
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TABLE IV.II. RETENTION TIME OF NON-PERMANENT RECORDS

Classification Retention time Remarks

Up to start of 
operation

Up to start of commercial operation (if in operation 
stage, up to start of operation after completing 
periodic inspection)

Up to completion of 
first periodic 
inspection

(1) Completion of first periodic inspection 
of component. In cases such as turbines for 
which partial periodic inspection is applied, 
or those with long intervals for inspection, up 
to start of operation after completing first major 
periodic inspection.
(2) In operation stages, (1) above is applied at the 
start of operation after completion of periodic 
inspection as a starting point.

Up to expiry of 
guarantee

Period guaranteed by contract

D Up to completion of
in-service inspection 
cycle

Inspection period specified in inspection 
programme

Up to period specified by 
law/regulation
Others (specific periods) (1) Revision: up to next revision

(2) Renewal: up to next renewal

(3) Calibration/check: up to completion of

next calibration/check

(4) Audit: up to next audit

(5) Work: up to completion of

next work

(6) Others: periods specified by

each organization
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment on basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the basic require
ment of the Code on inspection and testing for acceptance.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate programmes in each stage of a 
nuclear power plant project, and covers items, services and processes impacting 
nuclear safety. It may, with appropriate modifications, also be usefully applied at 
nuclear installations other than nuclear power plants.

STRUCTURE
105. This Safety Guide is arranged into five sections:
Section 2 describes general considerations on procedures and instructions, grading, 

training and qualification, and non-conformance control and corrective 
actions.

Section 3 describes generic features of inspection and testing.
Section 4 focuses on the relevance of inspection and testing in procurement, includ

ing the acceptance of items or services from suppliers.

BACKGROUND
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Section 5 is concerned with inspection and testing at the nuclear power plant both 
before and during operation.

2. GENERAL CONSIDERATIONS

PROCEDURES AND INSTRUCTIONS

201. Inspection and testing procedures and instructions should be developed with 
particular attention being paid to acceptance criteria, methods to be used, equipment 
requirements, record requirements and independent verification requirements. For 
further guidance on procedures and instructions see Safety Guide Ql.

GRADING

202. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized dif
ference in the applications of specific QA inspection and testing requirements.

203. Inspection and testing activities that can be graded include the following:
— The need to verify inspection and testing activities,
— The training and qualification of personnel carrying out inspection and testing,
— The need for inspection and testing plans,
— The level and detail of information in inspection and testing procedures,
— The responsibilities for review and approval of inspection and testing 

documentation,
— The review of non-conformances,
— The requirements for record production and retention.

For further guidance on grading see Safety Guide Ql.

TRAINING AND QUALIFICATION

204. Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and so they understand the safety consequences of their activities.
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205. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work.

206 The training for inspection and testing personnel should include on-the-job par
ticipation and should emphasize inspection and testing experience.

207. Where certification of qualification and requalification is required, it should be 
in writing and in an appropriate format. For further guidance on training see Safety 
Guide Ql.

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

208. If inspection and testing have not been performed as required or have indicated 
that a feature or characteristic does not conform to specified requirements, this is con
sidered as a non-conformance. For further guidance on non-conformance control and 
corrective actions see Safety Guide Q2.

3. INSPECTION AND TESTING

INSPECTION AND TESTING STAGES

301. Inspection and testing, whether performed by the responsible organization or 
by a supplier, take place at three identifiable stages. These are:
(1) Receiving inspection and testing, prior to commencement of work.
(2) In-process inspection/monitoring, during performance of the work.
(3) Final inspection and acceptance testing, upon completion of the work.

Receiving inspection and testing

302. Items and services, including input material to be processed, should not be 
used, nor processing commenced, until they have been checked for conformance to 
specified requirements. Such checks should be in accordance with inspection and 
testing plans or procedures. Receiving inspection and/or testing activities should be 
carried out in conjunction with a review of the corresponding documents.
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In-process inspection/monitoring

303. Items and services should be identified, inspected and tested as required by the 
inspection and testing plan or procedures as the work proceeds.

304. The items and services should be checked for conformance by appropriate 
process monitoring and control methods.

305. Arrangements should be established to hold the item or stop further work until 
the required inspections and tests have been completed and the corresponding reports 
have been received and verified by designated personnel.

306. It may be necessary to validate each stage of a process in order to confirm its 
capability.

307. Appropriate statistical techniques may be used for sampling or for determining 
process capability. These techniques should be based on well established principles.

Final inspection and testing for acceptance

308. Final inspection and testing for acceptance should require confirmation that all 
previous inspections and tests have been carried out and that specified requirements 
have been met.

309. In accordance with the inspection and testing plan, final inspection and testing 
should prove conformance of the finished item to the specified requirements.

310. Items and services should not be dispatched or brought into service until all the 
activities specified in the inspection and testing plan have been satisfactorily com
pleted. The associated documents and records should be available and approved as 
specified.

INSPECTION AND TESTING PLANS

311. An inspection and testing plan should be prepared and used in order to control 
verification activities and provide a record of their satisfactory execution.

312. Inspection and testing plans should identify the sequential inspection and test
ing elements necessary to demonstrate conformance with requirements, the means by 
which they are to be verified and the relevant acceptance criteria.
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313. The following information should be included in an inspection and testing plan:
— General information such as the facility name, item or system reference, pro

curement document reference, document reference number and status, associ
ated procedures and drawings;

— A sequential listing of all inspection and testing activities; all items and services 
to be inspected and tested should be identified and referenced in the plan;

— The procedure, work instruction, specification or standard (or specific section, 
if appropriate) which should be followed in respect of each operation, inspec
tion or test;

— Reference to relevant acceptance criteria;
— The identification of who is to perform each inspection and test, and provision 

for recording that each has been performed satisfactorily;
— The identification of hold points beyond which work should not proceed with

out recorded approval of designated individuals or organizations;
— Requirements for independent inspection and testing or independent witnessing 

at hoid points;
— The type of records to be prepared for each inspection or test;
— The number of items and services to be inspected or tested when multiple items 

or repeat operations are involved;
— The persons or organizations having authority for final acceptance.

MEASURING AND TEST EQUIPMENT

314. Tools, gauges, instruments and other measuring and test equipment (including 
test software and devices) used in determining item status and verifying the accept
ability of items and services shall be of the proper range, type, accuracy and preci
sion.

315. The selection, identification, use, calibration requirements and calibration fre
quency of all measuring and test equipment used for the determination of item quality 
or operational status should be specified. The responsibility for measuring and test 
equipment controls should be defined. Arrangements should include:

— Identification of the measurements to be made, the accuracy required and the 
selection of the appropriate measuring and test equipment;

— Identification, calibration and adjustment of all measuring and test equipment 
and devices that can affect item quality at prescribed intervals, or prior to use, 
against certified equipment having a known and valid relationship to national
ly or internationally recognized standards. If such standards do not exist, the 
basis used for calibration should be documented;
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— Establishment, documentation and maintenance of calibration procedures 
which include details of equipment type, unique identification number, loca
tion, frequency of checks, check method, acceptance criteria and the action to 
be taken when results are unsatisfactory;

— Ensuring that the measuring and test equipment is capable of the accuracy and 
precision necessary;

— Identification of measuring and test equipment with a suitable indicator or 
approved identification record to show its calibration status;

— Maintenance of calibration records for measuring and test equipment;
— Review and documenting of the validity of previous measurements, when mea

suring and test equipment is found to be out of calibration;
— Controls to ensure that environmental conditions are suitable for the calibra

tions, measurements and tests being carried out;
— Controls to ensure that the handling, preservation, storage and use of calibrated 

equipment is such that its accuracy and fitness for use is maintained;
— Protecting measuring and test equipment from adjustments which may invali

date its accuracy;
— Methods for adding and removing measuring and test equipment to and from 

the calibration programme, including the means to ensure that new or repaired 
items are calibrated prior to their use;

— System to control the issue of measuring and test equipment to qualified and 
authorized personnel.

316. Testing hardware, such as jigs, fixtures, templates or patterns, and/or test soft
ware used for inspection, should be checked prior to use in production and installa
tion and rechecked at prescribed intervals. The extent and frequency of such checks 
should be established and records maintained as evidence of control. Such approved 
testing hardware should be properly identified.

INSPECTION AND TESTING STATUS

317. The inspection and testing status of items should be identified to ensure that 
only acceptable items are used, installed or operated. The method of achieving this 
will vary according to the form of the item and its grading and can include: mark
ings, stamps, tags, labels, routing cards, annotated inspection and testing plans, 
inspection records, testing software, physical location and colour coding. Whichever 
method is chosen, it should be possible to establish the status of items quickly and 
clearly and, in particular, to identify those items which do not conform to specified 
requirements.
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318. Inspection and testing records should identify the inspection organization or the 
individual responsible for verifying conformance to specification at whatever point in 
the process the inspection and testing has taken place.

TESTING

319. Test requirements, including frequency and acceptance criteria, should be pio- 
vided. Unless otherwise designated, they should be approved by the organization 
responsible for the specification of the item or system to be tested. Required tests 
should be controlled. Tests may include:

— prototype qualification tests
— production tests
— proof tests prior to installation
— construction tests
— pre-operational tests
— operational tests.

Testing requirements and acceptance criteria should be based on the applicable design 
or other pertinent documents. Testing should demonstrate that the safety function of 
an item or service has been maintained.

320. Appropriate testing of computer software is essential before operational 
reliance is placed upon it.

321. Testing procedures should define the test objectives and make provisions for 
ensuring that prerequisites for the given test have been met, that adequate equipment 
is available and being used, that necessary monitoring is performed and that suitable 
environmental conditions are maintained. Testing procedures should also take into 
account the following where applicable:

— Appropriately calibrated measuring and test equipment,
— Availability of trained personnel,
— Condition of test equipment and the item to be tested,
— Suitable environmental conditions,
— Data acquisition system,
— Required tests and testing sequence,
— Required range of input parameters,
— Identification of the stages at which testing is required,
— Criteria for establishing test cases,
— Requirements for testing software logic,
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— Requirements for hardware and software integration tests,
— Software validation and its performance criteria,
— Anticipated output values,
— Acceptance criteria,
— Reports, records and their agreed formats,
— Actions taken when results are unacceptable,
— Process conditions when required (initial condition included),
— Precautions and limitations during each test,
— References to applicable documents.

322. Test results should be documented and evaluated to ensure that testing require
ments have been satisfied.

323. Test records should identify:
— Test procedure or test plan reference;
— Item tested, and stage of testing;
— Date and time of the test;
— Testing equipment and its calibration status, where applicable;
— Person(s) performing the test and recording the data;
— Type of observation;
— Results and their acceptability;
— Action taken in connection with any non-conformances noted;
— Person(s) evaluating the test results.

4. ACCEPTANCE OF ITEMS AND 
SERVICES FROM SUPPLIERS

PREREQUISITES

401. The purchaser of an item or service should establish the method of acceptance 
and the criteria for acceptability in the procurement documents. The purchaser should 
clearly define responsibilities and require documentary evidence that the acceptance 
criteria have been met.

402. Before offering an item or service for acceptance, the supplier should verify 
that all defined procurement requirements have been satisfied. Acceptance by the pur
chaser should not absolve the supplier from responsibility to provide items and ser
vices fit for the given purpose nor should it preclude subsequent rejection.
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METHODS OF ACCEPTANCE '.'Sv*

403. The method used by the purchaser to accept an item or service may include 
inspection and testing on receipt, or source inspection prior to authorizing release for 
delivery. The latter should involve surveillance, requiring process monitoring and par
ticipation with in-process inspection and/or final inspection and testing. 
Demonstration of complete acceptability may not be possible until installation and 
commissioning have taken place (see para. 502).

404. Records showing that the purchased item or service conforms to procurement 
requirements shall be available before installation or use. The records should 
contain: details of the verifications performed; how, when and by whom they were 
conducted; the results achieved; the associated certificates; and the final inspection 
records indicating that all requirements have been satisfactorily met. Whatever form 
the documentary evidence takes, there should be means available to verify its 
validity.

ACCEPTANCE BY SOURCE VERIFICATION

405. Verification at source should be considered, for example, when:

— the item or service is significant in terms of nuclear safety;
— the item or service is such that some design characteristics are difficult to verify 

after delivery, assembly or installation;
— the item or service is complex in terms of design, manufacture or testing.

406. Verification activities at source should confirm, where relevant, that:

— the documents providing evidence of approvals, material used, and applicable 
inspections and tests have been submitted as required;

— processes and procedures have been approved and have been complied with;
— the applicable qualification testing of items, procedures, qualification of per

sonnel, process records and certifications are available;
— items and services have been inspected, examined and tested as required and 

the applicable inspection, test and certification records are available;
— non-conformances have been resolved;
— items have been cleaned, preserved, packed and identified in accordance with 

specified requirements.

407. When the purchaser has accepted an item by source verification, documentary 
evidence should be provided.
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ACCEPTANCE B Y  RECEIVING INSPECTION

408. Acceptance by receiving inspection alone could be considered when:

— Items are relatively simple and standard in terms of design, manufacture and 
testing;

— The item is adaptable to standard or automated inspection and/or testing after 
delivery to verify quality characteristics;

— Receiving inspection does not require operations that could adversely affect the 
integrity, function or cleanliness of the item;

— Items are susceptible to damage during transit.

409. Incoming items should not be used or processed until conformance to specified 
requirements has been verified. The verification should be in accordance with the 
quality plan or procedures.

410. Receiving inspection should be co-ordinated with a review of the supplied 
documents when procurement documents require these to accompany the item or to 
be furnished before receiving inspection takes place. Such supplied documents may 
include:

— material analysis certificates 
— type test certificates
— specific test results i
— specified inspection data \
— calibration certificates
— supplier declaration of compliance with specified requirements 
— release certification
— non-conformance reports.

5 . P L A N T  IN S P E C T IO N S  A N D  T E S T IN G

PRE-OPERATIONAL INSPECTION AND TESTING

501. Systematic inspection and testing following installation of major plant systems 
is an essential element during the commissioning stage.
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502. There may be circumstances when final acceptance of a supplied item is only 
possible after it has been installed. Examples are:

— When it is difficult to verify all the quality characteristics of the item without 
installing and operating or using it;

— When the item requires an integrated system check-out or testing with other 
items and services to verify its design characteristics and functionality;

— When the ability of the item to perform its intended function cannot be fully 
demonstrated except when the item is in use (for example when radioactive 
material is to be processed within an item of the plant).

503. Pre-operational inspection and testing requirements and the associated accep
tance documents should be specified in procurement and commissioning documents 
and specific responsibilities clearly defined.

504. Performance testing should be carried out to demonstrate that items will func
tion as specified. A performance testing programme should be established, authorized 
and documented. The programme should identify the arrangements to enable instruc
tions for the operation of the installation to be validated.

505. The testing programme should cover all the required tests and should include 
the following where appropriate:

— personnel qualification requirements
— procedure and equipment qualification tests
— prototype qualification tests
— proof tests prior to installation
— pre-operational and startup tests
— operational tests
— tests to demonstrate satisfactory performance following plant maintenance.

506. Testing as described in the testing programme should be performed in accor
dance with specified procedures. These procedures should incorporate the require
ments and acceptance limits specified in design documents. Provisions should be 
made for ensuring that prerequisites for a given test have been met and that the test
ing is performed by trained personnel using calibrated instrumentation.

507. Inspection and testing results should be recorded and evaluated to ensure that 
the specified requirements have been satisfied before an item or system is released for 
operational service. For further guidance on QA during the commissioning stage see 
Safety Guide Q12. Safety Guide 50-SG-04 provides guidance on commissioning 
procedures.
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IN-SERVICE INSPECTION AND TESTING

508. In-service inspection and testing should be an integral part of preventive main
tenance aimed at the early detection of the potential failure of items. It also provides 
data on which to base judgements related to the continued operation and life exten
sion of the plant.

509. In-service inspection and testing should be concentrated on items that may 
affect safety to ensure that operation has not resulted in an unacceptable degradation 
or deviation from the design intent.

510. In-service inspection and testing during operation will comprise both routine 
checks and periodic examinations which may require the plant to be shut down. Both 
activities should be defined.

511. Routine in-service inspection and testing activities should confirm the avail
ability and reliability of systems and should indicate the current plant status.

512. For evaluation purposes, the results of in-service inspections and tests during 
plant shutdown should be recorded using appropriate media such as photographs, 
videos, instrumentation printouts and computer records.

513. Results of in-service inspections and tests should be promptly reviewed and 
evaluated. Non-conformances should be investigated to determine their root cause. 
The resulting data should be analysed for trends using statistical methods.

514. Plant management should be periodically appraised of all in-service inspection 
and testing performed on the operating plant. Plant management should also be 
provided with summary reviews of the results. Issues requiring attention, such as 
problems that could jeopardize the safe operation of the plant, should be highlighted. 
For further guidance on in-service inspection and testing in operation see Safety 
Guide Q13, the Code 50-C-0 (Rev. 1) and particularly Safety Guide 50-SG-02.
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1. I N T R O D U C T I O N

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment on basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirement of the Code other 
than those set out in the Safety Guides may be acceptable provided they result in at 
least the same level of nuclear safety.

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the basic require
ments of the Code on management self-assessment and independent assessment.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate programmes in each stage of a 
nuclear power plant project, and covers items, services and processes impacting 
nuclear safety. It may, with appropriate modifications, also be usefully applied at 
nuclear installations other than nuclear power plants.

BACKGROUND

STRUCTURE

105. This Safety Guide is arranged into six sections and two annexes:

Section 2 describes general considerations on management self-assessment 
and independent assessment and requirements for training and 
qualification.

Section 3 describes the responsibilities of the responsible organization, the man
agement and the assessment unit.
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Section 5 gives guidance on management self-assessment.

Section 6 gives guidance on the various types of independent assessment.

Annex I provides an overview of the interrelation between management self- 
assessment and independent assessment.

Annex II provides an example of a hierarchy of management self-assessment.

Section 4 provides guidance on how to perform assessments.

2. G E N E R A L  C O N S ID E R A T IO N S

GENERAL

201. Assessments are carried out to determine that requirements are met and that 
processes are adequate and effective, and to encourage managers to implement 
improvements, including safety improvements.

202. The assessment activity falls into two broad categories:

(1) Management self-assessment, which is an on-going process conducted by man
agement in order to evaluate the effectiveness of performance in all areas of 
their responsibility.

(2) Independent assessment, which is usually conducted by an independent organi
zational unit in order to determine the effectiveness of management processes, 
the adequacy of work performance and the quality of items and services.

203. Both categories of assessment are interrelated in that the output from indepen
dent assessment assists management in their task of self-assessment. Annex I shows 
these interrelationships.

204. Management at all levels shall conduct self-assessments on those key manage
ment processes for which they are responsible. Managers shall determine the effec
tiveness of their performance in achieving and improving nuclear safety objectives. 
Weaknesses in the management process and organizational barriers that hinder the 
achievement of nuclear safety objectives and good performance shall be identified 
and corrected.

205. Independent assessment shall be conducted for and on behalf of senior 
management by an organizational unit or an assigned outside agency which is
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independent of the work to be assessed. Managers should not regard the independent 
assessment as an opportunity to avoid carrying out their self-assessment. The assess
ment unit should devote itself to assisting management to improve effectiveness and 
work performance.

GRADING

206. Nuclear safety shall be the fundamental consideration in determining to what 
extent the QA requirements are to be applied. A graded approach, reflecting a planned 
and recognized difference in specific QA requirements for each identified item, 
service or process, shall be used.

207. The graded approach should take account of the safety significance and other 
factors, such as those dealing with important or complex work, to determine the 
extent and degree of assessment. The allocation of resources for assessment should 
be flexible and allow for re-allocation of priorities to areas of questionable perfor
mance. For further guidance on grading see Safety Guide Ql.

PERFORMANCE INDICATORS

208. Performance indicators should be developed to measure whether performance 
is satisfactory or not, with particular emphasis on safety.

209. Performance indicators should be monitored so that changes can be recorded 
and trends determined.

210. Trends in performance indicators should be analysed to identify both beneficial 
and adverse factors. Beneficial factors should be used to encourage improvement. The 
causes of adverse factors should be determined and eliminated. For further guidance 
on performance indicators see Safety Guides Ql and Q13.

TRAINING AND QUALIFICATION

211. Managers should make arrangements to ensure that all personnel performing 
assessment activities, including themselves, have appropriate qualification, training 
and experience.
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212. Personnel performing assessment1 activities should be trained in:

— QA principles,
— methodology of assessment.

213. Criteria for qualification of assessment personnel should be established and 
include technical knowledge, professional competence and experience. The assess
ment personnel should also have the ability to effectively observe, evaluate and 
report. Communication skills, integrity and the ability to maintain confidentiality and 
objectivity are desirable attributes, which should be taken into account.

214. The assessment personnel should maintain their proficiency and technical 
knowledge by, for example:

— regular participation in assessments;
— study of codes, standards, procedures, practices and other related documents; 
— participation in training courses and seminars;
— spending an appropriate amount of time in the field.

Experienced technical personnel and managers should be assigned to the assessment 
unit as part of career development on a rotational basis. For further guidance on train
ing see Safety Guide Ql.

3. R E S P O N S IB IL IT IE S

RESPONSIBLE ORGANIZATION

301. The responsible organization shall be responsible for assessment of the effec
tiveness of the overall QA programme. The responsible organization may delegate to 
other organizations the work of assessing all or a part of the programme, but shall 
retain responsibility for the effectiveness of the assessment. The responsible organi
zation should define and document the extent to which the assessment activities are 
delegated.

1 For some types of assessment there are accredited courses available in some Member
States.
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MANAGEMENT RESPONSIBILITIES

302. Management has a responsibility for setting performance expectations and for 
ensuring that they are met.

303. Senior management should have the overall responsibility for management self- 
assessment at all levels. It is essential that senior management directly participate in 
the process of management self-assessment.

304. Senior management should establish an organizational unit, or appoint an out
side agency when appropriate, to conduct independent assessments in order to inform 
line management of the degree that performance expectations are being met. The 
assessment unit should be given sufficient authority and organizational freedom to 
carry out its responsibilities.

305. Line management of the organization to be assessed should make arrangements 
for:

— Appointing a responsible person to contact and accompany assessors;
— Informing affected employees on the objectives and scope of assessment;
— Providing access for assessors to relevant facilities, documents and personnel 

for assessment to be carried out;
— Co-operating with the assessment team to achieve the objectives of the assessment;
— Reviewing and discussing the results of the assessment and communicating 

those to relevant staff;
— Implementing corrective actions and/or an improvement plan that address the 

root causes;
— Verifying the effectiveness of the corrective actions or the improvement plan.

ASSESSMENT UNIT

306. The assessment unit should be responsible for monitoring and evaluating the 
effectiveness of management at all levels in implementing the QA arrangements.

307. The assessment unit should be responsible for assessing as a minimum whether 
activities are being performed in accordance with specified requirements and should, 
where possible, identify improvement opportunities. The assessment unit, for example:

— Defines the assessment techniques;
— Identifies the resources needed to achieve an effective assessment;
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— Obtains access by assessment teams to levels of management having the 
responsibility and authority to ensure corrective actions;

— Makes arrangements for temporary assignment of specialists to assessment 
teams;

— Defines the methods and schedules for initiating, conducting and reporting 
assessments;

— Determines the distribution list for the assessment reports;
— Makes provisions for follow-up activities.

308. In order to properly focus their assessment on performance, the assessment unit 
should be well informed as to daily work schedules and long term planning. They 
should also have access to information such as:

— Whether safety and performance standards are being met;
— What and where the major safety and performance concerns are;
— Whether deficiences are increasing or decreasing;
— Whether preventive measures are adequate.

309. The independent assessment need not necessarily be carried out always by the 
assessment unit. It may be beneficial for independent assessment to be carried out by 
other staff brought together for a specific assessment or by a joint team, including 
members of the assessment unit.

310. The assessment unit could be supplemented by persons from other departments 
on short-term secondments, either for the duration of the assessment or for career 
development purposes. Such persons should have an understanding of the work area 
being assessed and be conversant with the type of assessment.

311. Personnel conducting independent assessment should not have responsibility 
for the work performance being assessed. Assessment personnel should exercise 
objectivity in examining evidence and in forming conclusions.

312. A team leader should be appointed to manage all phases of an individual assess
ment. The team leader should be responsible for:

— selection of team members
— planning
— representing the team
— managing the team during the assessment
— preparing and submitting the report
— checking the effectiveness of corrective actions.

313. The team members are subject to the leadership, direction and guidance of the 
team leader.
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314. Inexperienced people on the team should be adequately monitored and super
vised until they are considered proficient in the type of assessment being carried out.

315. The attitude of assessors can also have an impact on the value of the assess
ment. Assessors should be capable of looking for improvement opportunities and pro
viding recommendations to management. Problems should be reported in a way that 
will help management understand what actions are needed.

4. P E R F O R M A N C E  O F  A S S E S S M E N T S

GENERAL

401. Assessment activities can include reviewing, checking, inspecting, testing, 
surveillance and auditing.

402. Some types of assessment, such as checking, inspecting and testing, are usually 
objective. Results will be verified in accordance with written criteria. Similarly, 
surveillance and audits can be objectively evaluated against standards and/or 
specified requirements.

403. Other types of assessment such as peer evaluation are more subjective, based on 
comparison with good practices and judgements against expert opinions. The results 
of such activities should be evaluated by senior management before proposed actions 
are adopted.

PLANNING

404. An assessment plan should be established, taking into account the organiza
tion’s activities affecting safety and the frequency and results of previous assess
ments. Assessments may be conducted on a limited scope of activity across a number 
of organizational units, or on all activities in a single organizational unit, or a 
combination of these.

405. Planning for an assessment should begin with the selection of areas, activities 
and requirements to be assessed. Assessment activities should be conducted in a man
ner so as to not impact plant safety. The assessment activities should be planned to 
have minimal impact on normal'plant activities.
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406. The assessor should maximize the effectiveness of the planning by using all 
available information and resources.

407. A plan for each assessment should be established to identify the topics and 
grade their priority. Such a plan is not intended to be a procedure or checklist, but an 
aid to the assessor in keeping the assessment objectives clearly in mind. Assessment 
plans should be agreed with the organization’s management.

408. The assessment schedule should allow adequate time for preparation, conduct 
of the assessment, evaluation of identified concerns and reporting of results. Extra 
time may be needed to gain familiarity with the areas to be assessed.

CONDUCT

409. Assessment should concentrate on observation of activities actually being 
performed. Many activities can only be properly evaluated after a thorough in-process 
observation has taken place. Assessors should also interview personnel and examine 
completed work activities. Where activities are not being performed at the time of 
assessment, a decision should be made on whether they should be observed at a later 
date.

410. When assessing an activity, the assessor should observe the sequence of 
operations and investigate in more detail if a problem is suspected.

411. If, during the course of the assessment, a deficiency is found, the assessor 
should observe other similar activities to determine the nature and extent of the 
problem (for example whether it exists throughout the organization).

412. In an assessment, information on equipment, personnel qualification and 
training should be examined. The assessor may need to ask personnel specific ques
tions to determine, for example, their experience or knowledge of procedures. The 
assessor may also check the conformance with, and the adequacy of, the procedures.

413. Although the planning and conduct of an assessment may follow an organized 
plan, circumstances may arise that require flexibility. The assessor should pursue any 
questionable area after consultation with the team leader. This consultation will 
ensure that the investigation is worthwhile.

414. When potential non-conformances are encountered, the assessor should check to 
determine if these have already been identified by management and if actions are being
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implemented to correct them. Conditions found during the assessment which require 
prompt attention should be immediately brought to the attention of management.

415. When potential non-conformances are detected, they should be discussed with 
the responsible persons to avoid misunderstandings.

EVALUATION

416. The assessor should analyse and consider the cause of potential non-confor
mances in order to evaluate the proposed corrective actions.

417. Findings should describe the non-conformance and not just provide an indica
tion of the non-conformance. The assessor should also highlight good performance 
and identify any areas where improvement could be made.

418. Findings should be discussed among the assessment team members so that they 
can be sure of the applicability, improve consistency and look for generic problems.

REPORTING

419. Assessment results should be reported clearly and promptly. The assessment 
report should communicate findings in a way that makes their significance readily 
apparent. For reports to be effective, they must be submitted in their final form 
as quickly as possible, emphasizing particular items if necessary. The report 
should include:

— A list of findings,
— A list of personnel contacted and procedures reviewed,
— A description of assessment methods adopted by the assessors,
— References to the assessment plan which indicate what areas were assessed and 

why they are important,
— A summary statement on whether the activities assessed were satisfactory or not,
— Opportunities for improvement.

FOLLOW-UP ACTIVITIES

420. The assessed organization should review and investigate assessment findings to 
determine corrective actions, and prepare an implementation schedule and a written
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response to the report within a given time. The corrective actions and implementation 
schedule should be discussed between management and the team leader to help 
ensure that the corrective actions are adequate.

421. The assessed organization should review and report on the progress achieved in 
completing corrective actions, so that senior management are aware of the status of 
corrective actions in their organization.

422. The assessment unit should verify the implementation of the corrective actions.

423. On completion of all corrective actions, the assessment should be closed.

5. M A N A G E M E N T  S E L F -A S S E S S M E N T

GENERAL

501. The purpose of management self-assessment should be to evaluate known per
formance issues, identify contributing management aspects and make improvements.

502. Management self-assessment should be regarded as an on-going process that 
determines how well leadership is being provided to meet requirements and expecta
tions.

503. Management at all levels (for example senior, line and supervisory managers) 
perform these self-assessments with an emphasis on the allocation of human and 
financial resources to achieve organizational goals and objectives.

504. At the senior management level it is appropriate to perform a self-assessment 
to determine if the overall performance effectively focuses on meeting strategic goals, 
including safety goals. Reports from line management, summaries of both categories 
of assessment and regulatory feedback are useful sources of information on the over
all performance of the organization. It also assists the manager in targeting improve
ment actions.

505. Line management is more likely to rely on surveillance and review of work per
formance. This would include, but not be limited to, surveillance of items, services 
and processes, review of design documents and validation, review of procedures and 
records, observation of independent assessments and regular facility tours.
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506. At the supervisory level, direct observation of work supported by inspection
and testing should be routinely carried out (see Safety Guide Q4). Annex II gives an
example of a hierarchy of management self-assessment.

SELF-ASSESSMENT CRITERIA

507. The following are examples of the criteria used to perform self-assessments:

(1) Leadership. Senior managements’ personal leadership and involvement in: 
creating and sustaining continuous improvement; setting clear values and 
expectations; establishing a system that promotes performance excellence; inte
grating into the QA programme the fulfilment by the responsible organization 
of its public responsibilities.

(2) Information and analysis. Management and effectiveness of the use of data and 
information to support performance excellence.

(3) Strategic planning. Setting strategic directions; determining key plan require
ments; translation of plan requirements into effective performance.

(4) Human resources development and management. Enabling the workforce to 
develop and utilize its full potential, aligned with the responsible organization’s 
performance objectives; responsible organization efforts to build and maintain 
an environment conducive to performance excellence, full participation, and 
personnel and organizational growth.

(5) Process management. Key aspects of process management are designing, man
aging and improving key processes to achieve higher performance.

(6) Measuring results. Responsible organization’s performance and improvement 
in the key areas: safety and quality; productivity and operational effectiveness; 
performance indicators linked to these areas.

(7) External focus. Responsible organization’s systems for learning; building and 
maintaining relationships; levels and trends in key measures of success; service 
availability and responsiveness to changing, requirements.

SUBJECTS

508. Input to management self-assessment should include information on:

— Safety results/trends and performance indicators;
— Current performance analysis, such as peer evaluation feedback, surveillance 

and technical review results;
— Adequacy of the QA programme of the responsible organization;
— Effectiveness of management procedures/work instructions;
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— Organizational issues, such as levels of authority and responsibility, interfaces, 
communications, recruitment, training and promotion policies;

— Effect of regulatory and statutory requirements and any changes to them;
— Overall performance including safety, reliability and cost considerations;
— Strategic planning, mission of the organization and nuclear safety objective;
— Feedback from experience.

REPORTING

509. Management self-assessment should result in an improvement in nuclear safety 
and should be part of the organization’s quality improvement process. Existing 
reporting mechanisms should be used.

6. IN D E P E N D E N T  A S S E S S M E N T

GENERAL

601. Independent assessment, such as internal audits, external audits, surveillance, 
peer evaluation and technical review, should be focused on safety aspects and areas 
where problems have been found. Assessment objectives should be reviewed period
ically to reflect current management concerns and performance activities. 
Appropriate combinations of various types of assessment should be used to provide 
the best balanced evaluation of performance.

INTERNAL AUDITS

602. A system for internal audits should be established by the assessment unit and 
agreed with the management of the organization.

603. Internal audits are conducted on behalf of management by the independent 
assessment unit to determine whether activities and related results comply with the 
basic requirements of the Code and whether the established QA programme is ade
quate and being implemented effectively to achieve nuclear safety objectives.

604. Internal audits should not be conducted with the sole purpose of determining 
compliance with requirements. They should be conducted to evaluate the needs for
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corrective actions, with the emphasis on seeking opportunities for improvement and 
enhancing safety standards.

605. Internal audits should be conducted on an on-going basis, but they should 
also be prompted by significant changes in the QA programme or the associated 
processes, or by performance and nuclear safety weaknesses.

EXTERNAL AUDITS

606. External audits of suppliers should be managed by the assessment unit on 
behalf of management, who agree the schedule of audits to be performed. The 
frequency of audits should be determined by factors such as the importance of items 
and the performance of the supplier.

607. External audits should be carried out when:

— it is necessary to determine the capability of a supplier and the adequacy of its 
QA programme before awarding a contract or placing a purchase order;

— after award of a contract, it is necessary to determine whether the supplier is 
appropriately performing the functions as defined in the QA programme, 
applicable codes and standards and other contract documents;

— significant changes are made in the supplier’s QA programme, such as signifi
cant reorganization or significant revisions of procedures;

— it is suspected that the quality of an item or service is in jeopardy owing to a 
deficiency, either in the requirements or in the QA programme.

SURVEILLANCE

608. Surveillance of work performance is considered to be the best technique for 
assessing and reporting on a specific area, or an on-going activity. It is flexible and 
less formal than audits and can be performed in a relatively short period of time with 
limited preparation. However, advance notice should usually be given. Surveillance is 
normally carried out to:

— provide information and data in a specific performance area;
— provide information and data on an individual activity;
— provide immediate feedback of results;
— follow up on previous assessment observations.

609. Surveillance may show product deficiencies or indications of localized 
weakness in the QA programme. When the work is intellectual, for example design
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work, selective analyses and random checks of results are considered to be more 
appropriate.

610. Surveillance is most suited where:

— flexibility in timing, method, personnel and reporting is desirable;
— additional information is required to develop conclusions regarding previous 

assessments;
— there is a need to respond to opportunities that arise at short notice.

611. Several surveillance visits are required over a period of time for activities which 
occur frequently or for determining if trends exist.

612. A single surveillance should not be considered to be sufficient to fully assess 
the overall effectiveness of the QA programme. In addition to monitoring activities 
and the observation of work being done, reviews of documentation and interviews are 
also needed.

PEER EVALUATION

613. Peer evaluation is a critical examination of specific nuclear safety related 
subjects by senior staff from one or more other nuclear power plants to seek improve
ments and to promote good practices. The evaluation team should consist of experts 
in all areas of evaluation in order to promote the sharing of experience and to devel
op relationships between the peers and the people at the nuclear power plants.

614. Senior management should consider developing, on the basis of best interna
tional practices, a set of performance indicators, objective standards and criteria 
against which performance can be evaluated. For a nuclear power plant, performance 
objectives in areas such as operation, maintenance, chemistry, reactor engineering, 
radiation protection, fire protection and emergency planning should be considered 
and developed.

615. This type of assessment is both objective, in that it compares against the per
formance standards and objectives, and subjective, in that it uses the collective 
knowledge of the peers to identify areas for improvement and good practices.

616. During the evaluation, observation of the work should be done and a judgment 
made on the basis of the methods used and results achieved. A written report of prob
lems and good practices observed should be presented to management. Management
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should develop an action plan to implement any improvement and ensure that infor
mation on good practices is made known to others within the organization.

TECHNICAL REVIEW

617. Senior management may arrange for a review of the technical content of activ
ities and processes, with a view to improving the effectiveness of these activities or 
processes.

618. Different techniques can be used, such as inspection and testing (see Safety 
Guide Q4) as well as emergency drills and exercises (see Safety Guides 50-SG-G6 
and 50-SG-06).

619. Senior management should define in clear terms the scope of each technical 
review, what is expected, when it will be implemented and by whom it will be 
implemented.

620. Those who are asked to perform a technical review should be demonstrably 
qualified and competent in the area of work being assessed.
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A n n ex I

INTERRELATION BETWEEN MANAGEMENT SELF-ASSESSMENT AND 
INDEPENDENT ASSESSMENT

INPUT -------► REPORTING
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A n n ex II

E X A M P L E  O F  A  H IE R A R C H Y  O F  M A N A G E M E N T  S E L F -A S S E S S M E N T

REVIEW

— Middle management reports SENIOR MANAGEMENT
— Management self-assessment reports
— Summary reports from independent

assessment unit
— Regulatory feedback
— Strategic review
— Peer evaluation
— Technical review
— Plant walkabout

SURVEILLANCE

— Surveillance of items, services and LINE MANAGEMENT
processes

— Review of design documents and
validation

— Review of procedures and records
— Observation of audits
— Nuclear power plant tours

DISCRETE CHECK

— Checking SUPERVISORS
— Inspecting
— Testing
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1. I N T R O D U C T I O N

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

BA CK G RO U N D

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the basic require
ment of the Code on procurement.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate programmes in each stage of a 
nuclear power plant project, and covers items, services and processes impacting 
nuclear safety. It may, with appropriate modifications, also be usefully applied at 
nuclear installations other than nuclear power plants.

STRUCTURE

105. This Safety Guide is arranged into nine sections and one annex:

Section 2 describes the responsibilities involved in procurement and grading.

Section 3 describes the preparation of procurement requirements, including verifi
cation activities.

Section 4 describes a process for the selection of suppliers.
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describes methods for evaluation of quotations from prospective suppli
ers and the award of contracts.

describes the evaluation of supplier performance.

describes actions to confirm that items or services meet procurement 
requirements.

describes actions to be taken when commercial grade items are pur
chased.

describes factors to be considered in the procurement of spares, 

provides an example of the procurement process for items and services.

2. A R R A N G E M E N T S  F O R  P R O C U R E M E N T

RESPONSIBILITIES
« *

201. The responsible organization shall ensure that procured items and services meet 
established requirements and perform as specified and that selected suppliers contin
ue to provide acceptable items and services during the fulfilment of their procurement 
obligations. The responsible organization may delegate procurement activities to 
other organizations, but shall retain the responsibility for the overall effectiveness of 
these activities.

202. Procurement activities shall conform to the regulatory requirements of the 
Member State and, as applicable, to the provisions of recognized codes, standards and 
specifications used in the design, manufacture, installation and operation of items and 
services.

203. The responsible organization shall establish a procurement process within its 
QA programme that meets the requirements of the Code. The procurement process 
should require personnel carrying out procurement activities to:

— Ensure that the information provided to suppliers is clear, concise and unam
biguous, fully describes the items and services required and includes the 
technical and QA requirements;

— Ensure, as a basis for selection, that the supplier is capable of supplying the 
items and services as specified, including the continuation of any follow-on 
spare parts;

— Monitor suppliers to confirm that they continue to perform satisfactorily;

X
Section 6 

Section 7

Section. f

Section 9 

Annex,;

:Section 5
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— Ensure that the items and services conform with the requirements o f ‘procure- 
ment documents and perform as expected;

— Ensure that, when required, documentary evidence of conformance is available • 
at the nuclear power plant site before items and processes are installed or used;

— Specify the contact person for all procurement communications with the- 
supplier;

— Ensure, where necessary, that interfaces between the responsible organization
and suppliers and between suppliers are defined to ensure that key dates are 
met. a? •

I
The Annex provides an example of a typical procurement process for items and ■ 
services.

GRADING

204. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized dif
ference in the applications of specific QA requirements.

205. This graded approach should be applied throughout the supply chain.

206. The procurement requirements that could be graded are:

— The requirements for supplier assessment, evaluation and qualification
— The scope and level of detail of the procurement specification
— The need for and scope of supplier quality plans
— The extent of responsible organization inspection, surveillance and audit 

activities
— The scope of documents to be submitted and approved, and the records to be 

provided
— The extent of records to be provided or stored and preserved.

For further guidance on grading see Safety Guide Ql.
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3 . P R E P A R A T I O N  O F  P R O C U R E M E N T  R E Q U I R E M E N T S

GENERAL

301. Applicable regulatory requirements, design bases, standards, specifications and 
other requirements necessary to ensure the technical adequacy shall be determined and 
included or referenced in the documents for procurement of items and services.

302. It is essential that a correct and unambiguous specification of the item or ser
vice is available. Therefore all relevant parties within the responsible organization 
should participate in the process of compiling procurement documents.

CONTENT

303. Procurement documents should include the following, where appropriate, 
together with identification of the associated responsibilities:

— Scope of work
— Technical requirements
— Inspection and testing requirements
— Access to supplier facilities
— Identification of QA standard
— Document requirements
— Record requirements
— Timing of submissions
— Non-conformance reporting
— Subsupplier controls
— Items and services supplied by the responsible organization.

Scope of work
304. A full description of the work to be undertaken by a supplier, including inter
faces with other work, should be provided so that the intent is clearly understood and 
prospective suppliers can deliver the items or services as specified.

Technical requirements
305. The technical requirements should be specified by reference to technical doc
uments such as: codes, specifications, regulatory requirements, standards, design
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basis, drawings, process requirements and requirements for approval or qualifica
tions of items, procedures or processes. The responsible organization may require 
supplier personnel to be specifically qualified in order for some technical require
ments to be met, for example welding, inspection and testing, and heat treatment. It 
may also include: requirements for performance; requirements for fabrication, 
storage, handling, packaging and presentation of materials; requirements for instal
lation; and requirements for operation. Each specified requirement should be 
achievable and verifiable and when met will render items or services fit for the 
intended purpose.

Inspection and test requirements
306. When inspection or testing of products is required, it should be specified. For 
example, there may be a need for qualification type tests such as seismic or harsh 
environment testing. Specifying testing requirements to the supplier does not relieve 
the supplier from the responsibility to determine testing requirements necessary to 
assure item quality. However, on the basis of the intended use of an item, the respon
sible organization may need to specify additional tests to demonstrate conformance 
to the codes, standards and specifications previously quoted. The specification should 
define acceptance criteria for the standards to be applied. At specific stages of pro
duction the responsible organization may require hold and witness points. Inspection 
and testing activities should be detailed by the supplier. For further guidance on 
inspection and testing see Safety Guide Q4.

Access to supplier’s facilities
307. Access to the supplier’s premises to carry out inspections, audits, surveillance, 
etc., should be defined. These activities may be performed by the responsible 
organization, or by other authorized parties acting on its behalf. Extension of this 
requirement to subsuppliers is covered in para. 313.

Identification of quality assurance standards
308. The QA standards to be complied with must be clearly defined. If the respon
sible organization wishes to quote national or international QA standards, an evalua
tion should be performed to determine if additional requirements should be specified 
in order to satisfy the IAEA Safety Standards on Quality Assurance. When interna
tional standards are quoted, care should be taken to ensure that optional clauses are 
adequately addressed.
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D ocu m en t req u irem en ts

309. Those documents which the responsible organization requires the supplier to 
submit for approval or comment should be clearly identified in the procurement doc
uments. Typical documents that may require approval include design documentation, 
inspection and test reports, manufacturing and testing procedures, maintenance 
procedures/manuals and the supplier’s QA programme description. The following 
criteria may be considered in determining who should approve documents:

— Which party has design responsibility.
— The capability and responsibility of suppliers and subsuppliers in the supply 

chain.

Records requirements
310. Requirements regarding records (including material samples) should be 
identified to the supplier prior to placing the contract. This could best be achieved by 
providing or requiring a record schedule to be submitted by the supplier detailing all 
record requirements. Instructions for the retention or transfer of records from the 
supplier and/or subsuppliers should be specified. These should include those records 
which are required by the responsible organization to obtain the necessary assurance 
that the items or services have met or will meet the requirements. Retention periods 
and responsibilities for the maintenance of records by the supplier should also be 
specified. For further guidance on the requirements for records see Safety Guide Q3.

Timing of submissions
311. Clear instructions should be given to suppliers regarding the time when the 
required documents and records should be submitted. The timing should take account 
of hold points, key events, and document submission and turnaround times.

Non-conformance reporting
312. The supplier should have a clear understanding with regard to the non-confor
mance control process. Responsibilities for processing non-conformances with the 
specified procurement requirements should be defined (see para. 607).

Subsupplier controls
313. Unless otherwise specified by the responsible organization, the supplier 
should be responsible for the control of subsuppliers. Therefore, should
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subcontracts be placed, the supplier should be requested to secure from subsuppli
ers all rights of access as a contractual obligation. The supplier should be required 
to impose QA requirements on subsuppliers consistent with the importance of the 
subcontracted item or service. This would include, for example, the responsibility 
to monitor and evaluate the performance of subsuppliers (see Section 6).

Items and services supplied by the responsible organization^
314. The responsible organization should specify storage, inspection and mainte
nance requirements for items it provides to a supplier.

REVIEW, APPROVAL AND CHANGES OF PROCUREMENT DOCUMENTS

315. The responsibilities for review and approval of procurement documents within 
the responsible organization should be defined. Procurement documents should be 
reviewed and approved before issue to ensure that all requirements have been includ
ed and are in, accordance with the specified requirements, responsible organization 
procedures and regulatory requirements.

316. Changes to procurement documents should be undertaken in a controlled man
ner. Before approval, changes should be reviewed to ensure that there are no adverse 
effects to other structures, systems and components of the plant. The supplier or 
prospective supplier should be notified of approved changes. Changes to procurement 
documents should be subjected to the same level of control as the original documents. 
For further guidance on the requirements for controlling changes to documents see 
Safety Guide Q3.

4. S E L E C T IO N  O F  S U P P L IE R S

GENERAL

401. The selection of suppliers should be based on an evaluation of their capability 
to provide items or services in accordance with the requirements of the procurement 
documents.
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S E L E C T IO N  PR O C ESS

402. The responsible organization should use specified criteria to evaluate and select 
suppliers. Responsibilities for determining supplier capability should be identified. 
This may require involving one or more organizational units of the responsible orga
nization such as engineering, construction, manufacturing, operation and mainte
nance, purchasing or quality assurance/assessment, depending on the item or service 
being procured.

403. Methods to be used in evaluating prospective suppliers and the results of eval
uations should be documented and should include, for example:

(a) Evaluating the prospective supplier’s history of providing a product which per
forms satisfactorily in actual use, for example:

— the experience of users of identical or similar items and services of the 
prospective supplier;

— review of records that have been accumulated in connection with previous 
procurement actions and operating experience with the product;

— review of historical data relevant to the items or services being procured 
which are representative of the prospective supplier’s current capability. If 
there has been no recent experience, the prospective supplier should be 
requested to submit information on an equivalent item or service for evi
dence of current capabilities.

(b) Evaluating the prospective supplier’s QA programme. This could be carried 
out by taking into account third party certification relevant to the scope of the 
work.

(c) Assessing the capability of the prospective supplier by evaluating facilities and 
personnel, and the implementation of the QA programme. Safety Guide Q5 
provides guidance on assessment.

(d) Objectively evaluating the prospective supplier’s current QA records supported 
by documented qualitative or quantitative information such as statistical records 
or other records attesting to the prospective supplier’s performance.

(e) Evaluating the capability of the prospective supplier by investigating samples 
of current production.

404. After the initial selection of prospective suppliers, procurement documents 
should be forwarded to them indicating the date for submitting tenders (quotations), 
and the procedures for resolving questions and seeking clarification (for example by 
meetings, presentations and/or assessments).
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5. E V A L U A T IO N  O F  Q U O T A T IO N S  A N D  A W A R D  
O F  C O N T R A C T

EVALUATION

501. Submitted quotations (bids or tenders) from prospective suppliers should be 
evaluated in a logical manner to ensure that they conform to the requirements of the 
procurement documents.

502. The evaluation of quotations carried out by the responsible organization should 
be a team effort involving the organizational units responsible for the technical and 
procurement activities. The size of the team undertaking the evaluation should be 
determined by the size and complexity of the item or service to be purchased.

AWARD

503. The award of the contract should be based on the capability of the supplier to 
meet the requirements of the procurement documents. All actions arising from the 
evaluation of quotations should be fully documented and resolved, including the 
grounds for awarding the contract.

6. E V A L U A T IO N  O F  S U P P L IE R  P E R F O R M A N C E

RESPONSIBLE ORGANIZATION AND SUPPLIER CO-ORDINATION

601. The responsible organization should monitor, evaluate and verify how the sup
plier performs against the procurement requirements. This may be done by the 
responsible organization, its designated representative or other parties authorized by 
the responsible organization. These activities should provide for:

— Establishing a mutual understanding of the specifications and intent of the pro
curement documents between the responsible organization and the supplier;

— Requiring the supplier to identify planning techniques and processes to be used 
in fulfilling procurement requirements;

— Reviewing documents that are generated or processed during activities fulfill
ing procurement requirements;
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— Co-ordinating feedback of experience between the responsible organization and 
suppliers;

— Identifying and processing changes to information;
— Establishing a method for the exchange of documented information between 

the responsible organization and the supplier.

Such activities could form the basis for future supplier selection.

602. Depending on the complexity or scope of the items or services, the responsible 
organization should initiate pre- and post-award activities. These activities may take 
the form of meetings, or other means of communication, to establish a mutual under
standing between the responsible organization and the supplier regarding:

— Procurement document requirements;
— The intent of the responsible organization in monitoring and evaluating the sup

plier’s performance;
— The planning, manufacturing techniques, tests, inspections and processes to be 

employed by the supplier to meet procurement requirements.

The responsible organization should identify notification points as early as practica
ble in the procurement process. These should be documented and agreed between the 
responsible organization and the supplier.

603. The extent and necessity of pre- and post-award communication depends on the 
uniqueness of the product, its complexity, the procurement frequency with the same 
supplier and past performance in the supply of similar items or services.

DOCUMENT SUBMISSION, REVIEW AND APPROVAL

604. Documents requiring the approval of the responsible organization should be 
forwarded by the supplier to the responsible organization. They should be reviewed 
by appropriate staff against the requirements of the procurement documents. After 
review they should be approved or challenged by the responsible organization’s 
authorized representative(s) and returned to the supplier for action.

SOURCE INSPECTION AND TESTING

605. Inspection and testing activities at source (in the supplier’s works) should take 
place in accordance with the requirements of the procurement documents. They
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should not absolve the supplier of the responsibility to provide acceptable items or 
services. When source inspection and testing take place at a subsupplier’s works, the 
responsibility for controlling the subsupplier’s activities should remain with the 
supplier (see para. 313).

REPORTING OF INSPECTION AND TESTING ACTIVITIES

606. To facilitate the release of products, the results of agreed inspections and tests 
should be reported to the responsible organization or its representatives for review 
against the procurement requirements.

NON-CONFORMANCE CONTROL

607. Non-conformances identified during the procurement process should be han
dled in accordance with Safety Guide Q2. Non-conformances identified by the 
responsible organization should be reported to the supplier immediately for process
ing through the supplier’s non-conformance control system.

7. A C C E P T A N C E  O F  IT E M S  A N D  S E R V IC E S

RECEIVING INSPECTION OF ITEMS

701. Items and associated documents, including material certificates where applica
ble, should be inspected immediately upon receipt in order to verify that they meet 
specified requirements. Procurement documents should be copied to the goods receipt 
areas and the procurement department should be notified when items are received. 
The level of receiving inspection required should be specified and may vary with the 
complexity of the item, its importance to safety, the level of source verification car
ried out and the prior performance of the supplier. Any non-conforming items found 
on receiving inspection should be controlled in accordance with Safety Guide 
Q2. For further guidance on inspection and testing for acceptance of items and ser
vices, see Safety Guide Q4.
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R E L E A S E  O F  IT EM S

702. Items should not be released for use or installation at the nuclear power plant 
until all inspections have been satisfactorily concluded and all specified documenta
tion, for example material certificates, have been received and checked.

POST-INSTALLATION TESTING OF ITEMS

703. When an item cannot be satisfactorily verified as conforming until it is tested 
in an installation, appropriate instructions should be given to the installation staff and 
the requirement included in the procurement documents. The supplier should have the 
opportunity to carry out the installation tests before offering the item to the responsi
ble organization for acceptance.

ACCEPTANCE OF SERVICES

704. The criteria for acceptance of services should be specified in the procurement 
documents and the activities should be monitored. Evidence of conformity should be 
supplied in the form of, for example, performance measurement activities, inspection 
and test records. Records of inspection and testing for acceptance should be used for 
assessing and monitoring the supplier’s performance.

8. C O M M E R C IA L  G R A D E  IT E M S

801. Certain items with a proven record may be available from commercial stock. 
Procurement documents should provide sufficient information from catalogues and 
suppliers’ specifications to enable the correct item to be supplied. All relevant techni
cal data and trial information should be requested. These items may require confir
matory analysis or testing to demonstrate the adequacy of the item to perform its 
intended function.

802. When a commercial grade item is proposed for any safety function, a thorough 
technical evaluation of the complexity of the item and its safety significance should 
be carried out. The critical characteristics required for that function should be includ
ed as acceptance criteria in the procurement documents.
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9 . P R O C U R E M E N T  O F  S P A R E S

901. The plant management may arrange to obtain spares of plant items at the time 
of procurement of the original items. The spares should meet the same QA require
ments as the originals, with additional requirements to assure protection during long 
term storage. The factors to be considered in determining the quantities of spares 
include the following:

— Numbers and safety significance of items liable to failure,
— Special nature of the manufacturing process which may prevent subsequent 

manufacture,
— Uncertainties in supply of current spares,
— Anticipated delivery periods and shelf-lives,
— Delays caused by importing spare parts from other countries,
— Isolation from qualified manufacturers.

151

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



A n n ex

EXAMPLE OF A TYPICAL PROCUREMENT PROCESS 
FOR ITEMS AND SERVICES

1. Preperation of 
procurement 
requirements

2. Evaluation of 
prospective 
supplier

3. Award of 
contract

4. Evaluation of 
supplier 
performance

5. Acceptance of 
items and 
services
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1. I N T R O D U C T I O N

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
of the Code in relation to the manufacture of items for nuclear power plants.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate QA programmes in each stage 
of a nuclear power plant project, and covers items impacting nuclear safety. It may, 
with appropriate modifications, also be usefully applied at nuclear installations other 
than nuclear power plants.

105. The guidance and recommendations given in this Safety Guide should be taken 
into account in procurement documents in order to clearly communicate specified 
contractual requirements. Guidance on the procurement of items and services is given 
in Safety Guide Q6 .

STRUCTURE

106. This Safety Guide is arranged into six sections and one annex:

Section 2 provides guidance on the responsibilities for manufacture and on grading 
of QA requirements.

BA C K G R O U N D
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Section 4 provides guidance on the identification and control of items.

Section 5 provides guidance on manufacturing equipment control.

Section 6 provides guidance on handling, storage, packaging, preservation and
delivery.

Annex provides examples of some special aspects relating to the manufacture of 
nuclear fuel.

Section 3 provides guidance on the planning of the manufacturing process.

2. G E N E R A L

RESPONSIBILITIES

201. The responsible organization shall ensure that those participating in the manu
facture of items important to the safety of nuclear power plants are required, by pro
curement documents, to establish and implement a QA programme, the level of which 
shall be commensurate with the safety significance of the manufactured items. For 
further guidance on procurement see Safety Guide Q6.

202. The responsibility for the effectiveness of the overall QA programme of the 
nuclear power plant remains with the responsible organization without prejudice to the 
manufacturer’s obligations and the legal requirements imposed on the manufacturer. 
For further guidance on QA programmes and their content, see Safety Guide Ql.

203. Procedures and work instructions shall be prepared for activities affecting the 
quality of a manufactured item. These activities include manufacturing processes and 
their control, inspection and testing, identification, handling, storage, packaging, 
preservation and delivery.

GRADING

204. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized dif
ference in the applications of specific QA requirements.
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— Qualification of any special manufacturing process and of the personnel to 
carry it out,

— Extent and details of procedures and degree of their review,
— Details and need for inspection and testing plans,
— Degree of in-process controls, witness points, hold points and sample points,
— Requirements for material traceability,
— Records and archive samples.

For further guidance on grading see Safety Guide Ql.

205. The manufacturing activities that could be graded are:

3. T H E  M A N U F A C T U R IN G  P R O C E S S

301. The items to be manufactured shall be fully defined by documents, such as 
specifications and drawings, to the extent necessary before the start of the manufac
turing activities.

302. The QA programme for manufacturing activities should provide for the review 
of procurement documents for the item to be manufactured to determine what regu
lations, codes, standards and other requirements are applicable during manufacture. 
Regulatory, technical and other requirements set forth in these documents should be 
included, as appropriate, in manufacturing drawings, specifications, inspection and 
test plans, procedures and work instructions.

303. The manufacturer shall be made aware of the requirements of the responsible 
organization and regulatory body (see the Code 50-C-G (Rev. 1)) for sampling points, 
hold points and witness points. For further guidance on inspection and test plans and 
associated inspection activities see Safety Guide Q4.

304. Such functions as purchasing, planning, manufacture and manufacture control, 
which are performed by the manufacturing organization, should be identified and 
their relationship with the functions of the responsible organization and the principal 
designer1 defined.

1 The principal designer has responsibility for specifying the design requirements and 
for approving the design output on behalf of the responsible organization. Further explanation 
of the term ‘principal designer’ can be found in Safety Guide Q10.
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305. During the initial planning phase for manufacture, consideration should be 
given to such factors as:

— Understanding the manufacturing implications of the design.
— Estimating resource requirements.
— The procurement of critical path and long term delivery items.
— The amount of manufacturing such as forming, heat treating, partial machining 

or fabricating of subassemblies, to be carried out.
— Clean conditions and other environmental controls to meet requirements and to 

achieve item quality. These controls may include dust-free or inert atmospheres, 
humidity controls, tempeiature controls, and control of the chemical composi
tion of water.

— The assembly of the equipment.
— Handling, storing, packaging and delivery requirements.
— The application of new techniques in manufacturing, inspection and testing.
— The need for inspection ,.nd tests specified by the designers and regulatory 

bodies, and those deemed necessary by the manufacturer to control item quali
ty and to ensure the mai facti u process has been followed.

— The need to develop, qualify and control any new manufacturing processes.
— Processes which are complex or sensitive, or which require extensive set-up, 

special equipment or special training. Some of those processes which require 
special consideration in fuel manufacturing are listed in the Annex.

306. The manufacturer’s QA programme should include the identification and con
trol of processes which are required to be carried out by qualified personnel or which 
require continuous monitoring and control of process parameters to ensure that the 
specified requirements are met. These processes are those where the results cannot be 
fully verified by subsequent inspection and testing of the item and where, for exam
ple, processing non-conformances may become apparent only after the item is in use 
or operation.

307. The requirements for any qualified processes, including associated equipment 
and personnel, should have been specified in procurement documents (see Safety 
Guide Q6).

308. Where required, the manufacturer should establish and maintain clean condi
tions during manufacture to prevent ingress of extraneous matter and the introduction 
and use of incompatible materials.

309. Pro' s, inspection and test procedures used during manufacture should be 
developed and imj aented by the manufacturer to ensure conformance with the
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necessary requirements. These procedures may require the approval of the responsi
ble organization prior to the commencement of work.

310. Where necessary, inspection and test plans for items should be developed at the 
earliest time consistent with the schedule for accomplishing the activities. The inspec
tion and test plans should incorporate, as appropriate, a flow chart or sequential nar
rative listing of all processes, procedures, work instructions, tests and inspections to 
be performed in the manufacture and acceptance of items. If inspection and test plans 
are used they should indicate the hold points of the manufacturer, the regulatory body 
and/or the purchaser; work should not proceed beyond these points until the required 
action has been taken and the confirmatory documentation generated and accepted. 
Such plans should also show any optional witness points for which advance notifica
tion is required.

311. There are several types of format for an inspection and test plan, for example:

— Flow chart indicating inspection activities and their location in the manufacture 
cycle;

— Tabulated schedule indicating requirements for manufacture, inspection and 
test activities, and quality records with provision for noting stage acceptance.

For further guidance on inspection and test plans see Safety Guide Q4.

4 . ID E N T IF IC A T IO N  A N D  C O N T R O L  O F  IT E M S

401. The manufacturer should implement suitable means for identifying items at 
receipt and during all stages of manufacturing, delivery and installation. Special 
aspects for the identification of fuel assemblies is given in the Annex.

402. Where traceability is required, unique identification of individual items or 
batches should be made and recorded.

403. Items that deteriorate with age should be clearly marked to indicate shelf-life 
limits.

404. When parts are stored as subcomponents or subassemblies awaiting final 
assembly, care should be taken to maintain identification.
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5 . C O N T R O L  O F  M A N U F A C T U R I N G
E Q U I P M E N T

501. Manufacturing equipment should be maintained as necessary and in accordance 
with the suppliers’ recommendations. The frequency and extent of the periodic main
tenance applied to any equipment should be such that the equipment performance 
characteristics are held within specified limits.

502. Where special equipment such as tooling, jigs, fixtures, unique inspection 
gauges, computers and computer software are required to aid the manufacturing 
process, these should be properly qualified or validated for use as required, and their 
application known to those carrying out the activity.

503. Measuring and test equipment which is used for in-process or final inspection 
and test of an item, or to control any process parameter, should be controlled in accor
dance with the guidance given in Safety Guide Q4.

6. H A N D L IN G , S T O R A G E , P A C K A G IN G , 
P R E S E R V A T IO N  A N D  D E L IV E R Y

601. The responsible organization should ensure that the manufacturer has proce
dures covering the handling, storage, packaging, preservation and delivery of the 
item(s).

HANDLING

602. Methods of handling items to prevent damage or deterioration shall be used. 
Proper care should be taken in handling of items during receipt, manufacture, assem
bly, inspection, test and delivery, particularly where special precautions are required 
for reasons such as weight, size, cleanliness, temperature conditions or other environ
mental conditions. Handling equipment should be inspected and tested periodically. 
Special aspects concerning the handling of fuel assemblies is given in the Annex.

603. Protective devices (for example cartons, containers), handling equipment (for 
example hoists, manipulators) and transport vehicles should be considered for use 
where handling operations are of a nature likely to cause damage.
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STO R A G E

604. Designated storage areas or stock rooms should be used to prevent damage or 
deterioration of items pending use or delivery.

605. Methods of authorizing receipt to and dispatch from such areas should be uti
lized.

606. The condition of items in storage should be assessed to ensure that items are not 
deteriorating.

PACKAGING

607. Packaging and marking should be used to the extent necessary to ensure an item 
conforms to the specified requirements.

608. Packaging should ensure that an item does not become damaged, lost or deteri
orated in transit, upon arrival or when in storage at the nuclear power plant.

PRESERVATION

609. Preservation methods and segregation of items should be applied where neces
sary to ensure that items do not deteriorate, become damaged or lost.

610. Preservation and packaging activities should ensure that items do not deterio
rate in storage through exposure to air, moisture or other environmental conditions.

DELIVERY

611. Items being prepared for delivery should be preserved, packaged and identified 
to prevent damage, deterioration or loss. The manufacturer should be required, before 
delivery, to check that:

— items to be delivered have met all specified requirements, and the necessary 
documents such as records, release documents and delivery clearances are 
available;

— items have been preserved and packaged in accordance with applicable con
tractual requirements and specifications;
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— items and packaging have been properly identified as to content;
— where specified, devices (such as accelerometers) for recording conditions and 

events during shipment have been included in the packaging;
— provisions including instructions for handling and storage during transit and 

after receipt at destination, and for the installation and use of items at the des
tination, are available as appropriate and their location is indicated.

The Annex provides guidance on some particular aspects that should be considered 
when shipping fuel assemblies.
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A n n ex

SOME SPECIAL ASPECTS RELATING TO 
THE MANUFACTURE OF NUCLEAR FUEL

EXAMPLES OF PROCESSES REQUIRING CONTROL AND QUALIFICATION 

Manufacturing

—  Fuel end plug and structural welding
— Heat treatment
— Plating, coating or bonding
— Autoclaving and electropolishing
— Gas filling
— Preservation of fuel pellet integrity, including sintering
— Fuel pellet loading into fuel pin/rod
— Fuel cladding.

Quality verification

— Ultrasonic testing
— Eddy current testing
— Liquid (dye) penetrant testing
— Radiographic testing
— Helium leak testing
— Gamma or neutron scanning of fuel rods
— Destructive testing of fuel samples, as appropriate
— Special methods for dimensional checking.

EXAMPLES OF MANUFACTURING CONTROL AND FUEL ASSEMBLY
* IDENTIFICATION

The manufacturing, including rework and repair of fuel assemblies, should be 
done in accordance with approved technical requirements. Special consideration 
should be given to the following:
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C o n tro l

(a) Fuel processing control
Control of fuel material conversion and fuel production with respect to enrich
ment, homogeneity, chemical composition and contaminants, physical charac
teristics and dimensions.

(b) Nuclear poison control
• Control of poison materials with regard to their homogeneity and impurities, 

and control of rod manufacture with regard to physical characteristics and 
dimensions.

(c) Control of fuel cladding and coating
ControLof fuel cladding and coating manufacture with regard to chemical com
position, contaminants, mechanical and metallurgical properties, integrity, 
dimensions and corrosion characteristics.

(d) Control of support structure and associated items
Control of support structure and associated items, with regard to chemical com
position, contaminants, mechanical and metallurgical properties, dimensions, 
integrity and corrosion characteristics.

(e) Control of fuel rod/element manufacture
Control of fuel rod/element manufacture, with regard to fuel stack characteris
tics, hydrogen content, enrichment, end closure weld integrity, internal pres
sure, internal gas analysis and dimensions.

(f) Fuel assembling control
Control during fuel assembling, with regard to fuel rod identification, position
ing, dimensions (including the weight of the fuel assembly), weld integrity, 
cleanliness, surface condition and surface contamination by uranium.

Fuel assembly identification
A system of identification of fuel assemblies and, where specified, individual 

components and fuel rods should be agreed upon between the purchaser and the man
ufacturer, for the purposes of traceability, accounting, fuel management and feedback 
to the design process. Record retention periods should be agreed at the earliest prac
tical time. Measures should be instituted for implementing this identification system 
during all stages of processing, manufacturing and assembling of fuel.
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H an dlin g, s to ra g e , p ack agin g  an d  delivery

Packaging requirements should be established, and qualified where required, to 
ensure adequate protection of fuel assemblies during delivery, handling and storage.

Adequate care needs to be taken in the handling and storage of fuel assemblies 
during manufacturing, assembling and delivery. Items such as containers, protective 
devices, hoists, manipulators and transport vehicles should be qualified for their 
intended use. The mode of delivery and methods of handling should be consistent 
with the protection of the assembly and with the packaging methods employed, which 
should also meet applicable regulations such as the IAEA Safety Series No. 6 
(Regulations for the Safe Transport of Radioactive Material). The methods should 
include any requirements necessary to avoid the possibility of accidental criticality 
conditions during all the operations.
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
of the Code in relation to research and development (R&D) for nuclear power plants.1

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate QA programmes in each stage 
of a nuclear power plant project. This guide covers R&D work on items, services and 
processes impacting nuclear safety during siting, design, construction, commission
ing, operation and decommissioning of nuclear power plants. The impact on safety 
may occur during the performance of the R&D work, or owing to the application of 
the results of the R&D. The guide may, with appropriate modification, also be use
fully applied at nuclear installations other than nuclear power plants.

STRUCTURE

105. This Safety Guide is arranged into four sections and one annex:

Section 2 describes QA for the management responsibilities for R&D activities.

BACKGROUND

1 In  addition to  this S afety  G u id e, there are tw o S a fety  Standards on nuclear research  re a c

tor design and operation, IA E A  S afety  S e ries  N o. 3 5 - S I  and IA E A  S afe ty  S eries N o. 3 5 -S 2 , 

respectively.
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Section 4 describes QA for the assessment of R&D activities.
Annex is a flow diagram of a typical experimental R&D project.

2. MANAGEMENT
GENERAL

201. The objective and direct results of basic and applied research are the develop
ment of new knowledge or analytical studies (that may or may not have any known 
application to technological processes or products). The objective and direct products 
of engineering development are the development of prototype devices, new software, 
new testing methods, new or improved technological products or processes, or new 
industry standards that can be used in nuclear power plants. R&D activities have to 
be performed in a manner which provides assurance that safety requirements are ade
quately addressed. This should be accomplished by conducting the R&D work under 
an effective QA programme.

202. The starting point of an R&D project might be a hypothesis to be tested, a prob
lem to be solved, or the performance of an item to be improved, and there may be 
many possible solutions and technologies that could be used. A typical R&D project 
is described in the flow diagram of the Annex.

203. R&D organizations should consider applying the guidance given in the other 
QA safety guides to their facilities.

QUALITY ASSURANCE PROGRAMME

204. The responsible organization shall ensure that its QA programme is imple
mented for R&D activities important to safety by developing plans for each R&D 
project. The specialities of R&D as outlined in paras 201 and 203 and in the Annex 
should be taken into account.

205. For success in R&D work, managers at all levels should:

—  Cultivate and sustain an environment that fosters and encourages creativity, 
intellectual stimulation, innovation and collaboration;

Section 3 describes QA for the performance of R&D activities.
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— Require good work practices as the only acceptable way of performing and 
supporting R&D;

—  Lead by example and demonstrate personal commitment to continuous 
improvement;

—  Empower personnel at all levels in the organization;
—  Acknowledge excellence in performance;
—  Ensure that sufficient qualified resources are available and set priorities for 

their deployment;
—  Avoid overloading researchers with administrative tasks by providing adequate 

administrative support;
—  Ensure that intellectual property rights are preserved and protected.

For further guidance on establishing a QA programme see Safety Guide Ql.

GRADING

206. Nuclear safety shall be the fundamental consideration when identifying the 
items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized 
difference in the applications of specific QA requirements.

207. The following should also be considered in the grading process:

—  The intended end use of the knowledge, data, technological process or techno
logical product that will result from the R&D, particularly in terms of its 
impact on nuclear safety;

— The amount and nature of the materials to be used and the degree to which the 
work poses risks or hazards to personnel, the public and the environment;

—  The ability to demonstrate, test or repeat the results;
—  The scale and technical complexity of the activity and the facilities to be used;
—  Whether a new concept, a proven concept, or an extension to a new application 

is involved;
—  The managerial complexity of the activity, the involvement of multiple cus

tomers, multiple external or internal organizations, different objectives and 
responsibilities;

— The impact that missed milestones or delayed milestones will have on the 
schedule, the ease or difficulty of schedule recovery, the loss of key personnel 
and delays in recruiting new personnel, and in receiving critical equipment or 
making it functional;
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—  The extent to which other work depends on the results of the R&D project; 
— The expectations or desired performance of the results.

For further guidance on grading see Safety Guide Ql.

ORGANIZATION

208. Management should ensure that roles, responsibilities, authorities and inter
faces are clearly defined and understood, particularly between the functions of: (1) 
managing the resources necessary to support research work; (2) performing the 
research; and (3) carrying out assessments over the course of the R&D project. These 
relationships can be complex because some researchers may also have staff functions 
and carry out their different functions at different times. In every case, however, the 
functions of research and independent assessment should be organized so that they 
are clearly separated. Some researchers may be working at universities or at other 
institutions which are sharing an interest in the R&D project. In these cases, agreed 
methods of collaboration should be adopted.

RESPONSIBILITIES

209. Management should assign a principal investigator/researcher to be responsible 
for developing an R&D plan and for performing and/or supervising the work defined 
in the plan. The principal investigator/researcher may subsequently assign some or all 
of the work to other researchers, engineers or technicians. When work is assigned, a 
description of the roles, responsibilities and authorities for the work should be 
described in the R&D plan.

210. The management of the organization responsible for R&D should ensure that 
the roles, responsibilities and authorities for reviewing and approving R&D plans are 
defined. Reviewers should consider, for example, the technical direction of the work, 
user requirements, assumptions, resources and schedule implications.

211. Senior management should review the possible alternatives and document its 
decisions, justifying its choice of a specific direction and the rationale for eliminating 
alternatives.

212. Prior to the application of the results of any R&D work, the responsible orga
nization should ensure that the work results have been properly validated, the safety
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implications assessed, and approval obtained, if appropriate, from the regulatory 
body (see the Code 50-C-G (Rev. 1)).

INTERFACES

213. Interfaces should be described in the R&D plan and arrangements between the 
organizations performing work should be agreed to. For example, the following inter
faces should be addressed:

— Organizational interfaces at the start of the R&D work;
—  Interfaces between internal and external organizations during the R&D work;
—  Interfaces with similar R&D projects;
—  Interfaces at the end of the R&D work, such as those related to the use and 

application of the results.

For further guidance on interfaces see Safety Guide Ql.

TRAINING AND QUALIFICATION

214. Personnel shall be trained and qualified so that they are competent to per
form their assigned work and so they understand the safety consequences of their 
activities.

215. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work.

216. Training should also be provided commensurate with the hazards associated 
with the work being performed and with its nuclear safety importance. The principal 
investigator/researcher performing or assessing R&D for a nuclear power plant 
should have a basic knowledge of nuclear safety. For further guidance on training see 
Safety Guide Ql.

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

217. Management should establish a non-conformance control and corrective action 
process that distinguishes the difference in approach for the following:

—  Errors detected in data, calculations, reasoning, assumptions, programming, 
measuring;
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—  Differences between anticipated results, actual results and results from similar 
tests;

—  Failures or incidents during testing;
— Non-conformance with procedures and specifications.

218. Although procedures and specifications may be available at the start of the 
R&D work, controlled change and deviation from these procedures may occur often 
as a legitimate component of the conduct of R&D.

219. Deviations from expectations prescribed in the R&D plan should be recorded 
and analysed to determine if they are true non-conformances, or if they are improve
ments which actually benefit the R&D project. For further guidance on non-confor
mance control and corrective actions see Safety Guide Q2.

DOCUMENT CONTROL AND RECORDS

220. Procedures for the preparation, review, approval, issue, modification and con
trol of documents should be established.

221. A records system should be established which includes the arrangements and 
responsibilities for the categorization, receipt, indexing, storage, retrieval and dispos
al of R&D records.

222. Management should establish requirements for ensuring that all appropriate 
aspects of R&D work are adequately documented and recorded. This includes work 
from the initial conception and design of the R&D plan through to the conduct and 
analysis of the research results.

223. Laboratory and work notebooks and other recording methods should be used.

224. Entries in laboratory notebooks should be traceable to the work performed and 
developed to an adequate level of detail, and should be legible, complete and correct.

225. All appropriate laboratory notebooks, other records and the data from the R&D 
work should be retrievable and protected from loss or damage. For further guidance 
on document control and records see Safety Guide Q3.
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3. PERFORMANCE

301. The principal investigator/researcher should prepare an R&D plan that includes 
a written description of the proposed R&D work. The plan should describe the con
tent and extent of the R&D work to be performed and possible results, hypotheses and 
calculated predictions. The detail contained in the plan should be only as complex as 
the R&D project demands and should ensure that the work can be replicated by a 
qualified peer.

302. The R&D plan should incorporate user requirements and expectations, and 
should reference applicable technical standards. It should also describe or refer to the 
environmental, safety, health and regulatory requirements that apply, how they will be 
handled, and how funding and other resources will be made available for clean-up at 
the end of the project. The plan should include the expected or intended influence of 
the results on nuclear safety.

303. The R&D plan should describe the purpose of the work. It should also identify 
criteria that can be used to assess success or failure of the work and to indicate when 
it is completed. Hold points at which management (and/or peers) can review and con
sider these criteria should be included.

304. The R&D plan should provide a brief historical overview of the work. This 
should include references to publications that describe previous experiments, theo
ries, feedback from the users of the products of previous R&D work, or technologi
cal developments that have led to the work described in the R&D plan.

305. The R&D plan should contain a description of the basic conditions and of the 
relevant components of the experimental equipment/apparatus and their configura
tion. A description of any unusual or potentially problematic techniques, special tools 
and experimental methods that will be employed in the performance of the work and 
the way in which these will be handled, should also be included.

306. The R&D plan should describe how support and technical personnel having the 
necessary education, experience and skills will be assigned to perform the work.

307. The principal investigator/researcher should ensure that the R&D plan is 
reviewed and approved (see paras 210 and 211).

PLANNING AND PREPARATION FOR RESEARCH AND DEVELOPMENT
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308. The R&D plan should describe dependencies or relationships with other pro
jects or areas of R&D. If similar work is to be performed elsewhere, this should be 
stated together with a brief explanation of how the work could be co-ordinated.

309. The R&D plan should identify the proposed duration (term) of the work and 
how resources will be planned and allocated. Considerations are, for example, staff, 
graduate students, post-doctoral fellows, budgets and equipment.

310. The R&D plan should describe milestones and deliverables for the work, 
including, for example, the construction of items, scheduled evaluations and assess
ments, the development of technological processes or products, and the presentation 
of interim and final research results.

311. The R&D plan should describe the facility and equipment requirements for car
rying out the work and include:

—  An explanation of how the facilities will be used, the required location and 
gross floor area, and a brief description of the probable impact on the 
responsible organization’s services;

—  A statement of whether or not major modifications to existing facilities will be 
needed in order to perform the work;

—  A statement of whether outdoor work is required and, if so, its location and 
environmental impact;

— A description of the means of collecting and processing samples; if published 
techniques are to be used, they should be referenced;

— Identification of equipment and materials already in place to perform the work, 
and details of new equipment and materials that will have to be procured;

—  Preparation of commissioning procedures for new equipment.

For further guidance on procurement see Safety Guide 50-SG-Q6.

312. Sound engineering and scientific practices should be applied to the design and 
construction of the equipment/apparatus described in the R&D plan. The design and 
configuration of the equipment/apparatus should be documented. For further guid
ance on design see Safety Guide Q10 and Code on the Safety of Nuclear Research 
Reactors: Design, IAEA Safety Series No. 35-SI.

313. Sound engineering and scientific practices should be applied to the design and 
application of supporting computer software. The design assumptions, range of ap
plicability and user’s instructions should be documented. Performance criteria for 
software validation should be defined to ensure that the R&D goals are achieved.
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CONDUCTING RESEARCH AND DEVELOPMENT

314. All work performed as a part of the R&D plan should follow sound engineer
ing and scientific principles in order to ensure that goals are achieved.

315. The principal investigator/researcher should ensure that relevant documentation 
is available in a language appropriate to the users.

316. The items associated with the R&D plan should be properly stored and 
shelf-life limitations should be observed.

317. During the commissioning of the equipment/apparatus or prototype, the cali
bration and performance requirements of test, measurement and diagnostic equip
ment/apparatus should be defined to a level of detail that ensures that the R&D goals 
are achieved. Calibration and performance requirements for test, measurement and 
diagnostic equipment/apparatus should be maintained throughout the data gathering 
activities. For further guidance on calibration see Safety Guide Q4.

318. In the operation/data gathering stage, the principal investigators/researchers 
should ensure that the systems and subsystems of the experimental equipment/appa
ratus are functioning as intended. This includes, for example:

—  Visually or computationally monitoring the apparatus to ensure systems are 
operating properly, for example checking power supplies and devices that use 
gases and fluids, and are correctly calibrated;

—  Ensuring that the proper materials and chemicals are being used;
—  Monitoring performance against safety requirements;
— Monitoring data rates to ensure they are appropriate;
—  Ensuring that the data which will enable the researcher to achieve the research 

objectives are being recorded.

319. Personnel performing the R&D and support work should evaluate their own 
performance and look for ways to improve the quality of their work.

DATA ANALYSIS AND REPORTING

320. When analysing data for acceptability, researchers should define:
— The assumptions and the methods used;
—  The results obtained and the results used, so that competent experts can evalu

ate how the data were interpreted;
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— The methods used to identify and minimize measurement uncertainty;
—  The analytical models used;
— Whether the R&D results have been documented adequately and can be 

validated.

321. The final reports should describe, for example:
—  The results obtained, and their range of application and validation;
— The relationship of the results to previous publications, experiments, theories or 

technological developments;
— A description of the apparatus and the operations/data gathering activities;
—  A description of significant problems that occurred during the operations/data 

gathering activities;
—  A description of data analysis issues similar to those listed in para. 320;
—  A summary of the work performed, including conclusions, recommendations 

and a description of any possible impacts on safety objectives.

322. Management should review and approve the final research report.

4. ASSESSMENT

MANAGEMENT SELF-ASSESSMENT

401. Management self-assessment should be carried out in accordance with Safety 
Guide Q5.

402. Management, the principal investigator/researcher and researchers should 
assess the performance of the R&D plan to a level of detail that ensures that accept
ed practices are being employed and that objectives are being met. For further guid
ance on self-assessment see Safety Guide Q5.

INDEPENDENT ASSESSMENT

403. Independent assessments of the R&D plan should be conducted to evaluate 
progress towards achieving the defined performance objectives. For example, inde
pendent assessments should evaluate:
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— The success criteria defined in the R&D plan;
—  The achievement of scheduled milestones, including deliverables such as con

structing and testing equipment/apparatus and presenting interim and final 
research results;

—  The assessments performed by management;
—  The effectiveness of human and material resource management;
— The manner in which research activities are being documented;
—  The fulfilment of regulatory requirements.

404. Independent assessments should assess the adequacy of management’s support 
for the activities defined in the R&D plan, for example human, material and financial 
resources.

405. Independent assessments should evaluate how effectively organizational inter
faces are functioning for the work described in the R&D plan. For further guidance 
on independent assessment, see Safety Guide Q5.
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Annex

FLOW DIAGRAM OF A TYPICAL EXPERIMENTAL RESEARCH AND 
DEVELOPMENT PROJECT

The quality of R&D work and of the results depends on the precise definition 
of the objectives and internal and external user requirements, and on the clarity of 
insight of researchers in testing theory, extending the results of previous experiments, 
utilizing feedback from the users of previous research results and efficiently guiding 
their projects. The quality of the results can be gauged by the peer acceptance of new 
theories, the discovery or application of new physical effects, the development of 
solutions to problems, increased precision and accuracy in measurements, or by the 
effectiveness of the performance improvements that are developed.

R&D is quite different from, for example, designing, constructing or operating 
a nuclear plant. In these other functions, a precisely described result can be defined 
from the beginning and can be described in design specifications, process descrip
tions and procedures. Specifications exist for most materials, tests, inspections and s 
methods used in these processes. For example, the quality of manufacturing process
es can be determined directly and quantitatively by how well the products conform to 
specifications. In other words, the quality of the products of these manufacturing 
functions is determined by judgements on how well, and for how long, the products 
satisfy their intended use. However, while established procedures may be available to 
begin an R&D project, deviation from these procedures may occur often as a legiti
mate component of the conduct of R&D. Entirely new procedures are often developed 
through a process of trial and error. The creative and uncertain nature of R&D makes 
the knowledge and expertise of individual researchers essential to the quality of the 
work and the results. It also makes documenting the progress of R&D essential, 
because the described path will serve as a guide for others to follow, reproduce or 
avoid and will serve as a clear record of performance problems and their solutions.

The flow diagram (Fig. A .l) describes a typical experimental R&D project. 
While there are numerous ways to describe R&D processes, one way is to differenti
ate between three stages:

(1) The trial or scoping stage —  where arbitrary boundary conditions, for example 
in a test, are used to observe and identify the different parameters that can have 
influence on the phenomenon or problem area, and also the degree of their 
influence, in order to obtain indications as to the possible consequences this 
phenomenon could have. Most QA methodologies (other than correct and accu
rate documentation) are not necessary at this stage because nothing is known by 
the researcher. The creativity, inspiration and intuition that lead researchers to
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their first notions or first concrete ideas about the problem are the most impor
tant factors at this stage of R&D.

(2) The systematic investigation stage — where the relevant parameters from the 
first stage are identified and systematically investigated to determine the quali
tative and quantitative influences of the different parameters. Tests at this stage 
are normally performed by systematically varying one or more parameters 
under well controlled test and boundary conditions. Most QA methodologies 
will already play an important role at this stage of R&D since the establishment 
of the influences of different parameters and differing test conditions requires 
very specific knowledge and control of all the known parameters. These data 
must be adequately recorded so that they can be independently validated and 
reproduced by competent scientific peers.

(3) The data analysis and reporting stage —  where data have to be produced so that 
they can be used as the basis forjudging the adequacy of the measurements that 
were taken with respect to the phenomenon or problem that originated the 
investigation. The rigorous application of QA methodologies is necessary since 
the published data may be used in safety evaluations or as input to actual 
nuclear power plant conditions or systems.
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment on basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code), and complies with the require
ments of the Code 50-C-S (Rev. 1).

BACKGROUND

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
of the Code in relation to the siting stage of nuclear power plants.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate QA programmes in the siting 
stage of a nuclear power plant project and covers items, services and processes 
impacting upon nuclear safety. It may, with appropriate modifications, also be use
fully applied at nuclear installations other than nuclear power plants.

105. This Safety Guide relates to the siting stage of a nuclear power plant. The sit
ing stage overlaps with other nuclear power plant stages such as design, construction 
and commissioning. The responsible organization may establish separate organiza
tions for these stages or combine them under one organization. Whichever organiza
tional arrangement is utilized, the responsibilities and interfaces shall be clearly 
defined and understood.
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STRUCTURE

106. This Safety Guide is arranged into four sections and two annexes:
Section 2 provides guidance on QA for the management activities of siting.
Section 3 provides guidance on QA for the performance activities of siting.
Section 4 provides guidance on QA for the assessment of siting activities.
Annex I gives examples of siting activities which may require procedures.
Annex II provides guidance on design, testing, application and change control for 

computer modelling.

2. MANAGEMENT
QUALITY ASSURANCE PROGRAMME

201. The responsible organization shall develop and implement a QA programme 
which describes the overall arrangements for the management, performance and 
assessment of siting for the nuclear power plant. This programme should also pro
vide the means to ensure that all work is suitably planned, correctly performed and 
properly assessed.

202. The siting process generally consists of the following: site survey, site evalua
tion and site confirmation. The responsible organization is required to establish and 
implement a QA programme in order to ensure that studies, evaluations and analyses, 
and all siting activities important to safety are correctly performed and provide a con
sistent basis for making decisions.

203. Procedures shall be defined by the responsible organization for controlling sit
ing activities. Arrangements shall be made to ensure that these procedures are 
reviewed and approved before issue, and subsequent amendment of them is con
trolled. The responsible organization needs to consider the QA programme for siting 
as a long lead item so that it can be implemented when siting work begins. A list of 
examples of siting activities which may require procedures is contained in Annex I.

204. The responsible organization may delegate and/or require suppliers or other 
organizational units to develop and implement all or part of the QA programme, but 
shall retain overall responsibility for the implementation and effectiveness of the 
programme.
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205. In such cases, the supplier(s) or other organizational units should prepare QA 
programmes for the work for which they will be responsible and submit them to the 
responsible organization if required. Guidance on the documents required from the 
supplier for submission to the responsible organization and the timing of such sub
missions is given in Safety Guide Q6. For further guidance on the development and 
implementation of a QA programme see Safety Guide Q l.

GRADING

206. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized dif
ference in the applications of specific QA requirements.

207. The grading process should also consider the following:

—  The intended end use of the knowledge and data that result from siting activi
ties, particularly in terms of their effect on nuclear safety;

—  The ability to demonstrate, test or repeat results;
— The scale and technical complexity of the siting activity, whether it is a new or 

proven concept or model that is being applied, or an extension of a new appli
cation;

—  The managerial complexity of the activity, the involvement and co-ordination 
of multiple disciplines, work units or internal and external organizations, with 
divided or contingent objectives and responsibilities;

—  The extent to which other siting work, or later work, depends on the results of 
the siting activities;

—  The expectations or desired use or application of the results.

For further guidance see Safety Guide Ql.

ORGANIZATION

208. The responsible organization should formally appoint a person on its staff to be 
responsible for siting activities1. This person is usually called the project manager for 
siting.

1 In  so m e M em b er S ta tes  the appointed person  is  the head o f  the sitin g  organization .
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209. The project manager for siting should have the necessary resources within the 
siting organization to discharge the following responsibilities:

—  Ensuring that an effective QA programme is implemented;
—  Ensuring that siting work is carried out in accordance with requirements, 

procedures and instructions, including the implementation of specified 
requirements;

—  Ensuring that siting work undertaken, including work by service organizations, 
is co-ordinated, conducted and completed in accordance with planned pro
grammes of work.

210. The project manager for siting should ensure that tasks such as the following 
are carried out:

—  Preparing the work plan for siting activities,
—  Identifying specific work packages for siting,
—  Identifying required specialist services,
— Identifying disciplines needed in individual special teams,
—  Writing and reviewing interim phase reports,
—  Writing, reviewing and approving the final report,
—  Collating information on siting criteria.

INTERFACES

211. Since it is likely that the work could be shared between the siting organization 
and various specialist services and consultants, the organizational charts should show 
the parties involved, the interfaces between them and the lines of reporting and com
munication. Interface arrangements should be agreed between the siting organization 
and other organizational units performing the work. They should be defined in writing 
and should be included in procurement documents where appropriate. The following 
examples of interfaces should be addressed:

—  The siting organization and the responsible organization,
—  The siting organization and consultants and various specialists,
—  The siting organization and laboratories,
—  The siting organization and the principal designer,
— Specialist groups and the laboratories,
—  Between technical discipline units within the siting organization,
—  The siting organization and the regulatory body (see the Code 50-C-G (Rev. 1)),
—  The siting organization and local authorities.
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TRAINING AND QUALIFICATION

212. Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and understand the safety consequences of their activities, for 
example errors in the collection and analysis of data, the formulation of site charac
teristics and modelling.
213. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work. For 
further guidance on training see Safety Guide Ql.

PLANNING
214. Siting activities should be planned. Computer aided planning is desirable. The 
plan should define:

—  the siting activities to be performed in manageable units (work breakdown 
structure);

—  the planned sequential order and duration of these activities;
—  the resource allocation for each activity.

215. Whilst the siting organization shall retain responsibility for co-ordinating and 
planning the overall siting activities, suppliers should be responsible for producing 
detailed plans of the work that they will be carrying out and for obtaining the siting 
organization’s approval of these plans where necessary.
216. Planning should take into account requirements for studies, evaluations and 
analyses relative to site survey, site evaluation and site confirmation, and their safety 
importance such as:

—  The need for the identification, preparation and control of procedures and work 
instructions;

—  The need for special equipment, software or materials;
—  The need for competent personnel.

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

217. Management shall establish a non-conformance control and corrective actions 
process that defines how the following are to be dealt with:

— Errors in: data, data collection, recording or reporting; calculations, reasoning, 
assumptions and conclusions; software coding; and measuring.

—  Non-conformance with procedures and specifications.
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218. Procedures and specifications should be made available before the start of 
work on the gathering and analysis of data. Deviation from these procedures may 
occur as a legitimate component of the work process or the introduction of improve
ments as a result of experience gained during the execution of the tasks. In such 
cases the deviation from expectations should be recorded and analysed to determine 
if it is a true non-conformance and if so its acceptability on the basis of technical or 
scientific reasoning. For further guidance on non-conformance control and corrective 
actions see Safety Guide Q2.

DOCUMENT CONTROL AND RECORDS

219. Procedures for the preparation, review, approval, issue, modification and 
control of documents should be established.

220. A records system should be established which includes the arrangements 
and responsibilities for the categorization, receipt, indexing, storage, retrieval and 
disposal of siting records.

221. Sufficient records should be prepared and retained during siting work to enable 
the process to be repeated if necessary. Records should support final conclusions and 
permit tracing of results to source data and information. Permanent records for siting 
activities should be identified.

222. The following are examples of records which are generated during siting:

— The data collected and the results of studies, evaluations, analyses, observations, 
explorations, testing, measurements, monitoring, calculations and reports of 
conclusions regarding the accepted site.

—  Field and laboratory logs and test data, notebooks, drawings and sketches from 
field observations and explorations, soil samples and field notes on discussions 
with local experts.

— Records of field and laboratory checks and verifications; decisions on the need 
and method of filling information and data gaps.

—  The basis and justification for the final ranking of potential site areas.
— The reasons for rejection of unacceptable site areas.
—  The results of reviews and evaluations of siting activities.
—  The documents on evaluation of design basis parameters from observed data.

All such records and data should be retrievable and protected from loss or damage. 
For further guidance on documents control and records see Safety Guide Q3.
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HUMAN FACTORS

223. Suitable working environments shall be provided and maintained so that work 
can be carried out safely and satisfactorily without imposing unnecessary physical 
and psychological stress on the siting personnel.

3. PERFORMANCE

GENERAL

Sources of data

301. The data that should be collected during site survey, site evaluation and site
confirmation shall be specified.

302. Typically, the sources of data are:

(a) Current and historical documents. For example census, meteorological, seis
mological, survey records.

(b) Indirect exploration. Data or information inferred or calculated from indirect 
tests/data or mock-up investigations but collected for other purposes.

(c) Direct exploration. Data or information obtained from samples, from direct 
observations or from in situ tests.

(d) Laboratory testing. Data or information obtained from tests conducted on sam
ples obtained from direct exploration.

The following sources apply for site confirmation:

(e) Design and construction. Data or information from investigations conducted 
during design and construction.

(f) Commissioning. Data or information obtained while demonstrating the func
tional adequacy of plant components, systems and structures.

(g) Operation. Data and information from monitoring programmes, studies and 
tests carried out to ensure that characteristics essential to safety are maintained 
throughout the life of the nuclear power plant.
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Data format

303. The format and standards to be used for collecting, classifying and presenting 
the data should be decided and the decisions documented. The format and standards 
include, for example, scales, nomenclature, reference co-ordinates, dates, tables and 
diagrams.

304. The format should be consistent and should facilitate an easy comparison of 
results between sites. The format should allow for prompt identification of gaps in 
information.

305. Requirements should be specified for classifying, logging and reporting data 
from field activities (for example surveys, borings, excavations, data on soil, rock, 
water and meteorological conditions, and air samples and tests).

306. Tests, samples and field data should be identifiable in field logs and in other rel
evant reports. The work project number, sample number and type, and the location 
and date of sampling should be included.

Work procedures and instructions
307. Siting work should be performed in accordance with specified procedures and instructions.

308. The type and format of procedures and instructions can vary depending on the 
application involved and the normal practices of the organization performing the 
work. The primary consideration is to ensure that they are suitable for the people 
doing the work, and that they are accurate, clear, concise and unambiguous. For 
example, they may include checklists or refer to standards.

309. Work procedures and instructions should include:
—  The data to be acquired and their accuracy;
—  The test facilities and equipment to be used;
—  The method and the accuracy required of the equipment;
—  Prerequisites and preparations;
—  Methods for analysis and for analysing data;
— Requirements governing samples, including method, frequency, sample vali

dity, identification and source, handling, storage and analysis;
—  The method of recording and documenting the results (both field and 

laboratory).
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It may be useful to group the work procedures and instructions into separate procedures 
manuals for various siting activities. For further guidance on procedures and instruc
tions see Site Survey for Nuclear Power Plants, IAEA Safety Series No. 50-SG-S9.

Measuring and test equipment

310. Measuring and test equipment which is used for siting activities, data collec
tion, inspections and tests shall be of the proper type, range, accuracy and precision 
and be in good condition. For further guidance on measuring and test equipment see 
Safety Guide Q4.

Verification

311. Work performed during siting should be verified to confirm that it is correct. 
The type and extent of verification activity should be specified. Verification may 
include an independent check of methods and instruments for field and laboratory 
activities, and a demonstration of their proper use by the teams performing the work.

312. Verification planning should identify the activity to be verified and include, for 
example:

—  The extent of verification;
— The verifier, i.e. a peer, a review committee or a third party;
—  The method of verification and the reporting requirements;
—  The point in the work cycle where the verification is to be performed.

313. Verification methods include, but are not limited to:

—  Reviews and checks;
—  Alternative analyses;
— Laboratory and field testing;
—  Inspection and surveillance;
—  Prototype testing.

314. Documents which form part of, or support, siting decisions should be reviewed 
to confirm that they are correct and satisfactory, and are complete as to assumptions, 
support data and conclusions.

315. Calculations should be verified by alternative analyses. For this purpose sim
plified calculations may be used. If differences arise which substantially modify the 
final results and conclusions of the origional calculations, a more complete and
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thorough review should proceed. The analyses, assumptions, initial conditions, 
boundary conditions and results should be documented.

316. For field and laboratory activities, appropriate verifications should be specified.

317. Computer software used for analysing data and in the development, application 
and maintenance of computer models should be verified and validated prior to use.

Work planning

318. The siting activities should be organized and performed in such a way that rel
evant information will be found, collected and scrutinized. The most important factor 
that should be considered is the effect that will be caused by a siting work error, or 
equipment malfunction affecting the choice of site and subsequently the safety of the 
nuclear power plant.

319. Siting activities should be identified and planned so that they are carried out in 
the proper sequence. The methods by which the results and the supporting output 
documents are reviewed for acceptance should also be identified.

320. Siting activities should be planned to ensure that, for example:

—  data are adequate and are recorded correctly;
—  analytical techniques, equipment and instructions are used correctly;
—  data are correctly interpreted;
—  computer programs are adequate and are used correctly;
—  samples are collected, handled, shipped and stored properly;
—  samples are correctly and adequately identified;
— technicians and operators of instruments or equipment are adequately trained.

321. The project manager for siting should subdivide the overall siting work into dis
crete work packages. The scope of each work package and the individual team mem
ber or the organization carrying it out should be identified. When changes in scope 
are necessary and when all or portions of the work are to be reassigned, a change con
trol should be applied.

322. When specialist groups or organizations are assigned work, they should exam
ine the work packages in detail to ensure they understand the technical content and 
the objectives. Incomplete, ambiguous or conflicting information, data or results 
should be resolved with the siting organization.
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323. When field or laboratory testing is necessary, planning should result in the pro
duction of a test programme document and test procedures and. instructions for the 
performance of the tests specified. Detailed guidance should be prepared for choos
ing the number of samples to be taken, the location of the sampling points, and their 
vertical and horizontal spacing.

324. The test programme document should include, directly or by reference:

—  The tests or experiments to be performed and their general sequence,
— The objectives of the tests or experiments,
—  The testing criteria,
—  The reporting requirements.

Procurement

325. During siting, the procurement of services predominates over the procurement 
of items. The work that could be procured includes, for example, surveying and 
searching technical and scientific literature, collecting and reviewing historical data 
and evaluating their validity, and making field observations and measurements, hand 
and computer calculations, analyses, laboratory tests and monitoring.

326. The procurement of such specialist services may be carried out directly by the 
siting organization or it may be assigned to the project management team. In either 
case, responsibilities should be defined to ensure that a competent special service is 
selected and that the work is performed and assessments are carried out. For further 
guidance on procurement see Safety Guide Q6.

Input requirements

327. Requirements which have to be demonstrated in order to prove and support sit
ing concepts and conclusions, for example those related to design basis parameters, 
should be identified.

328. These requirements should be detailed to the degree necessary to provide a ref
erence for making decisions, interpreting data and verifying results.

329. The selection of these requirements should be subject to review and approval.
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Work control

330. Siting activities, including those associated with compiling, gathering and 
analysing the data and reporting conclusions and recommendations, should be con
trolled to ensure the results and the supporting documentation such as maps, draw
ings, photographs, calculations, field notes and historical information are traceable to 
their sources.

331. Good work practices which can influence the quality of data to be collected or 
analysed or which can influence the conclusions drawn from the data should be iden
tified and implemented. For example, the availability and the compatibility of the 
data are important in choosing the analytical methods and the models to be used, and 
for the reviews and analyses to be effective. Therefore, the precision, nature, time 
span and scope of the data to be collected should be specified beforehand.

332. Arrangements should be made to ensure that data and samples will be identi
fied from their point of origin to their final use in calculations and models and in sup
port of conclusions.

333. Documents containing data which have been interpreted, analysed or validated, 
experimental results, results from field measurements or tests, and other formal doc
uments which are produced during the data gathering and data analyses should be 
independently reviewed and checked.

334. Studies, evaluations and analyses should be documented in sufficient detail in 
terms of purpose, method, assumptions, data inputs, references and units, so that a 
person technically qualified in the subject can review, understand and verify the ade
quacy of the results.

335. Conclusions should be adequately documented to permit traceability to original 
input requirements, and to make it possible to study information, experimental data, 
field measurements, and models and their interpretation.

Computer modelling

336. The QA programme should be applied to the design, testing, application and 
change control of quantitative models used in siting, such as seismic models, hydro- 
logical models and dispersion models. It covers all codes, including modified ver
sions, used in mathematical modelling, numerical analysis, standard test-case data 
libraries, sensitivity studies, benchmarking against existing verified programmes or 
comparisons with alternative calculations or experience.
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337. Models should be developed in accordance with technically sound methods 
and practices. They should accurately reflect the acquired data and appropriately 
represent the system or subsystems. The data used for developing the models should 
be protected against loss, damage or destruction, and should be traceable to their 
source.

338. Some models may have already been validated for other circumstances; in this 
case the model can be validated for a particular new application by showing that the 
site characteristics are similar to those for which it has already been validated, or that 
any differences in the site characteristics will result in conservative results.

339. The validation will have a limited range of applicability. A thorough under
standing of the model is necessary to determine this range. For reliable results, there
fore, validation should only be applied in this range.

340. A sensitivity analysis should be performed to assess the potential uncertainties 
resulting from the use of the model, especially the more sophisticated models. Further 
guidance on modelling is given in Annex II.

Physical models

341. Physical laboratory models may be used mainly to test hydrodynamic and aero
dynamic processes. These models should be validated.

342. The models which are applied in the site selection and confirmation stages can 
vary from simple to complex. In many applications, simple models are satisfactory 
and the use of complex models is not required. When a simplified model conserva
tively represents an adequate basis for site selection, it should be preferred. The selec
tion of the model to be used should be justified.

343. The selection of input parameters and the adjustment of models to fit specific 
situations can depend on the characteristics of the site and its region and on certain 
design features of the plant. It is particularly important, therefore, that the limitations 
of the model be determined and specified.

344. The validity of the model to be used should be determined so as to ensure that 
the site evaluation procedure is adequately conservative. If for a typical application of 
a selected model no validation has yet been performed, the model must be validated 
or the potential for errors evaluated and taken into account.
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Collection of data

345. Data should be acquired according to technically sound methods and practices, 
to ensure that they are protected against loss, damage or destruction, are traceable to 
source and are readily retrievable.

346. As the specified data are collected, the sources should be rigorously recorded. 
Attention should be paid to cross-references. Accurate characterizations of the data 
should be used, for example estimated values, extrapolated values or unrecorded infor
mation from local specialists. When contradictions in data collected from more than 
one source arise, they should be explained and a decision taken on the basis of techni
cal judgement, experience, safety consequences and the authenticity of the source.

347. The data should be developed into a coherent, well documented description of 
site characteristics. Lack of confidence in the quality of the data, i.e. in their accura
cy, applicability, completeness or quantity, may preclude their use. In such cases a 
pragmatic approach should be used, based on expert judgement. The use of such data 
should be declared, justified and authorized.

348. If statistical data on a national, continental or worldwide basis are used, the val
ues obtained should be examined to determine whether or not they need to be adjust
ed to compensate for unusual characteristics of the site and its surroundings. Where 
the available information is insufficient, it will be necessary to perform field and lab
oratory investigations.

349. The availability, precision, nature and scope of data to be collected should be 
compatible with the methods and models in which they will be used.

Reviewing data, calculations and results

350. As the data are collected they should be checked for accuracy, applicability and 
completeness. Checks should also be performed to ensure that the data have been 
accurately transcribed.

351. Critical reviews of reports, analyses, calculations and other output documents 
should be carried out by persons who were not involved in performing the work. The 
reviews should determine if the objectives of the preliminary report have been met 
and if the results are acceptable and were concluded on the basis of sufficiently 
accurate and complete data which were analysed according to specified scientific 
procedures.
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352. Persons should be assigned to perform these reviews. A possible arrangement 
for integrating such reviews is to establish a siting review committee. This commit
tee should include the project manager for siting and specialists in the discipline to be 
reviewed.

353. Reports of these reviews should be submitted to the siting organization. Any unre
solved deficiencies revealed by the reviews should be handled in accordance with the 
procedures for non-conformance control and corrective actions (see paras 217 and 218).

Analysis of data

354. The data should be compiled, critically examined and analysed in an organized 
manner. Attention should be given to:

—  data that can have direct influence on the acceptability of a site;
—  data that can substantially influence the design basis criteria of a site;
— ensuring that the precision, nature and scope of the data are compatible with the 

methods and models in which they will be used;
—  ensuring that the information collected is complete, reliable and relevant for 

reviewing safety considerations.

355. Conclusions should be sufficiently documented and traceable to the original 
information and data, including any interpretations of these.

356. Where a choice of analytical methods is possible, the reason for the choice fol
lowed should be substantiated. The limitations of each method should be determined.

357. Where not all the information necessary to form conclusions is available, such 
limitations and gaps in the data should be clearly identified. The need for, and the 
method of, filling gaps should be assessed.

358. When analysing data for acceptability, reviewers should define, for example:
—  The statistical methods to be used for the analysis of results;
—  The assumptions and methodologies used for the analysis of data so that com

petent peers can evaluate how the data was interpreted;
—  The methods used to identify and minimize measurement uncertainty;
—  The sensitivity of results due to variations in data.

359. At the pre-operational stages of a nuclear power plant, additional measurements 
may be required to confirm the values used in the design basis and, if necessary these 
should be identified and communicated to the responsible organization.
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360. The limitations of the data and the uncertainties of estimates derived from the 
data should be determined and considered in the analysis. In the analysis of data, an 
understanding of the degree of validity to be given to field measurements should be 
obtained.

361. Analysts should ensure that their results and the methods they use can be fol
lowed, reproduced and evaluated by competent peers. They should define, for 
example:

— The statistical methods used;
— The assumptions and the analytical methods used;
—  The methods used to identify and minimize measurement uncertainty;
—  The initial conditions, boundary conditions and constraints applied.

Output documentation and reporting
362. Data, analyses, calculations, tests and reviews, proposals, recommendations, 
conclusions and decisions regarding siting should be documented to allow for evalu
ation.

363. Where not all the information necessary to finalize conclusions is available, 
such limitations should be identified.

364. Output documents should discuss the identified input requirements in such a 
way as to demonstrate that the relevant aspects have, or have not, been considered 
and have, or have not, been proven.
365. Reports describing the intermediate and final results in different areas of inves
tigation, and an analysis of them, should be prepared and transmitted to the appropri
ate management. The reports should describe such items as:

—  The relationship of the results to previously known information, tests or 
theories;

—  A description of the data gathering activities;
—  A description of significant problems that occurred during data gathering activ

ities, studies, analyses and testing;
—  A summary of the work, including considerations, conclusions and recommen

dations.
366. Field reports should cover all results and observations called for in instructions 
and should include the following:

—  The applicable procedure or instruction used;
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—  All pertinent data and notes;
—  Data, results and observations in the form specified (for example tables, curves, 

narrative);
—  Discussion of significant conditions encountered, errors introduced and the 

accuracy of results.

367. In addition to the above, laboratory reports should also include the identifica
tion of the activity or test performed, the equipment used, the sample tested, the date 
of the test, and the procedure used.

SITE SURVEY 

Preliminary report

368. A site survey should be carried out to identify one or more sites that would 
probably be suitable for detailed characterization later in the siting process. Site sur
vey activities are generally limited to the collection, compilation and analysis of 
available data in the region of interest.

369. Before the site survey begins the preliminary report should be written, reviewed 
and approved. Details on the contents of the preliminary report are given in Site 
Survey for Nuclear Power Plants, IAEA Safety Series No. 50-SG-S9.

370. The preliminary report should be used by the survey team members as a refer
ence for writing each individual interim report at the completion of each phase.

Survey plan

371. A site survey plan should be developed and should include, for example, the 
following:

—  The procedure to be used for the site survey and the proposed separation into 
phases, for example regional analysis, screening, comparison and ranking;

—  The site characteristics to be considered;
— The data required (the type and degree of comprehensiveness);
—  All possible sources of required data;
— The approach (parallel or serial) to be used for collecting data;
—  Provisions for checking and reviewing results and calculations;
—  Provisions for collecting information from sources known only to local experts;
— The identification and description of the tasks to be performed;
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—  Diagrams showing the sequence of the various tasks;
— The methods and criteria to be used for performing regional analyses and for 

screening, comparison and ranking;
—  An outline of procedures for applying these criteria and a list of sources of 

information needed for their application;
—  Key events and requirements for interim reporting after each identified phase.

Final survey report

372. The final survey report should be comprehensive and clear as to its intent and 
its conclusions.

373. The final survey report should contain the complete results and an analysis of 
them. It should contain, for example, the following:

—  A clear presentation of the data, the procedures and considerations and recom
mendations;

—  Limitations or uncertainties of the data, analyses, computer programs and pro
cedures;

— A complete description of the region studied;
—  A comparison of the sites investigated;
—  The reasons for rejecting unacceptable sites;
—  The preferred candidate sites.

SITE EVALUATION AND SITE CONFIRMATION 

General

374. During the site evaluation, all of the sites selected during the survey phase 
should be studied in sufficient detail so as to permit selection of one which is suitable 
for the construction and safe operation of a nuclear power plant. To do this, the site 
evaluation phase must produce information to provide reasonable assurance that site 
conditions are good enough and sufficiently well understood to permit engineering 
solutions of actual or potential problems. The site related design bases are deter
mined during this period. The reviews that are carried out are more detailed. They 
in turn require more detailed information about the sites as well as elementary infor
mation about the design of the nuclear power plant, including, for example, its basic 
safety features. Where existing data are inadequate, supplementary data from field 
explorations and laboratory testing and modelling should be obtained.
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375. During the site confirmation the characteristics of the site chosen should be 
completed and monitored. In general, it includes further studies and investigations 
which are carried out after the start of construction and carried on into commission
ing and operation. Parameters which have been estimated during site evaluation are 
often verified through measurements during site confirmation.

376. The collection of data should continue throughout the construction stage and 
should be required during operation to verify information obtained prior to construc
tion and to gather additional data which are available only after excavation has begun.

Preparations for fieldwork

377. Fieldwork includes, for example, surveying, experiments, boring, test excava
tions, trenching, seismic monitoring, geological investigations (both site and region
al) and testing of model structures.

378. To obtain a complete understanding of site characteristics, it is necessary to 
select the correct locations for carrying out fieldwork. If instrumentation is to be used 
or installed, its position and exposure may be important for obtaining representative 
data. Monitoring frequencies and recording times should be determined and speci
fied.

379. Before any equipment is installed on the site, the site terrain should be exam
ined to ensure that the positions selected will provide data which are as representative 
and as complete as necessary.

380. When drilling is to be performed, requirements should be specified for the 
appropriate abandonment and sealing of boreholes and wells and for recording their 
location.

381. When sampling is to be performed, the methods, places and size should be cho
sen on the basis of information required. Existing standards or guides should be 
checked for their applicability.

Field and laboratory work

382. Arrangements should be introduced to ensure the accuracy of surveying results, 
since most subsequent analyses, results and interpretations related to safety are based 
on surveying data.
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383. Checks of the surveying activities should be conducted during the work to 
ensure satisfactory performance. Records of survey activities should be maintained.

384. Field sampling, in situ and laboratory testing, and the collection, classification, 
logging and reporting of relevant field and laboratory data should be performed in 
accordance with appropriate procedures or instructions specific to the activity.

385. Testing methods and laboratory practices should be in accordance with standard 
and nationally recognized methods unless specially developed methods are specifi
cally required.

386. When unusual circumstances are encountered, they should be recorded and 
reported. Adequate checks should be specified and conducted while the work is in 
progress to ensure that work is performed according to requirements.

387. Field and laboratory equipment should be maintained in good working order. 
Such equipment should be checked before, during and after the performance of relat
ed activities to ensure accuracy.

388. During the performance of fieldwork, controls should be implemented to 
ensure, for example, that:

—  The location of a measurement or of an item such as a geological feature is 
accurately recorded;

—  The type and number of borings, excavations, geophysical and geological sur
veys, and samplings of soil, rock ground, water and air are identified;

—  Proper sample handling, storage and shipping methods are used to prevent dis
turbance or changes in properties or in data.

Similarly, during laboratory work, the preservation of sample integrity and identifi
cation should be maintained.

4. ASSESSMENT

MANAGEMENT SELF-ASSESSMENT

401. Management self-assessment should be carried out in accordance with Safety 
Guide Q5.
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INDEPENDENT ASSESSMENT

402. Typical subjects to be addressed by independent assessment during siting are:
—  Interfaces
— Work planning for field activities
—  Methods for handling errors and non-conformances
— Traceability of data
—  Specifications for data format, work instructions, field samples and output 

documents
—  Selection and monitoring of special service organizations
—  Conduct of field and laboratory work.

For further guidance on independent assessment see Safety Guide Q5.
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Annex I

EXAMPLES OF SITING ACTIVITIES WHICH 
MAY REQUIRE PROCEDURES

—  Establishment of requirements for the site survey report.
—  Development and approval of the site survey plan.
—  Selection of specialist services.
—  Monitoring of specialist services.
—  Establishment of requirements for the final siting report.
—  Planning, assignment and control of work.
—  Collecting, protecting and maintaining traceability of data.
—  Establishment of the format of data.
—  Analysis of data and documenting conclusions.
—  Laboratory procedures.
— Establishment of requirements for test samples.
—  Model development and validation.
— Changing data and changing conclusions.
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Annex II

DESIGN, TESTING, APPLICATION AND CHANGE CONTROL 
FOR COMPUTER MODELLING

PLANNING

A l. Planning should result in identifying the data required, the systems and subsys
tems to be modelled, the modelling methods, and the activities required to select, 
develop, verify and validate the models.

A2. During planning the need for the following should also be identified:

— The analyses and reviews to be performed;
—  Phenomena which have a bearing on the final outcome of the selection of the 

site including the phenomena which could change the state of a system;
—  Emphasizing the use of real data as far as possible, and indicating when real 

data are not used;
—  Model selection and development;
—  Verification requirements (verification plan);
—  Validation requirements (validation plan);
— Sensitivity requirements;
—  Uncertainty requirements.

WORK CONTROL

A3. Standardized methods or instructions should be used for:

—  Selecting the modelling approach,
—  Developing a model,
—  Verifying the model,
—  Validating the model or determining the potential for errors,
—  Correcting errors and non-conformances,
— Performing sensitivity investigations,
—  Performing uncertainty estimates.

A4. The source of the data used to develop or to select the model should be identi
fied and maintained. Examples of sources are: existing data files, literature, labora
tory experiments, tests and field observations. This link should be preserved.
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A5. Arrangements should be introduced to ensure that analytical methods are ade
quate and, for example, that:

—  processes are expressed in quantitative mathematical form;
—  data exist to evaluate physical constraints and boundary conditions;
— the system to be modelled is well characterized;
—  there is a suitable linking of models so that evaluations can be performed reli

ably when specific models are integrated;
—  consistent assumptions are applied through all models;.
—  there is the required independence of the state of the system to be modelled.

MODEL SELECTION

A6. Because of the continual evolution of models, they need to be evaluated care
fully before actual application. An accepted process and technical judgement are 
needed in selecting the modelling approach. All basic assumptions should be care
fully analysed, with due account taken of the specific features of the siting area.

A7. The final selection of the model to be developed, or to be used, should be 
reviewed and approved. The justification should show that the model will adequate
ly represent the system or subsystem and is appropriate to the current stage of the 
siting analysis. The justification of the selection should be documented.

A8. If the development of a model is required, phenomena which are decisive to the 
final results and conclusions, including those which comprise the whole system, its 
components and interrelationships, should be reviewed and approved prior to model 
development.

A9. Phenomena which could change the state of the system and phenomena which 
will make a significant contribution to the overall radiological impact should be iden
tified.

A10. To ensure that the model selected is adequate for the application, the review and 
approval process should include:

—  The model possibilities available for a particular analysis.
—  Development processes, including verification and validation histories.
—  Inherent assumptions and limitations, including simplifications to obtain 

solvable expressions.
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—  Sensitivity to various ranges of input data and coefficients.
—  Stability characteristics due to numerical dispersion or oscillatory solution 

effects.

MODEL DEVELOPMENT

A ll . When a new model is to be developed, the requirements identified during plan
ning should be followed.

A12. A development plan should define the development sequencing, the reviews, 
verification and validation that are to be performed.

A13. When a subsystem analysis is necessary, a strategy and specific criteria for the 
selection of subsystem models should be identified and subjected to review and 
approval. Confirmation that these criteria have been satisfied should be recorded.

A14. Where long term behaviour is an essential element of the model, the correlation 
between theory and experiment should be documented.

A15. Inefficiencies and instabilities which could introduce inaccuracy if the applica
tion required coupling of models should be prevented.

A16. Changes to models due to increased knowledge of the system, or resulting from 
conditions not considered early enough in development or during development, 
should be controlled and should be subject to the above requirements.

MODEL SENSITIVITY

A17. The sensitivity of model calculations to input variation should be investigated. 
The method to be used should be specified. The models should be verified prior to 
investigations of their sensitivity.

A18. The strategy, technique, sample size, analyses and results should be reviewed to 
confirm that they are appropriate and accurate.

UNCERTAINTY ANALYSIS

A19. All causes of uncertainties in the data and analyses should be identified and 
quantified.
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A20. The method of performing the analysis and presenting the results should be 
specified.
A21. Reviews should be performed to confirm the adequacy of the method and the 
accuracy of the results and conclusions.

MODEL VERIFICATION

A22. A method for carrying out model verification should be developed. The extent 
of verification should be determined during planning and should be performed by 
individuals other than those who developed the model being verified.

A23. The verification should confirm and demonstrate that:
—  the model or corresponding computer program is a proper mathematical repre

sentation of the conceptual model;
—  the equations have been correctly encoded and solved;
—  the programme functions correctly under the set of conditions that bound its 

intended usage.

A24. Verification should include:
— In-process and final checking of the computer program during and after devel

opment to ensure that it is correct. The method of checking should be subject 
to approval;

—  Comparison of the computed results with problem solutions. Formal testing 
should be conducted using problem sets described in the test plan.

A25. If another computer program is to be used for verification, it too should have 
been subjected to verification.

A26. The verification plan should contain:
— the model attributes to be tested,
—  the type of test to be performed,
—  the acceptance/rejection criteria,
—  requirements for recording results and test history.

MODEL VALIDATION

A27. A thorough understanding of the model and its range of applicability should be 
obtained and where possible the expected level of error determined and recorded.
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A28. The requirements that have to be satisfied to demonstrate that the model and 
computer programs derived from it provide a good representation of the real process 
should be determined and specified in a validation test plan.

A29. The test plan should identify the validation method, for example comparison 
with field and laboratory data or comparison with natural systems, and should define 
the model features to be tested and the data to be used to test them. After validation, 
a programme of investigation should be carried out at the candidate site to determine 
key model parameters for matching the model to the site.

A30. Descriptions for each validation test case should be prepared and reviewed for 
approval. This review should ensure also that an appropriate method of collecting the 
data is specified. Persons conducting these reviews should be independent of those 
carrying out the work.

MODEL REVIEW AND UPDATE

A31. Models should be reviewed at specified intervals and updated and revalidated 
as required.

A32. The review process should ensure that the models represent the latest field data 
and laboratory results, and represent the current revision of the system or subsystem 
during modelling.

CHANGE CONTROL

A33. The integrity and configuration of the model should be maintained and protect
ed by identifying and controlling model software components and changes to the soft
ware and the supporting software documentation.

A34. Arrangements should ensure that:

— it is understood at what point in the development a component becomes subject 
to configuration control;.

—  program components are identified;
— proposed changes to components receive the same level of review as originals 

and are handled comprehensively and accurately;
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— approved changes are introduced and circulated with corrected documentation 
and program changes;

— the program and supporting documentation is verified and the program is re
validated.

TRACEABILITY OF DATA

A35. The source of data which, when used in modelling, will affect or support con
clusions on siting should be retained throughout the development of the model. 
Intermediate iterations and the final model should be traceable to and supported by 
the acquired input data.

A36. Adequate cross-referencing to specific data should be provided. The data for
mat should be such that it can be reviewed and checked.

RECORDS

A37. The following are examples of records and documents that should be retained:

— Justification of model selection,
—  Confirmation that selection criteria have been satisfied,
—  Experimental data related to the model,
—  Results of sensitivity and uncertainty analyses,
—  Reports showing that the required tests, verification and validation were 

performed,
—  Records which show what the current program version is.
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code), and complies with the require
ments of the Code 50-C-D (Rev. 1).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

BACKGROUND

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
of the Code in relation to the design stage of nuclear power plants.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate QA programmes in the design 
stage of a nuclear power plant project or in any other stage where design activities are 
to be performed. It covers items, services and processes impacting nuclear safety. It 
may, with appropriate modifications, also be usefully applied at nuclear installations 
other than nuclear power plants.

105. This Safety Guide relates to the design stage of a nuclear power plant. The 
design stage overlaps with other nuclear power plant stages such as siting, 
construction and commissioning. The responsible organization may establish sepa
rate organizations for these stages or combine them under one organization. 
Whichever organizational arrangement is utilized, the responsibilities and interfaces 
shall be clearly defined and understood and the status of the plant established at all 
times.
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106. This Safety Guide is arranged into four sections and two annexes:

Section 2 provides guidance on QA for the management activities of design.
Section 3 provides guidance on QA for the performance of design activities.
Section 4 provides guidance on QA for the assessment of design activities.
Annex I provides a list of examples of design activities which may require 

procedures.
Annex II provides a list of typical design inputs.

STRUCTURE

2. MANAGEMENT

QUALITY ASSURANCE PROGRAMME
201. The responsible organization shall develop and implement a QA programme 
which describes the overall arrangements for the management, performance and 
assessment of the nuclear power plant design. This programme should also provide 
the means to ensure that all work is suitably planned, correctly performed and 
properly assessed.

202. Procedures should be defined by the responsible organization for control of 
design activities to ensure that the design of the nuclear power plant fulfils specified 
requirements. Arrangements should be made to ensure that these procedures are 
reviewed and approved before issue, and subsequent amendment of them controlled. 
A list of examples of design activities which may require procedures is contained in 
Annex I.

203. The responsible organization may delegate and/or require suppliers or other 
organizational units to develop and implement all or part of the QA programme, but 
shall retain overall responsibility for the implementation and effectiveness of the 
programme.

204. In such cases, the supplier(s) or other organizational units should prepare QA 
programmes for the work for which they will be responsible and submit them to the
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responsible organization if required. Guidance on the documents required from the 
supplier for submission to the responsible organization and the timing of such 
submissions is given in Safety Guide Q6. For further guidance on the development and 
implementation of a QA programme see Safety Guide Ql.

GRADING

205. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized dif
ference in the applications of specific QA requirements.

206. The design activities which could be graded include:
—  The level and detail of analysis of design
—  The need for and level of design review and approval
—  The degree of verification of design
—  The controls applied to design change
—  The detail of design records and their retention times
—  The need for alternative calculations to be carried out
— The need to qualify or test the design output
—  The need for qualification tests for design.

For further guidance on grading see Safety Guide Ql.

ORGANIZATION

207. The responsible organization shall identify the principal designer who has 
responsibility for specifying the design requirements and for approving the design 
output on its behalf.

208. The responsibilities of the principal designer should include:
—  Defining the base requirement/specification
—  Involvement in design reviews
— Involvement in design verification
—  Approval of detail design
—  Review and approval of design changes during all stages
— Control of interfaces
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—  Review of relevant non-conformance applications 
— Review and approval of the QA programme.

INTERFACES

209. Interface arrangements shall be agreed between organizations involved in 
design activities. Interfaces that should be addressed are for example:
(1) Interfaces between technical disciplines within the design organization;
(2) Principal designer with:

—  siting organization,
— construction organization,
—  commissioning organization,
—  operating organization,
—  decommissioning organization,
—  regulatory body (see the Code 50-C-G (Rev. 1)).

210. Each organizational unit performing design work should identify and document 
its interfaces for managing the flow of information. Responsibilities should also be 
defined and documented to cover the preparation, review, approval, issue, distribution 
and revision of associated information across the interface. The flow of design infor
mation and the mechanism for the resolution of any problems should also be defined.

211. A mechanism should be established for communication and feedback between 
the principal designer and other organizations involved in the other stages of the 
nuclear power plant project such as siting, construction, commissioning, operation 
and decommissioning, to ensure their needs are taken into account. For further 
guidance on interfaces see Safety Guide Ql.

TRAINING AND QUALIFICATION

212. Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and understand the safety consequences of their activities.

213. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work. For 
further guidance on training see Safety Guide Ql.
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PLANNING

214. Design planning should take place at the earliest opportunity before the begin
ning of design activities. Plans should define the activities to be performed in 
manageable units (work breakdown and structure).
215. Plans used in design should include the following, where appropriate:

—  Scope of work, including work carried out by other organizations;
—  Design methods;
—  Software requirements (software to be developed or software codes to be vali

dated for use);
— Test requirements, including qualification tests, prototype, seismic, etc.;
—  Design review, verification and validation requirements;
—  Resource requirements;
—  Special training requirements;
—  Schedule of activities;
—  Points at which checks of the design process will take place and the frequency 

of such checks;
—  Inputs from safety, reliability, maintainability, human factors, standardization 

and other disciplines.

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

216. A system for the control of non-conformances and their corrective actions 
should be established following the guidance in Safety Guide Q2.

DOCUMENT CONTROL AND RECORDS

217. Procedures for the preparation, review, approval, issue, modification and con
trol of documents shall be established.

218. The process for the preparation, modification and control of design information 
should include:

—  Drawing office standards
— Standardized symbols
—  Identification systems
—  Indication of status
— Checking methods
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— Requirements for review and approval
—  Issuance, distribution and storage.

219. Design input documents and changes thereto should be controlled to ensure that 
current and appropriate documents are available for use such that:

—  individuals or organizations responsible for preparing, reviewing, approving 
and issuing documents and revisions thereto are identified;

—  the proper documents to be used in performing design activities are identified, 
including title, applicable revisions and date of issue, or any other relevant 
information that precisely identifies the document;

—  interfacing design documents (internal and external) are co-ordinated and 
controlled;

—  obsolete documents are removed from use.

220. Specifications and other design outputs such as installation, instructions and 
commissioning and test procedures should be controlled.

221. A records system should be established which includes the arrangements and 
responsibilities for the categorization, receipt, indexing, storage, retrieval and dispos
al of design records.

222. Record requirements should provide evidence that design activities have been 
adequately controlled and executed to ensure that the required safety is achieved. For 
further guidance on document control and records see Safety Guide Q3.

HUMAN FACTORS

223. Suitable working environments shall be provided and maintained so that work 
can be carried out safely and satisfactorily without imposing unnecessary physical 
and psychological stress on personnel.

3. PERFORMANCE
GENERAL

301. The design activities should be carried out in a logical planned sequence to 
ensure that the designed nuclear power plant can be safely sited, constructed, 
commissioned, operated and decommissioned.
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302. Design activities shall be performed in a controlled manner to ensure that 
specified requirements are correctly translated into design outputs, such as:

—  Design computer codes/basic plant design
—  Design specifications
—  Functional specifications.

303. Where analytical and process control computer software is used, appropriate 
measures should be provided for its verification and validation.

DESIGN INPUT

304. Design inputs (see Annex II) should be identified and documented. These 
inputs should be subject to review and approval by the principal designer. Any 
changes to design inputs should be identified, documented, approved by the designer 
and controlled in a timely manner.

305. Where incomplete, conflicting or unclear design input information is supplied, 
clarification should be obtained prior to commencement of design activities.

ANALYSIS OF DESIGN REQUIREMENTS

306. Analysis of design should be performed in order to confirm or clarify the design 
basis parameters given by the customer.

307. The analysis should address the general design criteria as specified in the Code 
50-C-D (Rev. 1).

308. Analysis should be sufficiently detailed and recorded to enable assessment by 
technical personnel other than those who carried out the analysis.

DESIGN MODELS

309. An important element for consideration in the design process should be the use 
of models, either physical modesl built to scale or computer generated images.

310. These models should be used in the design process as follows:

—  To enable the feasibility of the design of structures and layout of critical areas 
to be established.
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—  To provide a physical and visual aid in the control and allocation of space for 
equipment, pipework, services, separation and segregation of safety related 
plant components and systems, protection against and escape from hazards, and 
access for operation and maintenance.

—  To identify potential problems/fouls and interfaces between buildings and plant 
components and systems.

— To co-ordinate interfaces between design suppliers.
— To provide an aid to construction planning and operator training.

311. Where models are used, they should be subject to formal methods of change 
control to ensure they remain valid representations of the current configuration.

DESIGN REVIEW

312. At appropriate stages of the design, formal reviews of the design process should 
be planned, completed and documented. Participants in these reviews should include 
representatives of organizational units from the design organization concerned with 
the design stage being reviewed, and other personnel as required. Reviews may range 
from single person reviews to multi-organizational reviews.

313. The objective of the review is to provide assurance that the output documents 
will be correct and fully address the requirements (for example functional, safety and 
regulatory requirements, and industry codes and standards) of the design 
specification.

314. The scope and extent of the review should be determined by the principal 
designer. As part of the review it should be established that procedures have been 
followed, that designated personnel have participated, and that results are adequately 
documented and checked prior to the release of design documents.

315. The design review should anticipate and identify potential problem areas and 
inadequacies and initiate corrective actions to ensure that the final design meets the 
design intent.

316. In the design review certain basic questions should be addressed. These 
questions should include, but not be restricted to:

—  Were design inputs correctly selected and incorporated?
—  Have original design requirements been met?
—  Is the design output information complete?
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—  Were any assumptions made, are they adequately described and what is their 
basis?

—  Was an appropriate design methodology used and were designated design 
standards followed?

—  Were design procedures followed?
—  Is the design output reasonable when it is compared to the design input?

DESIGN VERIFICATION

317. Design verification (often referred to as independent design verification) is the 
process of reviewing, confirming or substantiating the design to ensure that design 
requirements have been satisfied. This verification should include, but not be 
restricted to:

—  Design process planning and performance
—  Design input requirements
—  Design interface controls.

318. Verification activities should be conducted as planned.

319. Design verification shall be performed and documented by competent individ
uals or groups who did not perform the original design, but who may be from the 
same organization. They should have access to all relevant information. Identification 
of checkers, verifiers and management personnel who give approvals shall be clearly 
indicated.

320. The extent of design verification should include such means as design reviews, 
use of alternative calculations or suitable test programmes. When establishing the 
extent of design verification in accordance with the graded approach, the design orga
nization should consider the importance of the items to safety, the complexity of the 
design and the similarity with previously proven designs.

ALTERNATIVE CALCULATIONS

321. Verification of the correctness of calculations or analysis should be achieved 
by comparing results with those obtained by alternative methods of calculation or 
analysis.
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322. On completion of the alternative calculation, reviews should be performed to 
confirm the appropriateness of assumptions, design input data, and the computer code 
or other method of calculation used.

323. The alternative method need not produce exactly the same result as the original 
calculation or analysis, but there must be no unresolved differences which are of 
significance to safety.

QUALIFICATION TEST

324. In certain circumstances design verification may be achieved by a suitable qual
ification test of a model or prototype.

325. Where a test programme is used to verify the adequacy of a design feature it 
should include suitable testing under the most adverse design conditions for the 
specific design features being verified.

326. Where testing cannot be carried out under the most adverse design condi
tions, testing may be permissible if the results can be extrapolated to the most 
adverse conditions; otherwise alternative methods of design verification should be 
applied.

327. Qualification testing should be performed at qualified testing facilities in accor
dance with procedures. The procedures should ensure that reference requirements and 
acceptance limits are prescribed and that the test configuration of the model or pro
totype is defined.

328. Test results shall be documented and reviewed by appropriate personnel to 
ensure that test requirements have been satisfied.

DESIGN VALIDATION

329. Design validation shall be carried out to confirm by examination and provision 
of objective evidence that the particular requirements for a specific intended use are 
fulfilled, and that the item conforms to defined requirements.

330. Design validation follows successful final design verification and should be 
performed on the final item under defined operating conditions, such as commission
ing or pre-operational testing.
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D E S IG N  C H A N G E  C O N T R O L

331. Design changes, including changes to requirements and those found necessary 
by manufacturing, construction, testing, commissioning, operation or decommission
ing experience, shall be controlled.

332. When design changes are made, the reason for the change should be 
documented.

333. Consideration should be given to the impact of these changes and the conse
quences to other design areas.

334. Design changes should be reviewed and approved either:

—  by the same group or organization responsible for the original design docu
ments;

—  other design organizations which have proven competence in the specific 
design area and have access to original design information documents;

—  the regulatory body, where appropriate.

335. Information concerning the changes should be transmitted to personnel or orga
nizations potentially affected by the change.

DESIGN OUTPUTS

336. Design output documents to be retained should typically include:

—  Technical specification and amendments
—  Design drawings
—  Safety evaluations
—  Design calculations and records of the checking of these calculations
—  Approved design change requests
—  Design reports
—  Design verification and validation reports
—  System descriptions
—  Technical analyses, evaluations and reports.
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4. ASSESSMENT

401. Management self-assessment should be carried out in accordance with Safety 
Guide Q5.

INDEPENDENT ASSESSMENT

402. Typical subjects to be addressed by independent assessment during design are:
—  Use of computers and software
—  Design reviews
—  Calculation control
—  Use of models
— Document control of design outputs.

For further guidance on independent assessment see Safety Guide Q5.

M A N A G E M E N T  S E L F -A S S E S S M E N T
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A n n ex  I

—  Calculations
—  Safety analysis
—  Design review
—  Design analysis
—  Design models, their use and review
—  Design change control
—  Design outputs, their format and control
—  Design verification
—  Design validation
—  Design planning
—  Design inputs
—  Design source data control
—  Configuration control
—  Drawing standards.

E X A M P L E S  O F  A C T IV IT I E S  W H IC H  M A Y  R E Q U I R E  P R O C E D U R E S
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A n n ex  I I

—  Basic functional requirements of the structure, system or component
—  Performance requirements
—  Applicable codes, standards and regulatory requirements, including the relevant 

issue, revision or addenda
—  Design conditions, such as pressure, temperature, fluid chemistry and voltage
—  Loads, such as seismic, wind, thermal and dynamic
—  Environmental conditions/effects
—  Interface requirements including definition of the functional and physical 

interfaces involving structures, systems and components
—  Material requirements
—  Mechanical requirements
—  Structural requirements
—  Hydraulic requirements
—  Chemistry or chemical requirements
—  Electrical requirements
— Electromagnetic compatibility
—  Layout and arrangement requirements
—  Fire prevention and protection requirements
—  Operational requirements and decommissioning requirements
—  Radiation exposure limits and radiation protection requirements
—  Control and instrumentation requirements
—  Reliability requirements
—  Test requirements
—  Maintenance requirements
—  Handling, storage and shipping requirements
—  Probabilistic safety analysis
—  Safety considerations-prevention of injury to personnel
—  Feedback of experience
—  Ergonomics considerations
—  Other requirements to prevent undue risk to the health and safety of the public.

T Y P IC A L  D E S IG N  IN P U T S
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known the Code).

102. Methods and solutions for fulfilling the basic r t M ‘remonts of the Code other 
than those set out in Safety Guides may be acceptable provided they resuit in at least 
the same level o f nuclear safety.

B A C K G R O U N D

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
o f the Code in relation to the construction stage of nuclear power plants.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate QA programmes in the 
construction stage of a nuclear power plant project or in any other stage where 
construction activities are to be performed. It covers items, services and processes 
impacting nuclear safety. It may, with appropriate modifications, also be usefully 
applied at nuclear installations other than nuclear power plants.

105. This Safety Guide relates to the construction stage of a nuclear power plant. 
The construction stage overlaps with other nuclear power plant stages such as design 
and commissioning. The responsible organization may establish separate 
organizations for these stages or combine them under one organization. W hich
ever organizational arrangement is utilized, the responsibilities and interfaces shall 
be clearly defined and understood and the status of the plant established at all 
times.
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106. This Safety Guide is arranged into four sections and one annexes:

Section 2 provides guidance on QA for the management activities of construction.
Section 3 provides guidance on QA for the performance activities of construction.
Section 4 provides guidance on QA for the assessment of construction activities.
Annex provides examples of construction activities which may require 

procedures.

S T R U C T U R E

2. MANAGEMENT

QUALITY ASSURANCE PROGRAMME

201. The responsible organization shall develop and implement a QA programme 
which describes the overall arrangements for the management, performance and 
assessment of the nuclear power plant during construction. This programme should 
also provide the means to ensure that all work is suitably planned, correctly 
performed and properly assessed.

202. Procedures should be defined by the responsible organization for control of 
construction activities at the site to ensure that construction of the nuclear power plant 
fulfils specified requirements. Arrangements should be made to ensure that these 
procedures are reviewed and approved before issue, and subsequent amendment of 
them controlled. A list of examples of construction activities which may require 
procedures is contained in the Annex.

203. The responsible organization may delegate and/or require suppliers or other 
organizational units to develop and implement all or part of the QA programme, but 
shall retain overall responsibility for the implementation and effectiveness of the 
programme.

204. In such cases, the supplier(s) or other organizational units should prepare QA 
programmes for the work for which they will be responsible and submit them to the 
responsible organization, if required. Guidance on the documents required from the 
supplier for submission to the responsible organization and the timing of such
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submissions is given in Safety Guide Q6. For further guidance on the development 
and implementation of a QA programme, see Safety Guide Q l.

GRADING

205. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized 
difference in the applications of specific QA requirements.

206. The construction activities which could be graded include:
—  Qualification of special construction processes and the personnel to carry them 

out
— Detail and need for inspection plans
—  Level of traceability
—  Level of in-process controls and need of hold points 
— Records and archived samples.

For further guidance on grading see Safety Guide Q l.

ORGANIZATION

207. The responsible organization should formally appoint a person on its staff to be 
responsible for construction activities.1

208. The appointed person should have the necessary resources within the construc
tion organization to discharge the following responsibilities:

—  Ensuring that construction and installation work is carried out in accordance 
with design specifications, drawings, procedures and instructions, including the 
implementation of specified QA requirements;

1 In some Member States the appointed person is the head of the construction 
organization.
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—  Ensuring that construction and installation work undertaken, including work by 
suppliers, is co-ordinated, conducted and completed in accordance with 
planned programmes of work;

—  Controlling access to the construction site.

INTERFACES

209. Interface arrangements should be agreed between the construction organiza
tion, suppliers and other organizational units performing the work. They should be 
defined in writing and should be included in procurement documents. Interfaces that 
should be addressed are, for example:

—  Construction organization with supplier
—  Supplier with test and commissioning personnel, or organization
—  Construction organization with operating personnel, or organization
—  Suppliers with subsuppliers
—  Construction organization with the principal designer2
—  Construction organization with siting organization
—  Interfaces between the construction organization and the regulatory body (see 

the Code 50-C-G (Rev. 1)).
210. Appropriate arrangements should be specified for the communication of quality 
problems or other matters requiring special attention. The form of communication 
should be specified. For further guidance on interfaces see Safety Guide Q l.

HANDOVER AND TRANSFER OF RESPONSIBILITIES

211. Provisions shall be made by the construction organization to control and co
ordinate the handover of completed works from one supplier to another and to those 
responsible for commissioning of the nuclear power plant in order to maintain the 
integrity of the completed works. These provisions should include the following 
steps:
(1) An orderly transfer of the responsibilities from the construction organization to 

the commissioning organization for components, systems, structures and their 
related records should be planned and implemented.

2 The principal designer has responsiblity for specifying the design requirements and 
for approving the design output on behalf of the responsible organization. Further explanation 
of the term “principal designer” can be found in Safety Guide Q10.
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(2) Documentation related to the transferred items should be reviewed by the con
struction organization for completeness and accuracy. Any non-conformance 
should be identified and resolved, and it should be ensured that the status of the 
items is clear.

(3) When the construction and commissioning organizations are satisfied that the 
transfer can be accomplished, a joint check should be carried out o f the trans
ferred items and the associated documents. Both parties should sign formally to 
indicate transfer of responsibilities.

For further guidance on the transfer of responsibilities from construction to commis
sioning see Safety Guide Q12.

TRAINING AND QUALIFICATION

212. Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and understand the safety consequences of their activities.

213. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work. For 
further guidance on training see Safety Guide Q l.

PLANNING

214. Construction activities should be planned. Computer aided planning is 
desirable. The plan should define:

—  the activities to be performed in manageable units;
—  the planned sequential order and duration of these activities;
—  the resource allocation for each activity.

215. Whilst the construction organization shall retain responsibility for co-ordinat- 
ing and planning the overall construction of the nuclear power plant, suppliers should 
be responsible for producing detailed plans o f the work that they will be carrying out 
and for obtaining the construction organization’s approval of these plans where 
necessary.

216. Planning should take into account requirements for site fabrication, installation, 
inspection and testing of structures, systems and components important to safety, 
such as:
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—  The need for the identification, preparation and control of procedures and work 
instructions;

—  The need for special equipment or materials;
—  The need for competent personnel;
—  Inspection or regulatory body hold points;
— The need for environmental considerations.

These requirements should be identified by examination of the specifications for 
structure, system and component design, procurement documents and drawings, and 
construction work plans and schedules.

217. This examination should ensure that all activities necessary for site fabrication, 
installation, inspection and testing have been identified, and that they can be accom
plished as specified.

218. The construction organization should confirm the adequacy o f construction 
methods with reference to the principal designer where necessary.

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

219. The non-conformances that are required to be reported to the construction orga
nization should be identified. For further guidance on non-conformance control and 
corrective actions see Safety Guide Q2.

DOCUMENT CONTROL AND RECORDS

220. Procedures for the preparation, review, approval, issue, modification and 
control of documents should be established.

221. A records system should be established which includes the arrangements and 
responsibilities for the categorization, receipt, indexing, storage, retrieval and 
disposal o f construction records.

222. Records should include all those which record the as-built condition of struc
tures, systems and components. For further guidance on document control and 
records see Safety Guide Q3.
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IN D U S T R IA L  S A F E T Y

223. A policy reflecting Member State industrial safety regulations should be estab
lished for all personnel, including suppliers and visitors, and should refer to the rules 
and practices that are to be adopted. The policy should include arrangements for the 
effective planning, organization, monitoring and review of the preventive and protec
tive measures.

224. Management should provide support, guidance and assistance for construction 
personnel in the area o f industrial safety.

225. Construction personnel should understand how the industrial safety programme 
affects their individual work practices.

226. Industrial safety data should be monitored. Examples of items to be monitored 
include lost-time accidents, other accidents requiring medical attention, industrial 
safety non-conformances identified in the plant, and modifications with industrial 
safety implications.

HUMAN FACTORS

227. Suitable working environments shall be provided and maintained so that work 
can be carried out safely and satisfactorily, without unnecessary physical and 
psychological stress on the personnel.

228. Human factors which influence the working environment and the effectiveness 
of personnel performance and their fitness for duty should be identified and 
addressed. These include, for example:

—  The adequacy of resources, support and supervision needed to manage and 
perform the work;

—  The frequency and clarity of communications;
—  The availability of suitable tools and equipment;
—  The limits on the duration of work time;
—  The attention needed to be given to other factors, including personnel well

being, psychological, physiological and attitudinal problems, shift patterns and 
meal breaks;

—  The availability of procedures that take into account human factor considera
tions.
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3. PERFORMANCE

301. The principal activities of the construction organization personnel should 
include as a minimum:

—  Controlling and supervising of suppliers;
—  Ensuring that suppliers are established on the site in a controlled manner in 

allocated areas and are provided, where appropriate, with the necessary site 
services, information and instructions regarding the applicable industrial safety 
requirements;

—  Preparing safe working procedures, including industrial safety procedures, for 
issue to both the personnel of the construction organization and the supplier, 
and establishing that the supplier’s site industrial safety arrangements recognize 
the applicable documents;

—  Monitoring the industrial safety policies and activities of all personnel on the 
construction site in order to ensure compliance with statutory and regulatory 
requirements;

—  Planning and monitoring the progression of work to achieve completion to pro
gramme, including, where appropriate, the co-ordination of the activities of 
multidiscipline suppliers responsible for discrete technical areas;

—  Ensuring that supplier work is carried out in accordance with procedures, spec
ifications and drawings, that QA requirements are defined and implemented 
and installation checks are appropriate and in accordance with surveillance 
schedules;

—  Carrying out a maintenance programme for equipment that could deteriorate 
during construction, such as dehumidification of electrical equipment and 
preservation of critical surfaces that could rust;

—  Arranging the controlled handover of completed work from one supplier to 
another or to the construction organization;

—  Obtaining baseline data for in-service inspection.

G E N E R A L

PROCUREMENT

302. Suppliers employed to construct the nuclear power plant should be selected 
from those who can demonstrate that they are suitably qualified and experienced to 
carry out such work.
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303. Where information on suitable suppliers is lacking, interested organizations 
should be invited to pre-qualify for inclusion on a short list to whom tenders for the 
work concerned will be issued. For further guidance on the QA aspects for the 
procurement of items and services see Safety Guide Q6.

STARTUP MEETING

304. Following the award of a construction or installation contract, a startup meeting 
should be convened between the supplier and the construction organization to 
establish that the supplier is fully aware of the construction organization’s require
ments, for example:

—  Interface arrangements
—  Methods of communication
—  Documents and information to be submitted
—  Housekeeping
—  Site security
—  Site training
—  Safety (radiogical, nuclear and industrial)
- Q A
—  Control of subsuppliers.

The meeting should also finalize the arrangements for satisfying these requirements.

REVIEW OF SUPPLIERS DOCUMENTS

305. The construction organization should ensure that documents requiring approval 
prior to the commencement any activity are identified in procurement documents. For 
further guidance see Safety Guide Q6.

CONTROL OF DESIGN INFORMATION

306. Lines of communication and arrangements for the issue of design information 
among involved organizations should be established. Prior to issue, the construction 
organization should ensure that the information being issued reflects the current site 
conditions. Particular attention should be paid to design information required at an 
off-site fabrication facility.
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307. A process should be established to address queries from the supplier with 
respect to the design information issued. Where the query may have an impact on 
nuclear safety during operation, it should be addressed to the principal designer for a 
response.

308. Field changes which may arise during the construction activities and have 
impact on the design information (for example drawings, specifications, instructions) 
should be reviewed, actioned, approved and validated in accordance with Safety 
Guide Q10.

APPROVAL OF SUBSUPPLIERS

309. The construction organization should not allow any subsupplier to carry out 
work on the plant until it is satisfied as to the adequacy of the supplier’s proposed 
arrangements for controlling the quality of the subsupplier’s work, for example 
materials control and inspection arrangements. For further guidance see Safety 
Guide Q6.

HOUSEKEEPING DURING CONSTRUCTION AND INSTALLATION

310. To preserve the requisite quality of the item being constructed or installed, 
measures for performing housekeeping operation should be established and imple
mented in accordance with specified requirements. These should include methods and 
techniques for control of the site area, the facilities, and the material and equipment 
being incorporated into the nuclear power plant.

311. Cleanliness requirements for housekeeping activities should be established. 
These should take into account control of environmental conditions and personnel 
access. Where clean zones are used to achieve this control, they should be clearly 
marked, and procedures or instructions should be issued to regulate their usage.

CONTROL OF ITEMS

312. Items should be controlled from receipt through storage, handling and use, to 
prevent their abuse, misuse, damage, deterioration or loss of identification.
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R e ce iv in g

313. Where possible, items arriving at the construction site should be visually 
inspected before unloading to verify that there is no damage.

314. After receiving, inspection should be carried out to ensure that the applicable 
specifications are fulfilled, such as that:

—  the item is configured correctly;
—  identification and marking is adequate;
—  manufacturing documentation is available as required;
— protective covers and seals are intact;
—  coatings and preservatives have not been damaged;
—  no physical damage has occurred;
—  cleanliness is of the correct standard;
—  inert gas blankets and the condition of desiccants, where relevant, have not been 

compromised;
—  necessary tests of hardware characteristics have been performed.

For further guidance see Safety Guide Q4.

Storage
315. Storage should be provided as specified to segregate and protect items prior to 
their installation and use. The methods and conditions of storage to prevent corrosion, 
contamination, deterioration and physical damage should be specified.

316. Storage areas should be established and controlled, taking account of aspects 
such as:

— Access
—  Cleanliness and housekeeping practices
—  Fire protection requirements
—  Identification and marking of items
—  Protective requirements relating to coatings, preservatives, covers and sleeves
—  Prevention of physical damage
—  Removal from and return to storage
—  Environmental control (such as temperature and humidity)
—  Preventive maintenance
—  Security
—  Items which have a limited shelf or service life
—  Physical and chemical characteristics of items
—  Safety grades.
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Inspections should be performed as necessary to ensure that the specified conditions 
are maintained and any non-conformances are handled in accordance with para. 219. 
These inspections may need to continue during the commissioning and operation 
stages. Handover arrangements should be established.

Handling
317. All items should be properly handled, with account taken of aspects such as:

— Weight
—  Size
—  Susceptibility to shock damage
—  Surface finish
—  Prescribed handling points
—  Orientation
—  Handling equipment and any tests required for it
—  Vulnerability to degradation by static discharge
—  Preservation of coatings
—  Maintenance of environmental conditions.

318. The use of items such as special cartons, containers, protective devices, hoists, 
manipulators and transport vehicles should be considered where handling operations 
are of a nature likely to cause damage. Operators and handlers of all such items 
should be competent. Equipment for handling items should be used and maintained 
in accordance with Member State regulations and standards.

319. Items which the construction organization has procured for issu-. to the supplier 
should be controlled in accordance with paras 312-318 prior to issue to a supplier.

MEASURING AND TEST EQUIPMENT

320. Measuring and test equipment which is used for construction activities, data 
collection, inspections and tests shall be of the proper type, range, accuracy and 
precision and be in good condition. For further guidance see Safety Guide Q4.

VERIFICATION OF CONSTRUCTION WORK

321. The construction organization should establish verification methods and 
schedules which identify the level of inspection/verification required.
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322. Before offering an item or service for acceptance, the supplier should verify 
that all defined procurement requirements have been satisfied. Acceptance by the pur
chaser should not absolve the supplier from responsibility to provide items and ser
vices fit for purpose nor should it preclude subsequent rejection.

323. Where necessary, the construction organization should issue procedures with 
standard forms for the recording of suppliers’ inspection/verification activities. The 
verification method and the acceptance criteria should be clearly identified.

4. ASSESSMENT

MANAGEMENT OF SELF-ASSESSMENT

401. Management self-assessment should be carried out in accordance with Safety 
Guide Q5.

INDEPENDENT ASSESSMENT

402. Typical subjects to be addressed by independent assessment during construc
tion are:

—  Safety issues
—  Materials testing
—  Suppliers audit procedures
—  Housekeeping
—  Preservation of completed work
—  Supplier assessments
—  Control and disposition of non-conforming items
—  Control of equipment handover process
—  Conformance of construction work to technical design requirements.

For further guidance on independent assessment see Safety Guide Q5.
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A nnex

EXAMPLES OF CONSTRUCTION ACTIVITIES 
WHICH MAY REQUIRE PROCEDURES

—  Receipt and registration of contract documents
—  Site contract review meeting
—  Site contract startup meeting
—  Confirmation o f inspection levels
—  Supplier site safety and security
— Review of supplier control arrangements
—  Review of suppliers/subsuppliers
—  Instructions to supplier 
— Progress meeting
—  Supplier monitoring
—  Soil and concrete sampling
—  Queries and changes to design
—  Handover/transfer of responsibilities
—  Emergency preparedness (for sites in close proximity to operational plant) 
— Housekeeping during construction.
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment of basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code), and complies with the require
ments of the Code 50-C-0 (Rev. 1)).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

B A C K G R O U N D

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
of the Code in relation to the commissioning stage of nuclear power plants.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate QA programmes in the 
commissioning stage of a nuclear power plant project or in any other stage where 
commissioning activities are to be performed. It covers items, services and processes 
impacting nuclear safety. It may, with appropriate modifications, also be usefully 
applied at nuclear installations other than nuclear power plants.

105. This Safety Guide relates to the commissioning stage of a nuclear power 
plant. The commissioning stage overlaps with other nuclear power plant stages 
such as construction and operation. The responsible organization may establish 
separate organizations for these stages, or combine them under one organization. 
W hichever organizational arrangement is utilized, the responsibilities and inter
faces shall be clearly defined and understood and the status of the plant established 
at all times.
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S T R U C T U R E

106. This Safety Guide is arranged into four sections and two annexes:

Section 2 provides guidance on QA for the management activities of commis
sioning.

Section 3 provides guidance on QA for the performance activities of commis
sioning.

Section 4 provides guidance on QA for the assessment of commissioning activities.
Annex I gives examples of commissioning activities which may require pro

cedures.
Annex II gives an example of a commissioning document structure.

2. MANAGEMENT

QUALITY ASSURANCE PROGRAMME

201. The responsible organization shall develop and implement a QA programme 
which describes the overall arrangements for the management, performance and 
assessment of the nuclear power plant commissioning. This programme should also 
provide the means to ensure that all work is suitably planned, correctly performed and 
properly assessed.

202. Procedures shall be defined by the responsible organization for control of 
commissioning activities at the site to ensure that commissioning of the plant fulfils 
specified requirements. Arrangements should be made to ensure that these procedures 
are reviewed and approved before issue, and subsequent amendment of them 
controlled. A list o f examples of commissioning activities which may require proce
dures is contained in Annex I. For further guidance on commissioning procedures see 
Safety Guide 50-SG-04.
203. The responsible organization may delegate and/or require suppliers or other orga
nizational units to develop and implement all or part of the QA programme but shall 
retain overall responsibility for the implementation and effectiveness of the programme.

204. In such cases, the suppliers) or other organizational units should prepare QA 
programmes for the work for which they will be responsible and submit them to the
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responsible organization if  required. Guidance on the documents required from the 
supplier for submission to the responsible organization and the timing of such 
submissions is given in Safety Guide Q6. For further guidance on the development 
and implementation of a QA programme see Safety Guide Q l.

GRADING

205. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized dif
ference in the applications of specific QA requirements.

206. Commissioning activities that could be graded include:
—  Independent verification of construction activities
—  The degree of phase and integrated testing
—  Individual component testing
—  The detailed analysis of commissioning tests
—  The records required from commissioning activities
—  Non-conformances that should be reported to the principal designer1
—  The amount and detail of commissioning documents
—  The installed equipment requiring calibration.

For further guidance on grading see Safety Guide Q l.

ORGANIZATION

207. The responsible organization should formally appoint a person on its staff to be 
responsible for commissioning activities.2

208. The appointed person should have the necessary resources within the commis
sioning organization to discharge all responsibilities. A commissioning group may be 
established, consisting of several teams with delegated tasks, to execute specific

1 The principal designer has responsibility for specifying the design requirements and 
for approving the design output on behalf of the responsible organization. Further explanation 
of the term “principal designer” can be found in Safety Guide Q10.

2 In some Member States the appointed person is the head of the commissioning 
organization.
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commissioning activities with the authority to operate the necessary components and 
systems. For each of these activities, personnel with authority to execute and docu
ment the work should be identified.

INTERFACES

209. Where more than one organization is involved in commissioning activities, the 
responsibility of each organization involved shall be clearly established and docu
mented. Internal and external interfaces should be considered and procedures estab
lished for the identification, review, approval, release, distribution and revision of 
documents that cross organizational boundaries. Interfaces that the commissioning 
organization should address include, for example:

—  Suppliers of items, services and civil works,
—  Consultants,
—  Inspection agencies,
—  Regulatory body (see the Code 50-C-G (Rev. 1)),
—  Construction organization,
—  Operating organization,
—  Principal designer,
—  Other support functions.

TRANSFER OF RESPONSIBILITIES

210. An orderly transfer of responsibilities, from the construction organization to the 
commissioning organization for components, systems and structures and their related 
records, should be planned and implemented.

211. The construction handover package should be reviewed by the commissioning 
organization for non-conformances, which should be identified and resolved, and for 
ensuring that the status of the items is clear.

212. When the commissioning organization is satisfied that the transfer can be 
accomplished, a joint check with the construction organization should be carried out 
of the transferred items and the associated documents. Parties should sign formally to 
indicate transfer of responsibilities. After transfer has been accomplished, problems, 
failures or design changes may necessitate the return of a system, component or
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structure to the construction organization. When this is done, the procedures 
described in paras 210 and 211 should be performed again for the affected areas.

213. On completion of commissioning, a documented transfer of the whole plant 
to the operating organization should be undertaken. Safety Guides Q l l ,  Q13 and 
50-SG-04 provide additional information on the transfer from construction to 
commissioning and from commissioning to operation.

TRAINING AND QUALIFICATION

214. Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and understand the safety consequences of their activities.

215. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work. For 
further guidance on training see Safety Guide 50-SG-01 (Rev. 1).

PLANNING

216. Commissioning activities shall be planned. Computer aided planning is desir
able. The plan should define:

—  the activities to be performed in manageable units;
—  the planned sequential order and duration of these activities;
—  the resource allocation for each activity;
—  the verification activities;
—  the persons responsible for each activity.

217. Whilst the commissioning organization shall retain responsibility for co-ordi- 
nating and planning the overall commissioning of the nuclear power plant, suppliers 
should be responsible for producing detailed plans o f the work that they will be car
rying out and obtaining the commissioning organization’s approval of these plans 
where necessary.

218. The commissioning, -modification, replacement, preventive maintenance and 
repair of all components and systems during commissioning should be planned, 
approved and controlled. For further guidance on planning see Safety Guide 50-SG-04.
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R A D IO L O G IC A L  S A F E T Y

219. The responsible organization shall establish and implement a radiation protection 
programme (additional details are contained in Safety Guide 50-SG-05 and IAEA 
Safety Series No. 115).

220. Radiation exposure trends should be determined for each working group, area 
and activity. Annual limits should be established for radiation exposures and these 
should be made as low as is reasonably achievable.

INDUSTRIAL SAFETY AND SECURITY

221. A policy reflecting national industrial safety and security regulations and orga
nizational industrial safety rules should be established, covering all site personnel, 
including visitors.

222. The specific requirements for the safety of components from the commence
ment of commissioning should be detailed in the applicable commissioning docu
ments (see paras 307-310).

223. During commissioning, special care should be taken to clearly identify the 
operational status of plant items so that all staff are aware of any potential hazards. 
Such hazards include pneumatic, hydraulic and electrical energizing of equipment, 
and/or pressurizing systems with compressed gases, water, steam or other fluids. 
Temporary connections to systems and equipment may have to be utilized.

224. As systems and components are commissioned, they should be placed under 
security to control access and prevent inadvertent damage.

EMERGENCY PLANNING AND PREPAREDNESS

225. Reference emergency conditions shall be identified and the organizational 
infrastructure required for coping with them developed.

226. The resources and facilities for emergencies shall be made available. Personnel 
should receive continuing training, by testing of emergency plans and procedures, 
through drills and exercises and public information activities.
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227. Emergency plans and procedures should be revised and improved as a result of 
feedback from drills and exercises. For further guidance see the Code 50-C-0 (Rev. 1), 
and Safety Guides 50-SG -06 and 50-SG-G6.

HUMAN FACTORS

228. Suitable working environments shall be provided and maintained so that work 
can be carried out safely and satisfactorily, without imposing unnecessary physical 
and psychological stress on the nuclear power plant personnel.

229. Human factors which influence the working environment and the effective
ness of personnel performance and their fitness for duty should be identified and 
addressed. This includes, for example:

—  The adequacy of resources, support and supervision needed to manage and 
perform the work;

—  The adequacy of lighting, access and commissioning aids;
—  The adequacy of alarms, such as number, position, grouping, colour coding 

and audibility prioritizing;
—  The frequency and clarity o f communications;
—  The availability of the right tools and equipment;
—  The limits on the duration of work time for commissioning personnel;
—  The attention needed to be given to other factors for control room staff, 

including personnel well-being, psychological, physiological and attitudinal 
problems, shift patterns and meal breaks;

—  The availability of procedures that take into account human factor considera
tions.

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

230. Where a non-conformance occurs in items under test, the non-conformance 
and its corrective action should be reviewed to determine whether it has invalidat
ed testing previously completed. All necessary tests should be performed again if 
they have been invalidated.

231. Where, during commissioning of items, an item as designed is found unsuit
able for its purpose, or fails to satisfy the prescribed tests, it should be modified 
accordingly, using procedures established as required by para. 305.

2 6 5

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



232. All non-conformances should be resolved before commissioning activities are 
considered to be complete. For further guidance on non-conformance control and 
corrective actions see Safety Guide Q2.

DOCUMENT CONTROL AND RECORDS

233. Procedures for the preparation, review, approval, issue, modification and 
control of commissioning documents should be established.

234. A records system should be established which includes the arrangements and 
responsibilities for the categorization, receipt, indexing, storage, retrieval and 
disposal of commissioning records.

235. Records should include all those which record the commissioning activities of 
components and systems. For further guidance on document control and records see 
Safety Guide 50-SG-Q3

3. PERFORMANCE

GENERAL

301. The commissioning programme shall be established and followed to demon
strate that the nuclear power plant, especially items important to safety, has been con
structed and functions according to the design intent, and to ensure that weaknesses 
are detected and eliminated.

302. An appropriate programme should be prepared and implemented for each of the 
major system areas and for phase testing which sets out the principles and objectives 
o f the component completion and nuclear power plant commissioning tests, as well 
as detailing the testing to be carried out on the components, systems and structures. 
Each programme should contain sufficient information about the design, function and 
performance of the components, systems or structures to adequately characterize 
them and to aid the definition of the proposed tests. The programme should describe 
the proposed component, system or structure completion and commissioning tests 
and clearly address any specific industrial safety precautions or measures required 
during the tests in order to protect personnel and components.
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303. During commissioning tests, detailed diagnostic data should be collected on 
components, systems or structures having nuclear safety significance and the initial 
operating parameters should be recorded.

304. During the commissioning stage, the as-built operating characteristics of safety 
and process systems should be determined and documented. Operating set points 
should be adjusted to conform to design values and to safety analysis. Training 
procedures and operational limits and conditions should be modified to reflect accu
rately the operating characteristics of the systems as-built. For further guidance on 
commissioning objectives, activities and procedures see Safety Guide 50-SG-04.

DESIGN CONTROL

305. Any changes to the design required as a result of commissioning activities 
should be reviewed, approved and validated by the principal designer.

306. Results of commissioning activities should be reviewed by the principal 
designer to ensure that testing methodologies have demonstrated that equipment 
functionality is acceptable. Changes to the design specification or system modifica
tion, including changes to computer software identified during testing, are considered 
in Safety Guide 50-SG-Q10.

COMMISSIONING DOCUMENTS

307. The commissioning documents should clearly identify the requirements, intent, 
test objectives, limiting criteria, test conditions and procedures, special equipment, 
personnel requirements, special precautions, acceptance criteria and the records to be 
generated.

308. A representative of the principal designer and, where necessary, one from the 
construction organization, should be included in the review process of commission
ing testing procedures.

309. On the basis of the tests scheduled in the programme, component completion 
procedures and commissioning procedures should be written for each component test 
or system test. Each procedure should detail the objectives of the testing proposals 
and contain detailed instructions to members o f the test team carrying out the work. 
In addition to the detailed step-by-step instruction, the procedure should also contain 
specific information about safety requirements, emergency procedures, programmes, 
test data collection and any limits and conditions.
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310. Commissioning documents, component completion procedures, commission
ing procedures and functional requirements documents should be reviewed and 
approved by groups representing the commissioning organization, the operation orga
nization and suppliers as applicable. Annex II shows an example of a commissioning 
document structure.

SHIFT CHANGEOVER

311. Shift changeover shall be carried out according to a formal process. An account 
of plant and work status is usually presented in reports and logs which follow a stan
dard format.

312. The process of shift changeover should identify the persons involved, their 
responsibilities, the locations and the conduct of shift changeovers, and the method of 
reporting plant status, including provisions for special circumstances such as abnor
mal plant status and staff unavailability.

313. Shift changeover should address the following:

—  Commissioning status of major equipment;
—  Significant safety and general plant parameters (including any identified 

trends);
—  Systems in an abnormal or degraded configuration, testing anomalies;
—  Significant new defects since the previous shift;
—  Schedules and duration of current and planned work, outages and work permits;
—  Special instructions from commissioning management;
—  Temporary commissioning instructions, design changes and notices;
—  Handover of keys;
—  Review of logs.

COMPONENT AND SYSTEM IDENTIFICATION

314. A system should be developed to ensure that systems and components impor
tant to safety are uniquely identified and should be related to the identification used 
in test and commissioning documentation.

315. The system and component identification should be transferable to the opera
tion stage without any substantial changes. Components and systems temporarily
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installed for the commissioning period should be identified in a manner different to 
permanent components and systems.

COMPONENT AND SYSTEM STATUS AND CONTROL

316. Measures shall be established to ensure that the status is controlled and main
tained o f components and systems which are installed, operated or modified in 
accordance with appropriate specifications and procedures.

317. The release of components or systems for specific tests, maintenance or modi
fication during commissioning and their return to commissioning should be con
trolled and documented.

318. When components or systems are taken out of service, verification should be 
provided to the extent necessary to assure that the correct items were removed from 
service. This should be done by inspection or testing of the appropriate components 
and controls, together with the use of appropriate tags and records, or by indirect 
means such as observation of indicators and status lights.

319. When specific tests, maintenance or modifications are completed, commission
ing personnel should ensure that the component condition has been returned to its 
normal status or is in accordance with its approved modified status.

320. If normal conditions cannot be restored, a clearly defined reporting route should 
be available to commissioning personnel for the problem to be identified to manage
ment for appropriate action to be taken.

321. Records shall be maintained to show the status of components or systems 
during testing, modification or maintenance.

TEMPORARY MODIFICATIONS TO COMPONENTS OR SYSTEMS

322. Temporary modifications that are required to carry out any specific commis
sioning tests should be controlled.

323. Temporary modifications should only be carried out to approved procedures, 
with formal reporting links established to resolve any problems encountered during 
the modification process. Such procedures should give assurance that other tests
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which may be in progress will not be affected. Components and systems should be 
returned to their previous state after completion of the work for which the temporary 
modification was carried out. For further guidance see Safety Guide Q13.

COMPONENT AND SYSTEM MAINTENANCE

324. A maintenance programme for components and systems defining frequency 
and type o f maintenance to be performed should be established and implemented 
throughout the commissioning stage. It should be periodically reviewed. A mainte
nance history should be built up for the operation stage of the plant.

PROCUREMENT

325. During commissioning, procurement should be performed according to the 
guidance given in Safety Guide Q6.

HANDLING AND STORING

326. Handling instructions and procedures should be provided for items that may be 
damaged if handled incorrectly. Items should be stored under conditions appropriate 
to their susceptibility to environmental deterioration and periodically inspected as 
necessary. Appropriate procedures should be produced to maintain the preservation 
status of all installed items. Particular attention should be paid to identifying safety 
related items where special preservation measures are required, for example main
taining nitrogen blankets.

MEASURING AND TEST EQUIPMENT

327. Measuring and test equipment used in commissioning for data collection, 
inspection and tests shall be of the proper type, range, accuracy and precision and be 
in good condition (see Safety Guide Q-4).

HOUSEKEEPING AND CLEANLINESS

328. Activities should be accomplished under suitably controlled conditions. The 
cleanliness of structures, systems and components including the safe disposal of 
combustible or explosive material and debris should be considered.
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V E R IF IC A T IO N  O F  C O M M ISS IO N IN G  A C T IV IT IE S

329. Measures should be established to verify that:
—  Test prerequisites are in accordance with test procedures;
—  Parameters are within proper ranges for test conditions;
—  The implementation of commissioning activities is in accordance with plans;
—  Stage reviews have been conducted as required;
—  Hold point requirements have been satisfied before work proceeds beyond the 

hold point concerned.
330. Verification methods and acceptance criteria should be clearly described in the 
relevant work documents.

331. The principal designer should verify that testing is in accordance with design 
intent and that design requirements have been met.

332. Where the purpose of testing is to verify design values, the test document 
should include or refer to acceptance criteria.

333. Inspection requirements should be specified in commissioning documents. 
Inspection and confirmatory checking should be performed and documented to 
verify compliance with specific requirements for the conduct of commissioning 
tests.

334. Commissioning results shall be reviewed and approved by qualified and autho
rized persons to verify the completeness of tests performed and confirm that an item 
or activity to which the records or results apply is satisfactory. A representative of the 
principal designer should take part in the review.

335. The results of commissioning tests should be promptly recorded and evaluated 
to provide clear indication that the design requirements have been met. When design 
requirements have not been met, a non-conformance should be recorded.

4. ASSESSMENT

MANAGEMENT SELF-ASSESSMENT

401. Management self-assessment should be carried out in accordance with Safety 
Guide Q5.
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IN D E P E N D E N T  A S S E S S M E N T

402. Typical subjects to be addressed by independent assessment during commis
sioning are:

—  Interfaces
—  Safety management
—  Temporary modifications
—  Plant labelling
—  Housekeeping
—  Plant status identification
—  System for walkdowns.

For further guidance on independent assessment see Safety Guide Q5.
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A n n ex  I

EX AM PLES O F CO M M ISSIO N IN G  ACTIVITIES W H IC H  MAY 
R EQ U IR E PROCEDURES

—  Definition and approval of component nomenclature.
—  Preparation of component manuals and operating instructions.
—  Arrangements for working party subgroups and test teams.
—  Component or system take-over.
—  Control of delivery, installation and changes to on-line software.
—  Control of commissioning flushing effluent.
—  Test and commissioning documentation, numbering and structure.
—  Control of temporary changes to equipment, materials and software.
—  Site access control during commissioning.
—  Preventive maintenance required during commissioning.
—  System and component status during commissioning.
—  Radiation protection programme during and after loading the reactor core.
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A n n ex  I I

E X A M P L E  O F  C O M M IS S IO N IN G  D O C U M E N T  S T R U C T U R E

Phase papers of principle covering:
-  Cold functional tests
-  Hot functional tests
-  Preparation for load fuel
-  Load fuel
-  Low power physics
-  Power raise

Plant commissioning 
procedures approved by 
plant commissioning 
group
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro
gramme. It gives recommendations relative to the fulfilment on basic requirements 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other 
Nuclear Installations (hereinafter known as the Code) and complies with the require
ments of the Code 50-C-0 (Rev. 1).

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

OBJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
of the Code in relation to the operation stage of nuclear power plants.

SCOPE

104. This Safety Guide applies to the quality assurance (QA) programmes of the 
responsible organization, i.e. the organization having overall responsibility for the 
nuclear power plant, as well as to any other separate QA programmes in the opera
tion stage of a nuclear power plant project or in any other stage where operation 
activities are to be performed. It covers items, services and processes impacting 
nuclear safety. It may, with appropriate modifications, also be usefully applied at 
nuclear installations other than nuclear power plants.

105. This Safety Guide relates to the operation stage of a nuclear power plant. The 
operation stage overlaps with other nuclear power plant stages such as commission
ing and decommissioning. The responsible organization may establish separate orga
nizations for these stages or combine them under one organization. Whichever orga
nizational arrangement is utilized the responsibilities and interfaces shall be clearly 
defined and understood and the status of the plant established at all times.

STRUCTURE

106. This Safety Guide is arranged into four sections and two annexes:
Section 2 provides guidance on QA for the management activities of operation.

B A C K G R O U N D
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Section 4 provides guidance on QA for the assessment of operation activities.
Annex I provides examples of operation activities which may require procedures.
Annex II provides guidance on condition monitoring.

2. MANAGEMENT

QUALITY ASSURANCE PROGRAMME

201. The responsible organization shall develop and implement a QA programme 
which describes the overall arrangements for the management, performance and 
assessment of the nuclear power plant during operation. This programme should also 
provide the means to ensure that all work is suitably planned, correctly performed 
and properly assessed.

202. Procedures shall be defined by the responsible organization for control of oper
ating activities at the site to ensure that operation of the nuclear power plant fulfils 
specified requirements. Arrangements should be made to ensure that these proce
dures are reviewed and approved before issue, and subsequent amendment of them 
controlled. A list of examples of operation activities which should require docu
mented procedures is contained in Annex I.

203. The responsible organization may delegate and/or require suppliers or other 
organizational units to develop and implement all or part of the QA programme, but 
shall retain overall responsibility for the implementation and effectiveness of the pro
gramme.

204. In such cases, the supplier(s) or other organizational units should prepare QA 
programmes for the work for which they will be responsible and submit them to the 
responsible organization if required. Recommendations on the documents required 
from the supplier for submission to the responsible organization and the timing of such 
submissions is given in Safety Guide Q6. For further guidance on the development and 
implementation of a QA programme see Safety Guide Q l.

GRADING

205. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded

Sectio n  3 provides guidance on Q A  for the perform ance activities o f  operation.
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approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized 
difference in the applications of specific QA requirements.

206. The operation activities which could be graded are:
—  Level and detail of operating instructions
—  Types of installed equipment requiring calibration
—  Reporting level and authorities of non-conformances and corrective actions
—  Need for formal shift operating logs
—  Testing, surveillance and inspection activities
—  Equipment to be included in plant status control
—  Controls applied to the storage and records o f spare parts
—  Need to analyse plant history for items
—  Need to carry out condition monitoring.

For further guidance on grading see Safety Guide Q l.

ORGANIZATION

207. The responsible organization should formally appoint a person on its staff to be 
responsible for operation activities.1

208. The appointed person should have the necessary resources within the operating 
organization to discharge the following responsibilities:

—  Operating the plant within operational limits and conditions;
—  Ensuring that all activities are carried out in accordance with statutory or 

regulatory requirements;
—  Ensuring that all activities are carried out so as to asure safety of the public, 

personnel, plant and equipment.

INTERFACES

209. Interfaces shall be described in the QA programme. Arrangements should be 
agreed between the operating organization and other organizations performing work 
at or in support of the nuclear power plant. The following examples of interfaces 
should be addressed:

1 In some Member States the appointed person is the head of the operating organization.
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—  Divisions within the nuclear power plant (for example divisions responsible for 
nuclear safety, industrial safety, radiation protection and accident management);

—  Personnel within a shift;
—  One operating shift and another;
— The operating shift and management;
— The operating shift, maintenance and other on-site services;
—  The plant management and off-site organizations;
—  The plant management and the organizational unit responsible for design;
— The plant management and the emergency support organization;
—  The plant management and the regulatory body (see the Code 50-C-G 

(Rev. 1));
—  The plant management and the construction/commissioning organization.

For further guidance on interfaces see Safety Guide Q l.

TRAINING AND QUALIFICATION

210. Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and understand the safety consequences of their activities.

211. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work. For 
further guidance on training see Safety Guides Q l and 50-SG-01 (Rev. 1).

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

212. During operation, non-conformances shall be identified. They could be de
tected by.

—  Routine observations of equipment performance and condition during normal 
operation and tests;

—  Routine plant inspections and maintenance;
—  Consumption of consumable materials by equipment (oil, gases or power);
—  Personnel, work and processes monitoring;
—  Monitoring of installed items (condition monitoring);
—  Review of records of corrective maintenance or unavailability of equipment;
—  Performance based assessments;
—  Feedback of experience.
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213. With account taken of safety, reliability, compliance with operational limits 
and conditions, frequency of occurrence and personnel competence, criteria should 
be developed for:

—  Rating the priority and significance importance o f non-conformances;
—  Labelling non-conforming items, when applicable;
—  Reporting non-conformances to the person in charge of plant operation;
—  Involving the principal designer;2
—  Determining what corrective work is to be done and when;
—  Determining the need for cause analysis;
—  Identifying those responsible for the above;
—  Identifying potential for common cause failures.

214. Non-conformances having a significant or immediate impact on plant opera
tion, such as limiting conditions for operation, should be reported to the shift super
visor.3 For further guidance on non-conformance control and corrective actions see 
Safety Guide Q2.

DOCUMENT CONTROL AND RECORDS

215. Procedures for the preparation, review, approval, issue, modification and con
trol o f documents should be established.

216. A records system should be established which includes the arrangements and 
responsibilities for the categorization, receipt, indexing, storage, retrieval and dis
posal of operation records.

217. Records should include all those which record the operating condition of com
ponents and systems. For further guidance on document control and records see 
Safety Guide Q2.

2 The principal designer has responsibility for specifying the design requirements and 
for approving the design content on behalf of the responsible organization. Further explana
tion of the term ‘principal designer’ can be found in Safety Guide Q10.

3 The title ‘shift supervisor’ denotes the individual in charge of shift operation for one 
or more units. The responsibilities of this individual and the title may vary depending on the 
organizational arrangements of Member States.
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S E C U R IT Y

218. Requirements for plant security are given in the Code 50-C-0 (Rev. 1) and in 
Safety Guide 50-SG-09.

TRANSFER FROM COMMISSIONING TO OPERATION

219. Arrangements should be established and implemented to ensure that nuclear 
power plant components, systems and structures are formally transferred from the 
commissioning organization to the operating organization. It should be ensured that:

—  Components and systems are checked for proper identification, completion of 
commissioning tests and inspections, cleanliness, lubrication, positioning of 
switches and valves, calibration of instruments, lagging condition, absence of 
leaks and proper status of safety devices;

—  Non-conformances and other open issues have been resolved;
—  Commissioning documentation is complete;
—  The as-built condition of the plant is defined.

220. There should be a documented transfer of components, systems and structures 
and the related records from the commissioning organization to the operating orga
nization. The status of components, systems and structures should be included in the 
transfer documents.

221. Operating personnel should ensure that the transfer documents are correct and 
complete.

222. Similar arrangements need to be established to transfer components, systems 
and structures from the operating organization to the decommissioning organization. 
For further guidance on the transfer from commissioning to operation see Safety 
Guide 50-SG-04.

INDUSTRIAL SAFETY

223. A policy reflecting Member State industrial safety regulations should be estab
lished for all personnel, suppliers and visitors, and should refer to the industrial safe
ty rules and practices that are to be adopted. The policy should include arrangements 
for the effective planning, organization, monitoring and review of the preventive and 
protective measures.
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224. The operating organization should provide support, guidance and assistance for 
plant personnel in the area of industrial safety.

225. Nuclear power plant personnel should understand how the industrial safety 
programme affects their individual work practices.

226. Industrial safety data should be monitored. Examples of items to be monitored 
include lost-time accidents, other accidents requiring medical attention, industrial 
safety non-conformances identified in the plant, and modifications resulting from 
industrial safety concerns.

227. The underlying causes of industrial accidents and industrial safety problems 
should be identified and corrected. Results of cause analyses should be used to iden
tify opportunities to improve industrial safety. Lessons learned from investigations 
and from other industry operating experience should be used to improve perfor
mance.

228. Applicable industrial safety information should be obtained and screened. 
Relevant material and any required actions should be incorporated into the plant’s 
industrial safety policy and disseminated to other nuclear power plants.

FIRE PROTECTION

229. The operating organization shall establish and implement a fire prevention and 
protection programme to protect personnel and items. The programme should pro
vide methods and effective means for preventing, detecting, controlling and prompt
ly extinguishing fires, and should be consistent with Member State regulatory 
requirements. The programme should also contain measures for controlling genera
tion, storage and disposal of combustible materials.

230. Periodically, drills and exercises should be conducted to confirm the fire pro
tection programme’s implementation and effectiveness. For further guidance see 
Safety Guide 50-SG-D2 (Rev. 1).

EMERGENCY PLANNING AND PREPAREDNESS

231. Reference emergency conditions shall be identified and the organizational 
infrastructure required for coping with them developed.
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232. Resources and facilities for emergencies shall be made available, and person
nel should receive continuing training by testing of emergency plans and procedures, 
and through drills and exercises, and public information activities.

233. Emergency plans and procedures should be revised and improved as a result of 
feedback from drills and exercises. For further guidance see the Code 50-C-0 (Rev. 
1) and Safety Guides 50-SG-06 and 50-SG-G6.

HUMAN FACTORS

234. Suitable working environments shall be provided and maintained so that work 
can be carried out safely and satisfactorily, without imposing unnecessary physical 
and psychological stress on the plant personnel.

235. Human factors which influence the working environment and the effectiveness 
and fitness of personnel for duty should be identified and addressed. This includes, 
for example:

—  The adequacy of resources, support and supervision needed to manage and per
form the work;

—  The adequacy of lighting, access and operator aids;
—  The adequacy of alarms; such as number, position, grouping, colour coding, 

audibility prioritizing;
— The frequency and clarity of communications;
—  The availability of suitable tools and equipment;
—  The limits on the duration of work time for operators, maintainers and techni

cal advisers;
—  The attention needed to be given to other factors for control room staff, includ

ing personnel well-being, psychological, physiological and attitudinal prob
lems, shift patterns and meal breaks.

—  The availability of procedures that take into account human factor con
siderations.

PERFORMANCE INDICATORS

236. The operating organization is responsible for identifying and monitoring para
meters which provide information regarding nuclear safety, operational performance 
and the effectiveness of management processes. Performance indicators comprise 
data collected from all of these parameters. They can be used to make comparisons
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with other nuclear power plants to identify improvement opportunities. Some regu
latory and industry organizations may require that specific performance indicators be 
measured and reported periodically.

237. Performance indicators should be used as tools for involving plant personnel in 
improving performance and safety. Performance indicators should be established to 
help minimize or reduce the following:

—  Unplanned challenges to safety related systems,
—  The number of forced outages,
—  Plant and equipment unavailability,
—  Personnel errors,
—  Lost-time accidents,
— Radiation exposure;
—  Contamination,
—  The production of radioactive waste,
—  The amount of rework,
—  The number of outstanding work requests,
—  Failure rates of equipment and components,
—  The effects of plant ageing,
—  Incidents and unusual events;
—  Non-conformance with operating limits and conditions.

238. The results of performance indicators and other related information should be 
trended and reported to provide feedback on plant performance. The reports should 
include trends of the indicators with a brief explanation for trends that appear to be 
unusual (positively or negatively), with any proposed corrective actions where 
necessary.

3. PERFORMANCE

GENERAL

301. Operating personnel are responsible for operating the nuclear power plant in 
accordance with operational limits and conditions (see Safety Guide 50-SG-03). 
Work that can affect safe and reliable operation shall be approved and carried out 
with full knowledge of the control room staff.
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302. Good practices in operation should be applied and include, for example:

—  Acknowledging, analysing for priority and responding to alarms;
—  Eliminating the causes of alarms;
—  Maintaining plant logs on the key operating and safety parameters and key 

event categories;
—  Acting professionally in the control room by paying attention to access, house

keeping and general conduct;
—  Optimizing the amount of paperwork and paper reference material in the con

trol room;
—  Communicating information on operation activities to other plant personnel;
—  Being prepared for emergency situations.

LINE MANAGERS AND SUPERVISORS

303. As part of their daily responsibilities, line managers and supervisors should 
review the conduct of work under their responsibility. To do this, they should keep 
abreast of general plant conditions, monitor work to ensure it is being conducted 
safely and in accordance with requirements, ensure non-conformances are identified 
and resolved, and be alert to improvement opportunities.

304. Line managers and supervisors should periodically evaluate plant operation 
and documents, examine non-conformances, and evaluate the implementation of cor
rective actions in order to assist in the planning of future work.

305. Supervisors should recognize and encourage good work practices by promot
ing the following:

—  Attention to detail;
—  Good industrial safety practices (for example appropriate use of safety equip

ment, proper handling of hazardous chemicals);
—  Radiological protection practices, for example proper use of ALARA concepts 

and minimizing the spread of contaminants;
—  Proper use of pre-job briefings and applicable training (for example mock-up 

training);
—  Adherence to documents and compliance with work hold points;
—  Accountability for tools, chemicals and materials;
—  Use of correct tools and equipment;
—  Use of decontamination facilities to reduce the volume of radioactive waste,
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permit clean work on formerly contaminated equipment and reduce contami
nation on reusable items;

—  Use of glove boxes or temporary containments for work on contaminated 
equipment to prevent airborne contamination or the spread of contamination;

—  Clean and orderly work sites;
—  Sensitivity to the time required to perform work, especially if a limiting condi

tion for operation is involved;
—  Proper use of post-job reporting and, when applicable, post-job critiques.

PLANNING

306. Arrangements shall be established and implemented to ensure that work at the 
nuclear power plant is properly planned and completed in a safe and efficient man
ner. A computer aided planning system is desirable. Planning shall, for example:

—  Identify the work necessary to operate and maintain the nuclear power plant;
—  Identify the relative importance of the work processes, using a graded 

approach;
—  Describe the performance of work by referencing clear, concise and unam

biguous work instructions;
—  Identify any special requirements that are part of the work process, such as 

radiation protection, fire protection, isolation and tagging requirements, and 
inspection and testing requirements;

—  Identify the required records, such as work completion and spare parts used;
—  Identify the status of work;
—  Identify if the work is safety related or not;
—  Identify any related safety hazards;
—  Ensure the work is authorized;
—  Estimate personnel requirements and any special training needs;
—  Specify any reviews required upon completion.

307. A work request system should be used to facilitate and control work, by ensur
ing that work is systematically planned, accomplished and documented.

308. The planning system should list and be able to sort all work requests on the 
basis of work description, priority assigned, date initiated and configuration 
requirments to perform the work. The system should be able to track the status of all 
work requests, in particular those on hold for planning, spare parts, materials or other 
constraints. The system should be capable of tracking completion of testing prior to 
return to service.
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309. Detailed planning for outages should be accomplished and a tracking system 
should be used to monitor completion status and to ensure controlled execution of 
outage activities. Outage planning should be a continuing process involving the next 
scheduled outage and several future outages. Milestones should be developed and 
used to track the progress of pre-outage work. Planning should be completed as far 
in advance as possible, as circumstances may cause the outage to begin earlier than 
planned.

310. The outage plan should include an overall plan to control and properly 
sequence outage tasks. Sufficient detail should be included to co-ordinate the work 
and track progress. The schedule forms the basis for outage progress reporting. A 
review should be conducted after each outage to seek to improve the strategy for the 
next planned outage.

WORKING DOCUMENTS

311. Prior to the performance of work, suitable documents shall be provided to 
enable personnel to carry out their tasks correctly, safely and efficiently.

312. Personnel should be aware that they are responsible for performing assigned 
tasks in accordance with these documents.

313. Vendor supplied documents, such as operating, maintenance, test and calibra
tion instructions, and approved drawings with acceptance criteria, could provide suit
able instructions. In that case, the applicable sections should be specified in plant 
documents.

314. Personnel should be made aware of the process for reporting non-confor
mances in working documents and encouraged to report any such non-conformances.

315. The detail of working documents should strike a balance between written 
instructions and personnel competencies and be based on the complexity, periodici
ty and importance of the work being described. For example, startup procedures 
should include provisions for determining that certain prerequisites have been met, 
including confirmation that instruments are operable and properly set; valves are 
properly aligned; required procedures, tests and calibrations have been completed; 
and required approvals have been obtained. Working documents should provide 
sufficient flexibility to accommodate variations in the work methods but define any 
limitations (technical, managerial, etc.). For further guidance on working documents 
and their development see Safety Guides 50-SG-09, Q l and Q3.
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H O U S E K E E P IN G  A N D  C L E A N L IN E S S

316. Maintaining plant cleanliness should be considered an essential activity, and 
standards for housekeeping and cleanliness should be established to:

—  prevent contamination of items and protect open systems and equipment from 
foreign material during maintenance and modification;

—  require the removal of contaminants and the prevention of contamination;
—  control the movement of materials, equipment, tools and personnel in and out 

of work areas;
—  ensure that cleanliness inspections are performed immediately prior to sys

tem/component closure;
— reduce the risk of conventional accidents such as fires.
—  minimize the risk of injuries.

MEASURING AND TEST EQUIPMENT

317. Equipment used for monitoring the operation of plant systems, and for data 
collection, inspections and tests, shall be of the proper type, range, accuracy and 
precision and be in good condition (see Safety Guide 50-SG-Q4).

SHIFT CHANGEOVER

318. Shift changeover shall be carried out according to a formal process. An 
account o f plant and work status is usually presented in reports and logs which fol
low a standard format.

319. The process o f shift changeover should identify the persons involved, their 
responsibilities, the locations and the conduct of shift changeovers, and the method 
of reporting plant status, including provisions for special circumstances such as 
abnormal plant status and staff unavailability.

320. Shift changeover should address the following:

—  Operating status of major components and systems;
—  Significant safety and general plant parameters (including any identified 

trends);
—  Systems in an abnormal or degraded configuration; testing anomalies;
—  Significant new defects since supervisor’s previous shift;
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—  Schedules and duration of current and planned work, outages and work 
permits;

—  Special instructions from the operating organization;
—  Temporary operating instructions, design changes and notices;
—  Handover o f keys;
—  Review of logs.

321. On shift changeover, the incoming control room operator should inspect the 
control panels, observing the following:

—  Annunciations in alarm condition,
—  Equipment in abnormal condition,
—  Trends shown on data recorders,
—  Indications of key safety parameters.

NORMAL OPERATING PROCEDURES

322. The following typical operating procedures should be provided:

—  Initial startup and startup after refuelling, from cold or hot conditions and after 
reactor trips

—  Controlled shutdown and reactor trip
—  Steady state power operation
—  Fuel loading and unloading
—  Load changing
—  Testing.

323. Procedures are also required to enable the operator to correct alarm conditions 
for those events where system complexity might lead to operator uncertainty. For fur
ther guidance see Safety Guide 50-SG-09.

TEMPORARY PROCEDURES

324. Temporary procedures/instructions may be issued only when permanent pro
cedures do not exist. The document control requirements for temporary procedures 
should be the same as the controls applied to permanent procedures. Acceptable 
occasions for temporary procedures are as follows:

—  Providing guidance in unusual situations not within the scope of the normal 
procedures;
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—  Ensuring orderly and uniform operation for short periods when a system or a 
component is performing in a manner not covered by existing procedures or 
has been modified or extended in such a manner that portions o f existing pro
cedures do not apply.

325. Temporary procedures should designate the period o f time during which they 
may be used. Their status should be periodically (typically at monthly intervals) 
reported to the plant management together with any numerical trends.

EMERGENCY OPERATING PROCEDURES

326. Expected emergency conditions shall be identified and procedures for dealing 
with them prepared for use when required.

327. Since emergencies may not follow anticipated patterns, the procedures should 
provide for sufficient flexibility of actions to accommodate variations, including 
multiple and sequential failures.

328. The objective of emergency procedures is to return the plant to a condition cov
ered by normal procedures or to provide for a safe extended shutdown period under 
emergency conditions.

VERIFICATION

329. Operating items, services and processes requiring periodic verification shall be 
identified in operating procedures or other relevant documents. The following are 
typical operating activities that are subject to verification:

—  Important operating manoeuvres;
—  Restoration following maintenance or testing;
—  Run-in following repair or maintenance;
—  Status of the systems needed for startup;
—  Equipment operation during testing;
—  Equipment line-ups;
—  Availability of stand-by components;
—  Work that affects personnel safety.

330. Normal alignment should be confirmed by a combination of functional tests, 
performance tests and physical verification. Physical verification should not be used 
where it would result in excessive radiation exposure.
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S U R V E IL L A N C E

331. A surveillance programme shall be established and implemented. It should 
consist of planned activities carried out to verify that the plant is operated within the 
operational limits and conditions and to detect in time any deterioration of items that 
could result in an unsafe condition (in some Member States surveillance is referred 
to as performance monitoring). For further guidance on surveillance see Safety 
Guide 50-SG-08 (Rev. 1).

TESTING

332. The following categories of tests should be conducted:
—  Tests during the initial operation stage,
—  Surveillance tests during the operation stage,
—  Functional tests during the operation stage.

333. Tests during the initial operation stage are performed to:
—  demonstrate the performance of systems and components that could not be 

tested prior to operation;
—  confirm or determine those parameters and characteristics that need to be 

known but which could not have been accurately predicted;
—  confirm that the plant conforms to applicable design and safety requirements.

334. Surveillance tests during the operation stage are performed to:

—  ensure that systems and components are available to operate as designed;
—  detect degradation;
—  provide data for refining system reliability calculations;
—  reveal unsatisfactory trends in the performance of individual components or 

component types on a long term basis.
335. The scope and frequency o f surveillance tests should be specified and shall be 
consistent with regulatory requirements.
336. Functional tests during the operation stage are used to demonstrate satisfactory 
performance following maintenance, modification, replacement or significant 
procedural changes.

337. Operating parameters for testing shall be prescribed. If  a test requires the para
meters to be outside of their normal range, their limits shall also be prescribed.
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338. Parameters such as direction of rotation, bearing temperatures, vibration, time 
delays and ability to operate with remote and local controls should be examined dur
ing functional surveillance tests.

339. The recording and presentation of testing results should permit easy compari
son with previous tests and the detection of changes from previous tests and ftom the 
reference values measured during equipment commissioning.

340. Non-conformances found during testing should be analysed and systematically 
corrected within specified time limits in order to restore operability and to decrease 
the probability of recurrence.

SOFTWARE

341. Computer software that could affect safe and reliable plant operation should be 
validated and periodically tested to ensure continued computer program integrity.

IDENTIFICATION AND LABELLING

342. Plant areas and installed items shall be uniquely and permanently labelled to 
provide plant personnel with sufficient information to positively identify them.

343. The identification should be consistent with the identification codes and termi
nology used in operation documents.

EQUIPMENT STATUS AND CONTROL

344. The control room staff shall be informed of, and approve, work in the plant 
affecting the status of systems and components. Operators should be kept informed 
of the plant status by:

—  Operator surveillance
—  Communications
—  Checklists
—  Logkeeping
—  Records of alarms
—  Reports o f abnormal system conditions
—  Reports on defective equipment
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—  Shift changeover briefings among the operating crew
—  Work authorization and tagging systems
—  Control of temporary and permanent plant modifications.

345. There shall be a system to confirm plant configuration. Control measures, such 
as locking and tagging, should be documented and be used to ensure the protection 
of personnel and equipment during maintenance, modification and testing and to pre
vent inadvertant operation. The positions of valves, switches and other items impor
tant to safe operation shall be known.

346. Work authorization procedures should clearly define the responsibilities relat
ed to equipment isolation, post-maintenance testing and restoration to service. 
Procedures should be implemented to control the placement and removal of caution, 
warning and information tags installed on equipment for the protection of personnel 
or equipment. Tags should be periodically reviewed for accuracy and continued 
applicability.

347. Prior to granting permission for work, operating personnel should verify that 
the system or component can be released, determine how long it may be out of ser
vice, and determine what functional testing or redundant systems are required prior 
to and during the out-of-service period. Granting of such permission should be doc
umented. Potential nuclear power plant or system degradation should be considered 
when a subsystem is to be removed for maintenance or surveillance testing to ensure 
that the nuclear power plant configuration is not outside the operational limits and 
conditions.

348. When systems or components are removed from service, confirmation should 
be specified to the extent necessary to ensure that the proper item was removed. This 
may be carried out by independent physical confirmation of the appropriate equip
ment and controls, along with the use of appropriate tags and records, or by indirect 
means, such as observation of indicators and status lights. The confirmation may be 
waived if  the only way of accomplishing it would result in excessive radiation 
exposure.

349. When systems or components are ready to be returned to service, operating 
personnel shall confirm its functional acceptability. Attention should be given to the 
restoration of normal conditions, such as: removing jumpers used during mainte
nance or testing; returning valves, breakers or switches to proper startup or operating 
positions from “test” or “manual” positions; and ensuring that all alarms which are 
indicative of inoperative status are extinguished.
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350. The status of inspections, calibrations and tests performed on individual sys
tems or components in the nuclear power plant should be indicated by the use of 
markings such as stamps, tags, labels, routing cards or other suitable means, includ
ing identification numbers which are traceable to records of the status of inspections, 
calibrations and tests. Control room indicators and operating devices that are out of 
service should be appropriately tagged or labelled.

TEMPORARY MODIFICATIONS

351. The operating organization shall establish a system to control temporary mod
ifications, such as temporary by-pass lines, electrical jumpers, lifted electrical leads, 
temporary trip-point settings, temporary blank flanges and temporary defeats of 
interlocks. The system should provide for the necessary authorizations, precautions, 
documentation and removal of temporary modifications.

352. Line management should periodically review outstanding temporary modifica
tions to confirm their continued need and to check that operating procedures, instruc
tions, drawings and operator aids conform to the approved configuration. Immediate 
action should be taken to remove those whose need has passed. The status of tempo
rary modifications should be periodically (typically at monthly intervals) reported to 
the plant manager.

353. The authorization of proposed temporary modifications shall ensure that they 
do not involve or cause a change in the approved operational limits and conditions or 
result in an unreviewed safety question. The review of proposed additional temporary 
modifications should also consider existing temporary modifications and the effect of 
the proposed change.

354. The number of temporary modifications should be minimized. A time limita
tion should be specified for their placement.

FUEL HANDLING

355. Fuel handling shall be carried out under controlled conditions from the time of 
receipt of fuel through core loading, approach to criticality, on-line refuelling, and 
fuel removal, storage, transportation and disposal. For further guidance on fuel han
dling see the Code 50-C -0  (Rev. 1) and Safety Guide 50-SG -010. Additional details 
are contained in IAEA Safety Series No. 6, Regulations for the Safe Transport of 
Radioactive Material.
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RADIOACTIVE WASTE MANAGEMENT

356. The generation of radioactive waste should be minimized and provisions made 
for the safe handling, storage, transport and disposal of radioactive waste liquids, 
solids and gases.
357. The control o f radioactive wastes should ensure they are within authorized lim
its and conditions and should include for example:

—  Identifying the source,
—  Segregating the waste,
—  Identifying quantities and activity levels,
—  Carrying out treatment and conditioning,
—  Using appropriate packaging and transportation methods,
—  Establishing correct storage and disposal,
—  Maintaining inventories,
—  Preventing unauthorized access,
—  Generating records.

For further guidance on radioactive waste management see Safety Guide 5 0 -S G -0 1 1.

358. The operating organization is responsible for ensuring that the transportation of 
radioactive waste to a licensed repository satisfies regulatory requirements, and that 
the wastes conform to the disposal requirements of the repository and the regulatory 
body. For further guidance on the transport of radioactive material see Safety Series 
No. 6, Regulations for the Safe Transport of Radioactive Material.

PLANT MAINTENANCE

359. Before commencement of operation, the operating organization shall prepare a 
maintenance programme. The maintenance programme should be developed during 
the pre-operational stages. It should be prepared by personnel with maintenance 
experience. Pertinent information from designers, manufacturers and other operating 
organizations should be used.

360. Successful implementation of the maintenance programme requires the fol
lowing:

—  Planning and prioritization of maintenance work;
—  Availability of qualified personnel with suitable skills;
—  Practicable maintenance procedures;
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—  Availability of spare parts;
— Availability of special tools and equipment;
—  A satisfactory working environment, including isolation, work protection and 

consideration of radiation hazards;
—  Performing the required inspections and tests.

361. To assist in selecting and scheduling maintenance work, the programme should 
establish an equipment database for plant equipment which records the following:

—  Identity of the manufacturer,
—  Model number of each item,
—  Relevant information, such as vendor manuals and drawings, spare part refer

ence numbers, and cross-references for equipment which is common to various 
systems.

362. Corrective maintenance (the repair and restoration of defective items) is nor
mally carried out using a work control system. In cases where the defective item 
affects the safe and reliable plant operation, the deficiency should be brought to the 
attention of the control room staff and where appropriate to the management o f the 
operating organization.

363. The frequency and severity of item failures should be recorded and analysed to 
identify the causes of the failures and to look for common mode failures. This infor
mation should be used as input to the preventive maintenance programme.

364. A preventive maintenance programme which prescribes the frequency and type 
o f maintenance to be performed should be devised. Preventive maintenance includes 
measurement and analysis of the condition of equipment to predict its failure. 
Preventive maintenance typically includes:

—  Lubrication
—  Filter changes
—  Replacement of consumable items
—  Elimination of leaks
—  Checking of protection from hostile environment
—  Checking of equipment condition
—  Vibration analysis
—  Thermography
—  Periodic calibrations or checking of calibrations.

365. Preventive maintenance actions that are deferred beyond specified time inter
vals should be reviewed, and approval obtained. This deferral should be reported 
periodically to the plant manager.
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366. Plant maintenance work should be monitored and trends evaluated to identify 
necessary improvements. The following maintenance performance indicators should 
be considered:

—  Unit forced outage rate,
— Availability of the same component in other systems,
—  Availability of safety systems,
—  Unplanned automatic scrams,
—  Radiation exposure to personnel conducting maintenance activities,
—  Injuries and accidents to personnel conducting maintenance,
—  Maintenance backlog (corrective and preventive maintenance),
—  Overtime worked by personnel involved in plant maintenance,

—  Assessment results in maintenance areas.

367. The operating organization should participate in the maintenance process by:

—  Frequent personal contact with maintenance staff, including the observation of 
work in progress;

—  Establishing and implementing a set of maintenance performance indicators;
—  Participating in evaluations of the maintenance process;
—  Providing feedback derived from maintenance performance indicators for plant 

operations.

For further guidance on maintenance see Safety Guide 50-SG -07 (Rev. 1). 

MAINTENANCE SHIFT CHANGEOVER

368. A formal shift changeover process shall be implemented by maintenance staff. 
The principles used by operation staff should be applied to ensure that the status of 
work in progress at shift changeover is understood. The use of log books is recom
mended.

MAINTENANCE FACILITIES AND EQUIPMENT

369. Maintenance facilities and equipment shall be adequate to ensure that pre
ventive and corrective maintenance can be performed effectively during operation, 
refuelling and major outages. Provisions, for example design change control, shall 
be made to ensure that additional building services, such as electrical, compressed 
air and water requirements for major temporary facilities, do not overload or com
promise installed systems (see Safety Guide 50-SG -07  (Rev. 1) for additional 
details).
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CONTROL OF EXTERNAL PERSONNEL

370. Personnel who are not dedicated to the nuclear power plant specific areas and 
personnel of external suppliers (external personnel) who perform maintenance or 
modifications on plant systems should be appropriately trained and qualified for the 
work they are to perform. These personnel shall receive general employee training 
and specific training in appropriate nuclear power plant procedures and practices. 
Adequate time should be provided for this training. Experienced and qualified per
sonnel could be allowed to bypass training by proving proficiency.

371. External personnel should perform maintenance under the same controls as, 
and to the same work standards as, nuclear power plant maintenance personnel. Plant 
supervisors should review the work of these personnel during preparation for work, 
at the job site, and during post-maintenance testing and acceptance inspection.

IN-SERVICE INSPECTION

372. Before commencement of operation, an in-service inspection programme shall 
be prepared for implementation during the operating life of the plant to detect possi
ble deterioration. For further guidance on in-service inspection see the Code 50-C -0  
(Rev. 1), and Safety Guides 50-SG -02  and Q4.

RADIOLOGICAL SAFETY

373. A radiation protection programme should be established and implemented.

374. Radiation exposure trends should be determined for each working group, area 
and activity. Annual goals should be established for radiation exposures to be made 
as low as is reasonably achievable. For further guidance see Safety Guide 50-SG -05.

ENVIRONMENTAL MONITORING

375. The methods and procedures for controlling and monitoring radioactive efflu
ents on and off the site to maintain levels within operational limits and conditions 
shall be documented before plant operation. The site monitoring should start well 
before the plant startup.

376. Discharge pathways for radioactive releases and toxic releases to the environ
ment shall be identified and monitored in accordance with details to be found in 
Safety Guides 50-SG -05, 50-SG -09  and 50-SG -011.
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CORE MANAGEMENT

377. Core loading, approaches to criticality, and safe and optimum operation of the 
reactor core without exceeding operational limits and conditions are carried out in 
accordance with the requirements of the Code 50-C -0  (Rev. 1) and the recommen
dations given in Safety Guide 50-SG -010.

PLANT MODIFICATION AND DESIGN CONTROL

378. All personnel should be able to identify the need for a modification and report 
this need by submitting a design change request in accordance with modification pro
cedures. Such requests should be subject to approval in accordance with plant pro
cedures. Requests should be evaluated on the basis of their impact on plant safety and 
reliability, plant operation and performance, personnel safety and regulatory require
ments. Considerations should include the requirements of training upgrades and 
associated hardware. Unnecessary changes should be screened out, and approved 
changes appropriately prioritized. Request originators should be informed of the 
status of their requests. The status of requests should be tracked through the modifi
cation process to ensure that associated work is completed. The backlog of modifi
cations should be reviewed periodically and kept to a minimum.

379. An organizational unit should have overall responsibility for design changes. 
The organization responsible for maintaining design integrity should review and 
approve design changes. Design changes should be developed with plant input and 
should include a functional description of the modification, a validation that the pro
posed modification will solve any relevant problems, and a safety review that 
includes design inputs and plant safety considerations.

380. Work (for example design, procurement, installation) related to each modifica
tion request should be adequately scheduled and tracked through to confirmation of 
completion. Plant management should be kept informed of the status of this work and 
appropriate action should be taken to meet schedules. The monitoring of the modifi
cations through review, approval, design, implementation, testing and closeout 
should be carried out to ensure that modifications are completed in accordance with 
plant priorities.

381. Modifications scheduled for outage work should be ready for implementation 
in advance of the outage. Sufficient time should be allowed for final reviews, 
preparation of materials, isolations, installation procedure preparation, workforce
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scheduling, co-ordination of support work such as radiological controls and compo
nent isolations, and scheduling of post-modification testing.

382. The detailed design package for modifications should specify construction, 
installation, testing, environmental qualification, and functional testing requirements 
and test acceptance criteria. Designers should visit and examine the plant for the 
modification to identify and eliminate interferences and operating and maintenance 
problems, and to'ensure that the field installation is accurately reflected on as-built 
drawings. Configuration control methods should exist to ensure that modifications in 
the same location do not conflict when installed, for example by using the same 
space, penetration or hanger.

383. Operability, maintainability, constructability, testability, human factors, 
ALARA principles and regulatory requirements should be considered throughout the 
modification process. The design change should be reviewed by those directly con
cerned and comments compiled and resolved by the design organization and other 
technical staff as appropriate. Industry and in-house operating experience, including 
procurement of equipment, should be considered.

384. Modification package reviews should ensure that previous plant modifications 
and industry experience inputs are not inadvertently deleted by the modifications. A 
safety review should be part of the technical review.

385. Procedures, instructions and acceptance tests should be used during the instal
lation of modifications to ensure that the design requirements are met. Hold and 
inspection/witness points should be established when applicable during modification 
installation and testing.

386. Completed installations and system acceptance test results should be reviewed 
and verified against the approved design, by the designer, prior to plant acceptance 
of the modified system/component. Acceptance tests should include specific accep
tance criteria based on performance criteria and testing requirements specified as part 
of the modification process.

387. Design documents (for example drawings, specifications) that have been 
revised or developed from the modification process should be subject to the require
ments of configuration control. Changes to these documents should be traceable to 
the modification and submitted for approval prior to formal revision.

388. Training should be conducted to ensure that appropriate operation and mainte
nance personnel are familiar with modified systems and sufficiently knowledgeable
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to operate and maintain that equipment in a safe and reliable manner. Appropriate 
training should be completed prior to the operation or maintenance of the modified 
system and should include required reading, pre-shift briefings or formal training, 
depending upon the complexity of the modification and its impact on plant operation 
and maintenance. Training packages (including plant simulators and their software) 
should be revised to reflect modifications. If  major equipment changes are a part 
of the modification, associated hardware procurement and modifications necessary 
to support training should be developed in conjunction with the detailed design 
package.

PLANT HISTORY

389. The plant history should contain data from the following subject areas:

—  Operational performance
—  Maintenance history file
—  Inspections and tests
—  Radiological protection
—  Radioactive effluents and wastes.

390. The plant history system should identify the items for which historical data 
need to be collected. This compilation of data should provide an engineering data
base to permit easy cross-reference to information such as the equipment unique 
identification number and name, system, manufacturer, manufacturing records, 
model, serial number, other appropriate name plate data, lubrication data, applicable 
vendor manuals and drawings, spare parts reference numbers and common 
equipment.

391. The plant history system should define the type of data that should be collect
ed and recorded, for example: operational parameters, incidents, reactor trips, mal
functions and transients, corrective maintenance records, preventive maintenance 
records, modification packages, repair information, startup test and other baseline 
data, appropriate surveillance test data, calibration data, spare parts information and 
applicable industry experience information.

392. Completed work records should be reviewed for retention requirements and 
applicable data entered in the plant history programme. Any apparent errors, incon
sistencies or lack of detail should be referred back to the maintenance supervisor or 
another appropriate supervisor for resolution.
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393. Maintenance planners, co-ordinators, supervisors and craftsmen should use 
plant history on a routine basis for maintenance planning to provide data such as pre
vious maintenance work and results, special tool needs, type and quantity of lubri
cants needed, workforce and time requirements, parts information, and procedure or 
instruction needs.

394. These planning activities can be carried out manually or with automated analy
sis techniques. Persistent or recurring equipment and system problems should be 
reported to maintenance or technical support supervisors for corrective actions. 
These reviews can also help identify areas where decreased maintenance effort is 
warranted (for example, reduced preventive maintenance frequency). Plant history 
data should be used for:

—  Failure analysis (provide some of the data needed to support the analysis and 
trending of failures);

—  Conduct of maintenance assessments (provide an input to identify rework for 
the purpose of identifying maintenance programme improvements);

—  Preventive maintenance (provide some of the data useful for identifying and 
justifying preventive maintenance programme changes);

—  Outage planning (provide some of the data useful for post-outage evaluation 
and as a basis for planning the next outage);

—  ALARA programme (provide work time data useful for radiological exposure 
evaluation and planning);

—  Review of industry experience and vendor information;
—  Extension of plant design life (life extension);
—  Periodic safety review.

For further guidance see Safety Guide 50-SG -012.

PERIODIC SA FETY REVIEW

395. Periodic safety reviews should be performed to substantiate continued safe and 
reliable plant operation.

396. The responsible organization should define the scope and objectives of each 
safety review.

397. The review process should:

—  confirm that the nuclear power plant and individual items are safe for a defined 
period of future operation;
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—  assess the effects of ageing in order to conservatively estimate the ability of 
items to perform safely during the defined period;

—  identify and evaluate factors that could limit safe operation during the defined 
period;

—  compare the original design safety case against current safety standards and 
requirements;

—  identify improvements that are reasonably achievable.

398. The inputs to the review should include: operational performance data; results 
from in-service inspection; ageing and testing programmes; plant radiation levels; 
radiological and industrial safety performance; and planned and unplanned releases 
to the environment.

399. Any proposals arising from the review, such as plant modifications, changes to 
operational limits and conditions, and maintenance or test procedures, should be 
processed accordingly.

400. The results of periodic safety reviews should be used, for example, to:

—  confirm that the nuclear power plant or individual items can be operated safely 
for a defined period of future operation;

—  identify and evaluate factors that could limit safe operation during the defined 
period;

—  revise the existing safety case to satisfy current safety standards and require
ments;

—  provide input to life extention studies.

CHEMISTRY AND RADIOCHEMISTRY

401. Management should ensure that chemistry and radiochemistry work provides 
optimum protection for plant systems and materials. The requirements for chemistry 
and radiochemistry work should include:

—  Chemistry and radiochemistry specifications, and actions required if specifica
tions are exceeded,

—  Performance specifications for equipment used to analyse or control water 
purity,

—  Accuracy criteria for analyses,
—  Chemistry and radiochemistry quality control,
—  Goals for improvement in chemistry and radiochemistry.
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402. The objective of these requirements is to ensure:

—  continued safe operation,
—  lifetime integrity,
—  minimum corrosion and the build-up of radioactive contamination,
— minimum release o f effluents to the environment.

403. Chemistry and radiochemistry work normally consists of:

—  Monitoring, sampling and trending chemistry and radiochemistry parameters 
at specified frequencies to ensure the timely detection and correction of abnor
mal or unacceptable trends and conditions;

—  Evaluating chemistry data to identify control problems and analytical errors, 
and to correct them;

—  Controlling of laboratory conditions, practices, equipment and materials to 
ensure the accuracy of analytical results;

—  Ensuring the proper handling, storage, use and disposal of bulk chemicals, 
spent resins, laboratory chemicals, corrosive agents and cleaning agents.

CONDITION MONITORING

404. Monitoring of installed items should be carried out during the operation stage 
to confirm their satisfactory condition. Equipment, monitoring frequency, criteria 
and monitoring methods should be identified and should include, for example, those 
presented in Annex II. Information from condition monitoring should be fed back to 
those responsible for the review of the maintenance programme and used to improve 
performance.

REVIEW  OF OPERATING EXPERIENCE

405. The feedback of operational events at nuclear power plants is necessary to 
improve safety. Management should provide sufficient resources and dedicated per
sonnel for the evaluation and feedback of operating events, including those from 
other plants. Management should clearly define responsibilities and should be suffi
ciently involved to ensure completion of any improvements and corrective actions 
arising (see the Code 50-C -0  (Rev. 1)).
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PROCUREMENT

406. During the operation stage the following unique conditions may arise:

(1) It may not always be desirable to procure replacement items to the same tech
nical requirements that were applied in the procurement of the original item. In 
this situation, the items should be procured to requirements equivalent either to 
those specified for the original equipment or to those requirements specified by 
a properly reviewed and approved version of these requirements which may 
have resulted from an updating of original codes and standards.

(2) It may not be possible to establish what technical requirements were specified 
for the original procurement. In this situation, an engineering evaluation should 
be conducted and new technical requirements established and documented. 
Care shall be exercised to specify performance requirements at least equivalent 
to the original performance requirements. This evaluation shall take into 
account interfaces and interchangeability, and ensure that safety functions are 
not adversely affected and that they are in accordance with regulatory or code 
requirements.

(3) Replacement parts may be no longer available. In this situation, the parts may 
be manufactured on the site provided that all the requirements specified for the 
original part can be satisfied; or substitute items, including those of commer
cial grade, may be acquired following approval by the organizational unit hav
ing overall responsibility for design.

407. In all these situations, an engineering evaluation should be undertaken to deter
mine if  QA requirements are appropriate and whether they should be included in the 
technical specifications. If  the original item was procured without specifically iden
tified QA requirements, then, after a review of the nature and application of the item, 
it may be appropriate for spare and replacement parts to be similarly procured.

408. Optimum inventory stock levels o f spare parts should be maintained. 
“Minimum/maximum” quantities of spare parts should be established for prompt 
reordering when the minimum has been reached. These limits should be reviewed 
periodically (for example, annually or upon each reorder) and adjusted on the basis 
of usage, maintenance experience, cost and lead time. For further guidance see Safety 
guide Q6.

HANDLING AND STORING

409. Items shall be controlled to ensure that only correct items are used in the nuclear 
power plant. For this purpose, items should be identified. Physical identification
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should be used to the extent possible and the identification should be transferred to 
each part of an item before it is subdivided.

410. Substitution of items should be controlled. Approval to use substitute items 
should be based on an engineering evaluation of the new items. This would include 
the use of commercial grade parts or materials in applications that have an impact on 
the safe operation of the plant.

411. Provisions should be made to prevent the damage, deterioration or loss of 
items. For this purpose, items should be stored in a manner that provides for ready 
retrieval and protection. Storage should be controlled to prevent deterioration of 
degradable material, such as O-rings and instrument diaphragms.

412. Preventive maintenance of items held in storage should be performed on items 
such as large pumps and motors, including periodically checking energized heaters, 
periodically changing desiccants, rotating shafts on pumps and motors, changing oil 
on rotating equipment, and other maintenance requirements specified by the vendor.

413. Items removed from or placed into stores, including surplus material returned 
to store, should be promptly documented so that the stores inventory is accurate. The 
stores record system should also indicate the location of materials and parts in the 
warehouse, stores issue room or other designated storage areas.

414. An item whose shelf-life has expired should be discarded unless an engineer
ing evaluation is conducted and engineering approval obtained prior to use of the 
item.

415. For critical, sensitive, perishable or high value items, special coverings, equip
ment and protective environments, such as inert gas atmospheres, moisture and tem
perature control, should be specified and provided. These measures could also be 
applied to installed items subject to extended out-of-service conditions.

416. Controls should also be established for field storage of consumables such as 
lubricants and solvents to ensure they are properly stored and identified.

417. Storage practices should ensure that:

—  corrosive chemicals are well segregated from equipment and metal stock;
—  flammables are properly stored;
— radioactive material is properly controlled;
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—  stainless steel components are protected from halogens and from direct contact 
with other metals, particularly carbon steel;

—  relief valves, motors and other equipment are stored on their bases;
—  containers (boxes, barrels, crates) are stacked to reasonable heights and in 

accordance with vendor and storage instructions;
— parts, materials and equipment are repackaged, or protective caps reinstalled to 

seal items on which previous packaging or protective caps have deteriorated, or 
been damaged or lost while in storage;

—  elastomers and polypropylene parts are stored in areas not exposed to light;
—  machined surfaces are protected;
—  equipment internals are protected from the ingress of foreign materials;
—  material, equipment and storage facilities are properly protected from rodents;
—  there is suitable segregation of safety related and non-safety-related 

components.

418. Access to storage areas should be restricted.

419. Items removed from storage shall be protected. Handling of items should con
sider factors such as weight, size, certification and regular inspection of hoisting/lift
ing equipment, chemical reactivity, radioactivity, susceptibility to physical shock, 
damage or electrostatic sensitivity, sling location, balance points and method of 
attachment. Special handling tools and equipment should be provided, controlled and 
inspected periodically as necessary to ensure safe and adequate handling.

4. ASSESSMENT

MANAGEMENT SELF-ASSESSM ENT

501. Management self-assessment should be carried out in accordance with Safety 
Guide Q5.

INDEPENDENT ASSESSM ENT

502. Typical subjects to be addressed by independent assessment during operation are:

—  Control room operation
—  Equipment performance during normal operation and tests
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—  Operating experience and characteristics
—  Abnormal amounts of corrective maintenance or high unavailability of equip

ment
—  Trending and analysis problems, including the results of testing and in-service 

inspection
—  Significant changes to procedures and other documents
—  Unreviewed safety questions
—  Abnormal occurrences and significant equipment failures.

For further guidance on independent assessment see Safety Guide Q5.
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Annex I

EXAMPLES OF OPERATION ACTIVITIES WHICH MAY REQUIRE
PROCEDURES

—  Security
—  Equipment control (for example locking and tagging)
—  Surveillance inspection and test
—  Calibration
—  Equipment qualification
—  Plant modifications
—  Shift turnover
—  Transfer of authority during emergency conditions
—  Plant logs
—  Access controls
— Temporary modifications
—  Fire protection
—  Housekeeping and cleanliness
—  Assessments
—  Operating experience feedback
—  Work control
—  Significant operational activities
—  Incident investigation
—  Organizational interfaces arrangements
—  Qualification and training
—  Planning and scheduling
—  Industrial safety arrangements
— Emergency preparedness and response
—  Plant identification and labelling
—  Emergency operation
—  Non-conformance reporting and corrective actions
—  Material control
—  Supervision of contractors
—  Configuration management
—  Conservation and preservation
—  Document control
—  Records management
—  Core management
—  Plant history data recording
—  Computers and software management
—  Control of experiments
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—  Periodic safety review
—  Procurement
—  Handling, storage and shipping
—  Maintenance
—  Radiological protection
—  In-service inspection
—  Fuel handling
—  Events reporting
—  Chemistry
— Radioactive waste and effluent management
—  Environmental monitoring
—  Grading
—  Inventory controls
—  Design control.
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Annex II

A .l. The condition monitoring programme should include:

—  Vibration analysis, bearing temperature monitoring and lubrication oil analysis 
of rotating parts;

—  Infrared surveys of heat producing equipment such as motors, circuit breakers, 
batteries and thermally insulated areas;

—  Monitoring of readings of selected plant instrumentation against nominal val
ues and acceptance criteria;

—  Testing and analysis of check valves using acoustic monitoring;
—  Testing and analysis of motor operated valves by performing current, voltage 

and timing checks;
—  Insulation resistance checks.

A.2. The programme should refer to the standards that the items are required to con
form with. Typically, these standards require that:

—  Rotating equipment is operating in accordance with design specifications (for 
example, bearing temperatures normal, vibration levels normal, and shaft seal 
leakage limited to that required to cool and lubricate the shaft seals);

— E quipment is properly serviced (for example, lubrication, drive belts, filters);
—  Fluid system integrity is maintained. Leaks that can be corrected during plant 

operation are repaired. Leakage from plant components that cannot be repaired 
under existing plant conditions is collected and routed to appropriate drains or 
collection facilities, particularly if this leakage could cause a further degrada
tion of plant equipment, present a safety hazard or cause the spread of radioac
tive contamination;

— Temporary repairs are recorded and controlled. Permanent repairs are sched
uled when plant conditions permit;

—  Instruments and gauges are operational, calibrated, on scale, and indicate val
ues representative o f the existing system and equipment conditions;

—  Energized electrical and electronic equipment is operable, supplied from nor
mal power sources, and protected from adverse environmental effects such as 
leaks and overheating;

—  Protective cabinet doors and electrical enclosure covers are installed to main
tain design integrity (for example, all fasteners installed and tightened, filters 
cleaned);

CONDITION M ONITORING
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—  Equipment and systems are insulated to control heat transfer to or from the 
environment, to control ambient noise levels, and to provide personnel safety;

— Plant equipment and systems subject to corrosion are protected with a preser
vative to minimize corrosion;

—  Temporary environmental protection is provided, where appropriate;
—  Industrial safety is minimized (for example, chemicals, oils and solvents prop

erly stored; fire barriers maintained; trip hazards non-existent);
—  Radiological hazards are minimized (for example, radiological postings cur

rent and in place; radiological barriers and step-off pads properly established; 
sources of contamination identified);

—  Walkway and equipment access is maintained;
—  Equipment is clean (for example, dirt, debris, tools, parts and miscellaneous 

materials are not allowed to accumulate on equipment or inside electrical 
panels);

—  Plant areas, rooms and grounds are maintained in a clean and orderly condi
tion, including the storage of tools and material;

—  Coatings or coverings used to seal walls and floors in potentially contaminat
ed areas are in good condition and assist in controlling contamination;

—  All modifications to the plant design are properly authorized and implemented;
—  Illumination of areas, rooms and grounds is maintained in a manner that 

provides sufficient light to perform inspections and minor maintenance.
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1. INTRODUCTION

101. This Safety Guide is part of the IAEA Nuclear Safety Standards (NUSS) pro-* 
gramme. It gives recommendations relative to the fulfilment of basic requirements- 
given in the Code on Quality Assurance for Safety in Nuclear Power Plants and other. 
Nuclear Installations (hereinafter known as the Code) and complies with the require-; 
ments o f the Code 50 -C -0  (Rev. 1). Requirements and recommendations on all 
aspects of the safe decommissioning of nuclear facilities are provided in the IAEA* 
Radioactive Waste Safety Standards (RADWASS) Programme. This Safety Guide is 
complementary to the respective RADWASS publications and provides details on the, 
quality assurance (QA) for decommissioning of nuclear power plants. It should be 
used in support of that programme.

102. Methods and solutions for fulfilling the basic requirements of the Code other 
than those set out in Safety Guides may be acceptable provided they result in at least 
the same level of nuclear safety.

O BJECTIVE

103. This Safety Guide provides recommendations on how to fulfil the requirements 
of the Code in relation to the decommissioning stage of nuclear power plants.

SCOPE

104., This Safety Guide applies to the QA programmes of the responsible organiza
tion, i.e. the organization having overall responsibility for the nuclear power plant, as 
well as to any other separate programmes in the decommissioning stage of a nuclear 
power plant project or in any other stage where decommissioning activities are to be 
performed. It covers items, services and processes impacting nuclear safety. It may, 
with appropriate modifications, also be usefully applied at nuclear installations other 
than nuclear power plants.

105. This Safety Guide relates to the decommissioning stage of a nuclear power 
plant. The decommissioning stage overlaps with the operation stage. The responsible 
organization may establish separate organizations for these stages or combine them 
under one organization. Whichever organizational arrangement is utilized, the

BACKGROUND

321

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



responsibilities and interfaces must be clearly defined and understood and the status
of the plant established at all times.

STRUCTURE

106. This Safety Guide is arranged into four sections and one annex:

Section 2 provides guidance on QA for the management activities of decommis
sioning.

Section 3 provides guidance on QA for the performance activities of decommis
sioning.

Section 4 provides guidance on QA for the assessment of decommissioning 
activities.

Annex gives examples o f decommissioning activities which may require 
procedures.

2. MANAGEMENT

QUALITY ASSURANCE PROGRAMME

201. The responsible organization shall develop and implement a QA programme 
which describes the overall arrangements for the management, performance and 
assessment of the nuclear power plant decommissioning. This programme should also 
provide the means to ensure that all work is suitably planned, correctly performed and 
properly assessed.

202. After final shutdown there are no generally set technical conditions for the for
mal start of decommissioning activities. The border between operation and decom
missioning is therefore difficult to define and the two stages often overlap.

203. In order to ensure that all activities are continually carried out under controlled 
conditions, the decommissioning QA programme should be developed from the oper
ational QA programme and may overlap with it.

204. In many cases the operation staff may continue to operate the shut down nuclear 
power plant and unload the fuel and maintain the plant under the existing safety
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assessment and the associated operational limits and conditions and QA programme. 
In other cases the fuel may be unloaded as part of the decommissioning process. The 
time at which decommissioning starts and the conditions under which it starts should 
be made clear in the decommissioning plan. The decommissioning QA programme 
should be based upon and developed from the operation QA programme.

205. Procedures shall be defined by the responsible organization for control of 
decommissioning activities to ensure that decommissioning of the plant fulfils speci
fied requirements. Arrangements should be made to ensure that these procedures are 
reviewed and approved before issue, and subsequent amendment of them controlled. 
A list of examples of decommissioning activities which may require procedures is 
contained in the Annex.

206. The responsible organization may delegate and/or require suppliers or other 
organizational units to develop and implement all or part of the QA programme, but 
shall retain overall responsibility for the implementation and effectiveness of the pro
gramme.

207. In such cases, the supplier(s) or other organizational units should prepare QA 
programmes for the work for which they will be responsible and submit them to the 
responsible organization if  required. Guidance on the documents required from the 
supplier for submissions to the responsible organization and the timing of such sub
missions is given in Safety Guide Q6. For further guidance on the development and 
implementation of a QA programme see Safety Guide Q l.

208. The decommissioning process could continue for decades. During that period 
both the responsible organization and the decommissioning contractor could change 
and in between decommissioning phases there could be long periods of care and 
maintenance. Throughout this extended period a QA programme should continue to 
operate and arrangements made to ensure that appropriate records are produced, 
retained and transferred.

GRADING

209. Nuclear safety shall be the fundamental consideration in the identification of 
the items, services and processes to which the QA programme applies. A graded 
approach based on the relative importance to nuclear safety of each item, service or 
process shall be used. The graded approach shall reflect a planned and recognized 
difference in the applications of specific QA requirements.
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210. Activities that could be graded in the decommissioning stage include:

—  The need for and detail of decommissioning documents
—  Management of decommissioning waste
— The review and approval of decommissioning documents
—  The type and detail of training of decommissioning personnel.

For further guidance on grading see Safety Guide Q l.

ORGANIZATION

211. The responsible organization should formally appoint a person on its staff to be 
responsible for decommissioning activities.1

212. The appointed person should have the necessary resources within the decom
missioning organization to discharge the following responsibilities:

—  Ensuring that decommissioning work is carried out in accordance with design 
specifications, drawings, procedures and instructions, including the implemen
tation of specified QA requirements;

—  Ensuring that decommissioning work undertaken, including work by suppliers, 
is co-ordinated, conducted and completed in accordance with planned pro
grammes of work;

—  Managing the decommissioning work and operating the remaining parts of the 
plant;

—  Controlling access to the decommissioning site.

INTERFACES

213. Interfaces shall be described between the decommissioning organization and 
other organizational units. Arrangements should be agreed between organizations 
performing work at or in support of the decommissioning of the nuclear power plant. 
The following examples of interfaces should be addressed:

—  Organizational units within the nuclear power plant, for example units respon
sible for nuclear safety, industrial safety, radiation protection and accident 
management;

1 In some Member States the appointed person is the head of the decommissioning 
organization.
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—  Maintenance and other on-site services;
—  The decommissioning organization and off-site organizations;
—  The decommissioning organization and the organizational units responsible for 

design;
—  The decommissioning organization and the emergency support organization;
—  The decommissioning organization and the regulatory body (see the 

Code 50-C-G  (Rev. 1)).

For further guidance on interfaces see Safety Guide 50-SG-Q1.

TRANSFER FROM OPERATION TO DECOMMISSIONING

214. Plant components and systems shall be formally transferred from the operating 
organization to the decommissioning organization. This transfer should ensure that:

—  non-conformances and other open issues have been identified and documented;
—  operating documentation is complete;
— the condition of the plant at transfer is defined.

TRAINING AND QUALIFICATION

215. Personnel shall be trained and qualified so that they are competent to perform 
their assigned work and understand the safety consequences of their activities.

216. Training and development for technical personnel should supplement previous 
training, education and experience to prepare individuals to perform their work. For 
further guidance on training and qualification see Safety Guides 50-SG-Q1 and 50- 
SG -O l (Rev. 1).

DECOMMISSIONING STRATEGY

217. Management should ensure that all the decommissioning options are considered 
and a strategy developed. Factors influencing all the options should be considered 
before a decision is taken on the final option. This could include a number of different 
phases with varying time-scales between them (phased decommissioning). The strate
gy should evaluate the decommissioning options, including factors such as the estimat
ed radiation doses, waste arrisings and destinations, and available technology. The reg
ulatory body should be consulted in the development of the decommissioning strategy 
where appropriate.
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218. Those determining the strategy should be in possession of all essential infor
mation concerning the design, construction and operation of the nuclear power plant.

219. The responsible organization should select a final decommissioning option, if 
necessary in consultation with the regulatory body.

DECOMMISSIONING PLAN(S)

220. An outline decommissioning plan should normally be completed during the ini
tial design phase of the nuclear power plant by the principal designer.2 This plan 
should be amended as necessary during the operation stage. A final decommissioning 
plan should be developed to implement the strategy, which should be made up of a 
number of separate documents and should be produced in stages, with an overall plan 
and then more detailed plans for each decommissioning phase. The overall plan 
should cover all decommissioning phases of the nuclear power plant, from the start of 
decommissioning until the site and its adjacent areas are rendered fit for their antici
pated use. In cases where the selected option allows for a lapse of time between phas
es, the plans for each phase may be produced immediately before the start of the 
phase, with time allowed for the approval of the plan and its associated safety assess
ment.

221. All the documents that make up the decommissioning plan should be indexed 
within the plan with an identified issue status. They should be considered as con
trolled documents within the QA programme. Any alterations and amendments to the 
documents that make up the plan should be controlled and approved through the same 
route as the original document.

DOCUMENT CONTROL AND RECORDS

222. Procedures for the preparation, review, approval, issue, modification and con
trol of documents should be established.

223. A records system should be established which includes the arrangements and 
responsibilities for the categorization, receipt, indexing, storage, retrieval anddisposal 
of decommissioning records.

2 The principal designer has responsibility for specifying the design requirements and 
for approving the design output on behalf of the responsible organization. Further explanation 
of the term ‘principal designer’can be found in Safety Guide Q10.
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224. All important information associated with decommissioning should be ade
quately recorded, categorized for retention, and stored so that the information is 
retrievable for future use.

225. The records generated during decommissioning may include:

—  The operational records handed over by the operating organization at the start 
of decommissioning;

—  The decommissioning plan and subsequent amendments;
—  The decommissioning QA programme description;
—  Decommissioning safety assessments;
—  Completed work packages and work plans with their associated records;
—  Engineering drawings indicating the state of the nuclear power plant on the 

completion of defined decommissioning phases;
—  Manufacturing and construction as-built records, including engineering draw

ings for any installation or construction work done as part of the decommis
sioning;

—  The end state of the facility at each decommissioning phase;
—  Personal radiological dose records of the decommissioning team;
—  Radiological survey reports;
—  Radioactive material waste records;
—  Photographs, videos or other records taken of the nuclear power plant during 

decommissioning;
—  Details of significant abnormal events during decommissioning and the actions 

taken.

For further guidance on document control and records see Safety Guide Q3.

NON-CONFORMANCE CONTROL AND CORRECTIVE ACTIONS

226. During decommissioning, non-conformances should be identified. They may 
be detected during:

—  Routine observations of equipment performance and condition during normal 
operation and decommissioning activities;

—  Routine inspections and maintenance;
—  Consumption of consumable materials by equipment;
—  Work processes;
—  Radiological monitoring;
—  Condition monitoring;
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—  Review of records of corrective maintenance or unavailability of equipment;
—  Feedback experience.

227. On the basis of a review of safety, reliability, compliance with operational lim
its and conditions o f the remaining systems and components, the decommissioning 
plan requirements and the competence of available personnel, criteria should be 
developed for:

— Rating the priority, significance and importance of non-conformances;
— Labelling non-conformances, when applicable;
—  Reporting non-conformances to the person in charge of plant operation and 

decommissioning;
—  Involving the principal designer;
—  Determining what corrective actions should be carried out and when;
—  Determining the need for root cause analysis;
—  Determining those responsible for the above.

228. Non-conformances having a significant or immediate impact on plant opera
tion or decommissioning activities should be reported to the management. For fur
ther guidance on non-conformance control and corrective actions see Safety 
Guide Q2.

SECURITY

229. Requirements for plant security are given in the Code 50-C -0  (Rev. 1) and in 
Safety Guide 50-SG -09.

INDUSTRIAL SAFETY

230. A policy reflecting the Member State’s industrial safety regulations should be 
established for all personnel, including suppliers and visitors, and should refer to the 
rules and practices that are to be adopted. The policy should include arrangements for 
the effective planning, organization, monitoring and review of the preventive and pro
tective measures.

231. Management should provide support, guidance and assistance for decommis
sioning personnel in the area of industrial safety.

232. Personnel should understand how the industrial safety programme affects their 
individual work practices.
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233. Industrial safety data should be monitored. Examples of items to be monitored 
include lost-time accidents, other accidents requiring medical attention, industrial 
safety non-conformances identified in the plant, and modifications resulting from 
industrial safety concerns.

234. The underlying causes o f industrial accidents and safety problems should be 
identified and corrected. The results of cause analyses should be used to identify 
opportunities to improve industrial safety. Lessons learned from investigations and 
from other industry operating experience should be used to improve performance.

235. Applicable industrial safety information should be obtained and screened. 
Relevant material and any required actions should be incorporated into the plant’s 
industrial safety policy and disseminated to other nuclear power plants.

FIRE PROTECTION

236. Plant management should establish and implement a fire prevention and pro
tection programme to protect items and personnel during decommissioning. The pro
gramme should provide methods for effective means for preventing, detecting, con
trolling and promptly extinguishing fires, taking into account changes resulting from 
decommissioning activities. The programme should be consistent with the Member 
State’s regulatory requirements. The programme should also contain measures for 
controlling the generation, storage and disposal of combustible materials.

237. Periodically, drills and exercises should be conducted to confirm the imple
mentation and effectiveness of the fire protection programme. For further guidance on 
fire protection see Safety Guide 50-SG-D2 (Rev. 1).

EM ERGENCY PLANNING AND PREPAREDNESS

238. Reference emergency conditions reflecting changes resulting from decommis
sioning activities should be identified and the organizational infrastructure required 
for coping with them developed.

239. Resources and facilities for emergencies shall be made available, and personnel 
should receive continuing training by the testing of emergency plans and procedures, 
and through drills and exercises and public information activities.
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240. Emergency plans and procedures should be revised and improved as a result of 
feedback from periodic drills and exercises. For further guidance see the Code 50-C -0 
(Rev. 1) and Safety Guides 50-SG -06  and 50-SG-G6.

HUMAN FACTORS

241. Suitable working environments should be provided and maintained so that work 
can be carried out safely and satisfactorily, without imposing unnecessary physical 
and psychological stress on the plant personnel.

242. Human factors which influence the working environment and the effectiveness 
and fitness of personnel for duty should be identified and addressed. This includes, 
for example:

—  The adequacy of resources, support and supervision needed to manage and per
form the work;

—  The adequacy of lighting, access and decommissioning aids;
—  The adequacy of alarms such as number, position, grouping, colour coding and 

audibility prioritizing;
—  The frequency and clarity of communications;
—  The availability of suitable tools and equipment;
— The limits on the duration of work time for personnel;
—  The attention needed to be given to other factors for control room staff, includ

ing personnel well-being, psychological, physiological and attitudinal prob
lems, shift patterns and meal breaks;

— The availability o f procedures that take into account human factor 
considerations.

3. PERFORMANCE

LINE MANAGERS AND SUPERVISORS

301. As part of their daily responsibilities, line managers and supervisors should 
review the conduct of work under their responsibility. To do this, they should be 
aware of the nuclear power plant decommissioning status, monitor the work to ensure 
that the decommissioning is being conducted safely and in accordance with require
ments, ensure that non-conformances are identified and resolved, and be alert to 
opportunities for improvement.
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302. Line managers and supervisors should periodically evaluate decommissioning 
activities, operation and documents, examine non-conformances and evaluate the 
implementation of corrective actions in order to assist in the planning of future work.

303. Supervisors should recognize and encourage good work practices by promoting 
for example:

—  Attention to detail;
—  Good industrial safety such as appropriate use of industrial safety equipment 

and proper handling of hazardous chemicals;
—  Good radiological protection practices such as the proper use o f ALARA con

cepts and minimizing the spread of contaminants;
—  Proper use of pre-job briefings and applicable training (for example, mock-up 

training);
—  Adherence to documents and compliance with work hold points;
—  Accountability for tools, chemicals and materials;
—  Use of correct tools and equipment;
—  Use of decontamination facilities to reduce the volume of radioactive waste, 

permit clean work on formerly contaminated equipment and reduce contami
nation on reusable items;

— Use of glove boxes or temporary containments for work on contaminated 
equipment to prevent the spread of contamination;

—  Clean and orderly work sites;
—  Sensitivity to the time required to perform work, especially if  a limiting condi

tion for operation is involved;
—  Proper use o f post-job reporting and, when applicable, post-job critiques;
—  Other aspects of nuclear safety objectives.

WORK PLANNING AND CONTROL

304. Arrangements should be established and implemented to ensure that decom
missioning work is properly planned and completed in a safe and efficient manner. 
Computer aided work planning is desirable. Work planning should, for example:

— Identify the work necessary to operate and maintain relevant plant systems;

—  Identify the generation and management of wastes;
—  Describe the performance of work by referencing clear, concise and un

ambiguous work instructions;
— Identify any special requirements that are part of the work process, such as radi

ation protection, fire protection, isolation and tagging requirements, and inspec
tion and testing requirements;
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—  Identify the required records, such as work completion and spare parts used;
—  Identify the status of work;
—  Identify if  the work is safety related or not;
— Identify any potential safety hazards;
—  Ensure the work is authorized;
— Estimate personnel requirements and any special training needs;
—  Specify any reviews required upon completion.

305. A work request system should be used to facilitate and control work to ensure 
that the decommissioning work is systematically planned in accordance with the 
requirements of the decommissioning plan.

306. The work planning system should list and be able to sort all work requests on 
the basis of work description, priority assigned, date initiated and plant conditions 
required to perform the work. The system should be able to track the status of all work 
requests, in particular those on hold for planning, spare parts, materials or other con
straints. The system should be capable of tracking completion of testing prior to 
return to service.

307. Inspection and test plans should be used to control decommissioning activities. 
These plans should be supported by the use of individual task allocation documents, 
given to decommissioning personnel as an instruction to perform a task. For further 
guidance on inspection and test plans see Safety Guide Q4.

308. To ensure that decommissioning tasks are performed safely, a system may be 
used in which a permit to work is completed and authorized by a suitably qualified 
and experienced supervisor for each work package or task. The permit to work should 
be in the form of a checklist that indicates the precautions to be taken and the pro
tective equipment to be used by persons doing the work, and should be signed by 
those persons, indicating that the conditions are understood and accepted. The permit 
to work should also be used to record the isolation of components or systems and the 
handover of components or systems on completion of the work.

SHIFT CHANGEOVER

309. Shift changeover shall be carried out in accordance with a formal process. An 
account of plant and work status is usually presented in reports and logs which fol
low a standard format.

310. The process of shift changeover should identify the persons involved, their 
responsibilities, the locations and the conduct of shift changeovers, and the method of 
reporting nuclear power plant status, including any provisions that have been taken
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for special circumstances such as abnormal nuclear power plant status and staff 
unavailability.

311. Shift changeover should address the following:

—  Status of major equipment
—  Significant safety and general plant parameters
—  Significant changes in configuration since the previous shift
—  Schedules and duration of current and planned work
—  Special instructions from management
—  Handover of logs
—  Review of logs.

SA FETY EVALUATION OF DECOMMISSIONING ACTIVITIES

312. Safety evaluations for decommissioning work packages should include:

(1) A hazard evaluation of possible accident situations that might occur during 
decommissioning and that could potentially affect personnel, the public or the 
environment. The hazard evaluation should include an indication of the result
ing doses to decommissioning personnel and the public, and the quantities of 
radioactive materials that may be released within the nuclear power plant or to 
the environment for each situation.

(2) A description of the measures taken to ensure safety. These should include 
engineering, administrative and radiological protection measures for normal 
conditions and for the prevention of a possible accident situation. The measures 
should include:
—  appropriate scheduling of the decommissioning activities
—  inspections and tests to ensure the integrity of structures and systems as 

decommissioning proceeds
—  arrangements to limit the spread of contamination
—  effective testing of field equipment and tools
—  use of protective measures, including shielding where necessary
—  training of personnel.

(3) The operational limits and conditions or changes to them that need to be applied 
to the nuclear power plant or associated systems during the decommissioning 
task. This is of particular importance while fuel is still in the nuclear power 
plant, where the decommissioning task could influence the shutdown condition 
or the operation of a safety mechanism.
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(4) A description of the maintenance requirements for safety related mechanisms.
(5) A description of the emergency arrangements to mitigate the consequences of 

any accidents that may occur.

313. Decommissioning work packages could be treated as a modification to the 
nuclear power plant, and be subjected to the same controls and procedures as would 
have been applied to a modification during the operation stage (see Safety 
Guide Q13), with a requirement for formal approval before work is started.

DESIGN

314. Where design forms part of decommissioning, the design work should be car
ried out in accordance with Safety Guide Q10.

PROCUREMENT

315. During decommissioning, procurement should be performed according to the 
guidance given in Safety Guide Q6.

CONSTRUCTION

316. Where construction forms part of decommissioning, the construction work 
should be carried out in accordance with Safety Guide Q ll .

VERIFICATION

317. The decommissioning organization should establish verification methods and 
acceptance criteria which identify the level of inspection/verification required.

HOUSEKEEPING AND CLEANLINESS

318. Maintaining plant cleanliness should be considered an essential activity.

319. Procedures for housekeeping and cleanliness should be established to reduce 
the risks of cross-contamination and industrial accidents and incidents. This may 
include procedures to:

—  prevent contamination of items and protect open systems and equipment from 
foreign material during maintenance, modification and decommissioning;
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—  control the movement of materials, equipment, tools and personnel in and out 
of work areas.

MEASURING AND TEST EQUIPMENT

320. Equipment used for monitoring the operation of plant systems, for data collec
tion, inspections and tests shall be o f the proper type, range, accuracy and precision 
and be in good condition (see Safety Guide Q4).

IDENTIFICATION AND LABELLING

321. Plant areas, installed items and decommissioning equipment should be unique
ly and permanently labelled to provide plant personnel with sufficient information to 
positively identify them. Identification and labelling of waste containers is particu
larly relevant during decommissioning.

322. The identification should be consistent with the identification codes and termi
nology used in operation documents.

323. Care should be taken during dismantling activities to ensure that labels and 
identification tags of systems and components that are not being dismantled are not 
disturbed, removed or damaged.

EQUIPMENT STATUS AND CONTROL

324. There should be a system to confirm the configuration of the nuclear power 
plant. Control measures, such as locking and tagging, should be documented and be 
used to ensure the protection of personnel and equipment. The positions of valves, 
switches and other items important to safety should be known.

325. Work authorization procedures should clearly define the responsibilities related 
to equipment isolation, post-maintenance testing and restoration to service. 
Procedures should be implemented to control the placement and removal o f caution 
and warning information tags installed on equipment for the protection of personnel 
or equipment. Tags should be periodically reviewed for accuracy and continued 
applicability.
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FUEL HANDLING

326. If  fuel handling is part of the decommissioning, it should be carried out under 
controlled conditions throughout fuel removal, storage, transportation and disposal. 
For further guidance see the Code 50-C -0 (Rev. 1) and Safety Guide 50-SG -010. 
Additional details for the off-site transport of fuel are contained in IAEA Safety 
Series No. 6, Regulations for the Safe Transport of Radioactive Material.

RADIOACTIVE WASTE

327. The amount of radioactive waste generated should be kept to the minimum 
practicable and provisions made for its safe handling, processing, storage, transport 
and disposal.

328. Controls should ensure that radioactive wastes comply with authorized limits 
and conditions and should cover:

—  generation of waste;
—  segregation of waste;
—  quantities and activity levels of waste;
—  processing, storage, transportation and disposal of waste;
—  waste inventories;
—  record requirements.

For further guidance see Safety Guide 50-SG -011 and Safety Series No. 111-S-l, 
Establishing a National System for Radioactive Waste Management.

329. The decommissioning organization should be responsible for ensuring that the
- conditions for transportation of radioactive waste to a licensed repository satisfy gov

erning regulatory requirements, and that the wastes conform to the disposal require
ments of the facility and the regulatory body. Details for the off-site transport of 
radioactive material are contained in Safety Series No. 6, Regulations for the Safe 
Transport of Radioactive Material.

PLANT MAINTENANCE

330. Before the commencement of decommissioning, a maintenance programme for 
those parts of the nuclear power plant that are to be operated and maintained during
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decommissioning should be prepared by personnel with maintenance experience. 
Pertinent information from designers, manufacturers and the operating organization 
should be used. For further guidance on nuclear power plant maintenance see Safety 
Guide 50-SG -07  (Rev. 1).

RADIOLOGICAL SAFETY

331. A radiation protection programme should be established and implemented.

332. Radiation dose levels and trends should be determined for each working group, 
area and type of work. Annual limits should be established for radiation doses and 
these should be made as low as is reasonably achievable. For further guidance see 
Safety Guide 50-SG -05.

ENVIRONMENTAL MONITORING

333. The methods and procedures for controlling and monitoring effluents on and off 
the site, to maintain levels within approved limits and conditions, should be docu
mented before decommissioning starts. Monitoring should continue throughout 
decommissioning.

334. Discharge pathways for radioactive releases and toxic releases to the environ
ment should be identified and monitored in accordance with the details in Safety 
Guides 50-SG -05 , 50-SG -09 and 50-SG -011.

REVIEW  OF DECOMMISSIONING FEEDBACK

335. The feedback of events during decommissioning at nuclear power plants is nec
essary to improve safety. Management should provide sufficient resources and dedi
cated staff for the evaluation and feedback of operating events, including those from 
other plants. Management should clearly define responsibilities and should be suffi
ciently involved to ensure completion of any improvements and corrective actions 
(see the Code 50-C -0  (Rev. 1)).

HANDLING, STORAGE AND PRESERVATION

336. Handling instructions and procedures should be provided for material, equip
ment and instrumentation that may be damaged if handled incorrectly. Items should
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be stored under conditions appropriate to their susceptibility to environmental deteri
oration and periodically inspected as necessary. Appropriate procedures should be 
produced to maintain the preservation status of all installed components. Particular 
attention should be paid to identifying safety related components where special 
preservation measures are required, for example maintaining nitrogen blankets.

FINAL DECOMMISSIONING REPORT

337. On completion of decommissioning or on the completion of a phase of decom
missioning where there will be a considerable delay before the next phase is started, 
the responsible organization should produce a final decommissioning report.

4. ASSESSMENT

MANAGEMENT SELF-ASSESSM ENT

401. Management self-assessment should be carried out in acccordance with Safety 
Guide Q5.

INDEPENDENT ASSESSM ENT

402. Independent assessment should be made from time to time by the decommis
sioning organization. These assessments should be scheduled to assure quality and 
provide confidence, especially at interfaces.

403. Typical subjects to be addressed by independent assessments during decom
missioning are:

—  Radioactive waste management
—  Industrial safety
—  Decommissioning plan activities
—  Radiation protection
—  Safety inspections
—  Environmental monitoring.

For further guidance on independent assessment see Safety Guide Q5.
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Annex

EXAMPLES OF DECOMMISSIONING ACTIVITIES WHICH MAY 
REQUIRE PROCEDURES

—  Security
—  Equipment control
—  Equipment qualification
—  Transfer of authority during emergency conditions
—  Plant logs
—  Access controls
—  Fire protection
—  Housekeeping and cleanliness
—  Work control
— Incident investigation 
— Planning and scheduling
—  Emergency preparedness and response
—  Plant identification and labelling 
— Emergency operation
—  Supervision of contractors
—  Plant history
—  Periodic safety review
—  Radiological protection
—  Fuel handling
—  Event reporting
—  Chemistry
—  Radioactive waste and effluent management
—  Environmental monitoring
—  Inventory control
—  Decontamination of systems and equipment
—  Dismantling and demolition.
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Guidance for assessment and improvement

101 Operational radiation protection: A guide to optimization
103 Provision of operational radiation protection 
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105 The regulatory process for the decommissioning 
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