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FOREWORD 

by the Director General

The demand for energy is continually growing, both in the developed and 
the developing countries. Traditional sources o f energy such as oil and gas will 
probably be exhausted within a few decades, and present world-wide energy 
demands are already overstraining present capacity. Of the new sources nuclear 
energy, with its proven technology, is the most significant single reliable source 
available for closing the energy gap that is likely, according to the experts, to be 
upon us by the turn o f the century.

During the past 25 years, 19 countries have constructed nuclear power plants. 
More than 200 power reactors are now in operation, a further 150 are planned, 
and, in the longer term, nuclear energy is expected to play an increasingly 
important role in the development o f energy programmes throughout the world.

Since its inception the nuclear energy industry has maintained a safety 
record second to none. Recognizing the importance o f this aspect o f nuclear 
power and wishing to ensure the continuation of this record, the International 
Atomic Energy Agency established a wide-ranging programme to provide the 
Member States with guidance on the many aspects o f safety associated with 
thermal neutron nuclear power reactors. The programme, at present involving the 
preparation and publication o f about 50 books in the form of Codes of Practice 
and Safety Guides, has become known as the NUSS programme (the letters being 
an acronym for Nuclear Safety Standards). The publications are being produced 
in the Agency’s Safety Series and each one will be made available in separate 
English, French, Russian and Spanish versions. They will be revised as necessary in 
the light o f experience to keep their contents up to date.

The task envisaged in this programme is a considerable and taxing one, 
entailing numerous meetings for drafting, reviewing, amending, consolidating and 
approving the documents. The Agency wishes to thank all those Member States 
that have so generously provided experts and material, and those many individuals, 
named in the published Lists o f Participants, who have given their time and efforts 
to help in implementing the programme. Sincere gratitude is also expressed to the 
international organizations that have participated in the work.

The Codes of Practice and Safety Guides are recommendations issued by the 
Agency for use by Member States in the context o f their own nuclear safety 
requirements. A Member State wishing to enter into an agreement with the 
Agency for the Agency’s assistance in connection with the siting, construction,
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commissioning, operation or decommissioning of a nuclear power plant will be 
required to follow those parts of the Codes of Practice and Safety Guides that 
pertain to the activities covered by the agreement. However, it is recognized that 
the final decisions and legal responsibilities in any licensing procedures always rest 
with the Member State.

The NUSS publications presuppose a single national framework within which 
the various parties, such as the regulatory body, the applicant/licensee and the 
supplier or manufacturer, perform their tasks. Where more than one Member 
State is involved, however, it is understood that certain modifications to the 
procedures described may be necessary in accordance with national practice and 
with the relevant agreements concluded between the States and between the 
various organizations concerned.

The Codes and Guides are written in such a form as would enable a Member 
State, should it so decide, to make the contents of such documents directly 
applicable to activities under its jurisdiction. Therefore, consistent with accepted 
practice for codes and guides, and in accordance with a proposal of the Senior 
Advisory Group, “ shall”  and “ should”  are used to distinguish for the potential 
user between a firm requirement and a desirable option.

The task of ensuring an adequate and safe supply of energy for coming 
generations, and thereby contributing to their well-being and standard o f life, is a 
matter of concern to us all. It is hoped that the publication presented here, 
together with the others being produced under the aegis of the NUSS programme, 
will be o f use in this task.

STATEMENT 

by the Senior Advisory Group

The Agency’s plans for establishing Codes of Practice and Safety Guides for 
nuclear power plants have been set out in IAEA document GC(XVIII)/526/Mod.l. 
The programme, referred to as the NUSS programme, deals with radiological safety 
and is at present limited to land-based stationary plants with thermal neutron 
reactors designed for the production of power. The present publication is brought 
out within this framework.

A Senior Advisory Group (SAG), set up by the Director General in September 
1974 to implement the programme, selected five topics to be covered by Codes of 
Practice and drew up a provisional list of subjects for Safety Guides supporting the 
five Codes. The SAG was entrusted with the task of supervising, reviewing and 
advising on the project at all stages and approving draft documents for onward 
transmission to the Director General. One Technical Review Committee (TRC), 
composed of experts from Member States, was created for each of the topics 
covered by the Codes of Practice.
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In accordance with the procedure outlined in the above-mentioned IAEA 
document, the Codes o f Practice and Safety Guides, which are based on docu
mentation and experience from various national systems and practices, are first 
drafted by expert worjdng groups consisting o f two or three experts from Member 
States together with Agency staff members. They are then reviewed and revised 
by the appropriate TRC. In this undertaking use is made of both published and 
unpublished material, such as answers to questionnaires, submitted by Member 
States.

The draft documents, as revised by the TRCs, are placed before the SAG. 
After acceptance by the SAG, English, French, Russian and Spanish versions are 
sent to Member States for comments. When changes and additions have been 
made by the TRCs in the light of these comments, and after further review by the 
SAG, the drafts are transmitted to the Director General, who submits them, as 
and when appropriate, to the Board o f Governors for approval before final 
publication.

The.five Codes of Practice cover the following topics:

Governmental organization for the regulation of nuclear power plants
Safety in nuclear power plant siting
Design for safety of nuclear power plants
Safety in nuclear power plant operation
Quality assurance for safety in nuclear power plants.

These five Codes establish the objectives and minimum requirements that should 
be fulfilled to provide adequate safety in the operation of nuclear power plants.

The Safety Guides are issued to describe and make available to Member 
States acceptable methods o f implementing specific parts of the relevant Codes 
o f Practice. Methods and solutions varying from those set out in these Guides 
may be acceptable, if they provide at least comparable assurance that nuclear 
power plants can be operated without undue risk to the health and safety of the 
general public and site personnel. Although these Codes of Practice and Safety 
Guides establish an essential basis for safety, they may not be sufficient or 
entirely applicable. Other safety documents published by the Agency should be 
consulted as necessary.

In some cases, in response to particular circumstances, additional require
ments may need to be met. Moreover, there will be special aspects which have 
to be assessed by experts on a case-by-case basis.

Physical security o f fissile and radioactive materials and o f a nuclear power 
plant as a whole is mentioned where appropriate but is not treated in detail. 
Non-radiological aspects of industrial safety and environmental protection are not 
explicitly considered.
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When an appendix is included it is considered to be an integral part o f the 
document and to have the same status as that assigned to the main text o f the 
document.

On the other hand annexes, footnotes, lists o f  participants and bibliographies 
are only included to provide information or practical examples Jhat might be help
ful to the user. Lists o f additional bibliographical material may in some cases be 
available at the Agency.

A list o f relevant definitions appears in each book.
These publications are intended for use, as appropriate, by regulatory bodies 

and others concerned in Member States. To fully comprehend their contents, it is 
essential that the other relevant Codes of Practice and Safety Guides be taken into 
account.

NOTE

The following publications o f  the NUSS programme are referred to in the 
text o f  the present Safety Guide:

Safety Series No. 50-C-QA 
Safety Series No. 50-SG-QA1 
Safety Series No. 50-SG-QA2 
Safety Series No. 50-SG-QA3 
Safety Series No. 50-SG-QA6 
Safety Series No. 50-SG-QA 8 
Safety Series No. 50-SG-QA10

The titles are given in the List o f  NUSS Programme Titles printed at the end o f  
this Guide, together with information about their publication date. Instructions 
on how to order them will be found on the last page o f  this Guide.
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1. INTRODUCTION
1.1. General

The IAEA Code o f Practice on Quality Assurance for Safety in Nuclear 
Power Plants (IAEA Safety Series No. 50-C-QA), hereinafter referred to as the 
Code, and the Safety Guides on Quality Assurance identify the requirements 
for establishing and implementing an overall quality assurance programme for all 
activities affecting the quality of a nuclear power plant.

The Safety Guide on Quality Assurance in the Procurement o f Items and 
Services for Nuclear Power Plants (IAEA Safety Series No. 50-SG-QA3), the Safety 
Guide on Quality Assurance in the Design of Nuclear Power Plants (IAEA Safety 
Series No. 50-SG-QA6), and the Safety Guide on Quality Assurance in the Manu
facture of Items for Nuclear Power Plants (IAEA Safety Series No. 50-SG-QA8) 
establish specific quality assurance requirements and recommendations for these 
activities, which are also applicable to the procurement, design and manufacture 
of nuclear fuel assemblies.

The establishment and implementation of a quality assurance programme 
for the quality aspects o f the procurement, design and manufacture o f nuclear 
fuel assemblies will provide a basis o f confidence that these activities have been 
performed in accordance with regulatory requirements, codes and standards.

1.2. Scope

This Safety Guide provides requirements and recommendations for quality 
assurance programmes that are relevant for the unique features o f the procurement, 
design, manufacture, inspection, testing, packaging, shipping, storage, and 
receiving inspection o f fuel assemblies for nuclear power plants. The generic 
quality assurance requirements o f the Code and related Safety Guides are referred 
to where applicable, and are duplicated in this document where increased 
emphasis is desirable.

1.3. Responsibility

The organization having overall responsibility for a nuclear power plant 
(hereinafter referred to as the responsible organization) shall also be responsible 
for the establishment and implementation of the overall quality assurance 
programme for the complete plant. This organization may delegate to other 
organizations the work o f establishing and implementing all, or a part, o f the 
overall quality assurance programme, such as for nuclear fuel design, procurement 
and manufacture, but shall retain responsibility for the effectiveness o f the overall 
programme, without prejudice to the contractors’ obligations and/or legal 
responsibilities.

1
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2. PROCUREMENT CONTROL

Requirements and instructions to which the fuel assemblies are to be designed, 
manufactured and accepted shall be established and shall be included or referred 
to in the procurement documents.

The requirements and recommendations pertaining to the procurement of 
fuel, poisons, hardware components and fuel assemblies, as well as those for fuel 
processing and manufacturing services, shall be implemented in accordance with 
Safety Guide 50-SG-QA3.

2.1. Quality assurance requirements

The procurement document shall require the designer and the manufacturer I 
of nuclear fuel assemblies to have quality assurance programmes which meet the 
applicable requirements o f the Code and of this Safety Guide. These programmes 
shall include requirements for performing internal audits in order to verify their 
implementation and effectiveness. The programmes o f the designer and manu
facturer shall be reviewed and approved before commencement o f the activities 
they cover, and they shall be acceptable to the responsible organization. For 
preparation o f these programmes, refer to the requirements and recommenda- 
tations of the Safety Guide on Establishing o f the Quality Assurance Programme 
for a Nuclear Power Plant Project (IAEA-Safety Series No. 50-SG-QA 1), and the 
Safety Guide on Quality Assurance Auditing for Nuclear Power Plants (IAEA 
Safety Series No. 50-SG-QA10).

2.2. Technical requirements

The procurement documents shall include the relevant technical aspects 
o f the items and services to be procured. This should be done by inclusion of, 
or reference to, applicable safety-related codes, standards, technical specifications, 
data lists, drawings, procedures or instructions. Special attention shall be given j 
to those areas o f concern described in Sections 3 and 4 of this Guide.

The procurement documents shall also specify any special instructions and 
requirements for identification, manufacturing acceptance tests, archive samples, 
packaging, handling, shipping and storage.

2.3. Right of access to facilities and documents

The procurement documents shall include, as appropriate and consistent 
with national practices, the conditions for access to the supplier’s facilities and 
records, including those for retention and for inspection and audit by the 
purchaser’s designated representative, or other parties authorized by the purchaser.

2
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A schedule of design, manufacture and other related activities shall be submitted, 
from which dates for audits and surveillance will be established.

2.4. Acceptance of items and services

The procurement documents shall specify the methods and conditions for 
acceptance o f items and services. All non-conformances shall be reviewed and 
disposed of in accordance with written procedure. Non-conformances considered 
acceptable by the manufacturer which involve deviations from procurement 
requirements shall be reported to the purchaser for approval.

The procurement document shall also address the right o f the purchaser, 
to sample material in process for verification purposes. This right shall be subject 
to conditions mutually agreed between the purchaser and the supplier.

The final acceptance shall be based on the results o f design verification, 
inspection and audit at the manufacturer’s facility, receiving inspection, and 
review o f the records specified in the procurement documents.

2.5. Quality assurance records

The procurement document shall define the quality assurance records to 
be prepared and shall specify to whom they shall be submitted for inspection, 
verification and retention.

It shall also specify which records the designer and the manufacturer shall 
retain and the period for which they shall be retained, and which records shall 
be transmitted along with the fuel shipment. The Safety Guide on Quality 
Assurance Records System for Nuclear Power Plants (IAEA Safety Series 
No. 50-SG-QA2) defines requirements in this area.

3. FUEL ASSEMBLY DESIGN CONTROL

3.1. Quality assurance requirements

Control of fuel design activities shall be implemented in accordance with 
the requirements o f the Code and requirements and recommendations o f Safety 
Guide 50-SG-QA6.

The quality assurance programme for design shall take into account unique 
features o f fuel assembly design such as:

(1) the complexity o f the interfaces between fuel assembly design and 
core design

3
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(2) the complexity o f the influence o f some specific fuel design and 
operating parameters on fuel performance

(3) the degree o f standardization for fuel design.

The basis o f fuel assembly design shall be documented in a reference core 
design and fuel design data list, which shall also establish a minimum check list 
for design interfaces and interface control.

3.2. Design considerations

Feedback of information shall be provided to the designer from manufacturing 
history, operational experience with the fuel and post-irradiation examination 
results. Also, as a consequence o f complexity with respect to interfaces and 
performance, design documents shall, if applicable, give particular consideration 
to the following properties. (A more detailed list is given in Annex I as an example.)

(1) Fuel material
Enrichment, chemical composition, contaminants, structure (homogeneity, 
density and microstructure), dimensions and integrity o f the fuel material.

(2) Poisons
Reactivity worth, chemical composition, contaminants, homogeneity, density, 
dimensions and integrity of poison material.

(3) Cladding / coating
Chemical composition, contaminants, corrosion resistance, mechanical 
properties, dimensions and integrity o f the cladding or coating.

(4) Support structure and associated items
Chemical composition, contaminants, corrosion resistance, compatibility 
of materials, mechanical properties, vibrational behaviour, integrity, 
dimensions and flow characteristics.

(5) Fuel rod/assembly
Properties related to the fuel rod/assembly behaviour and integrity under 
all operational states and accident conditions and throughout its expected 
lifetime.

3.3. Design verification

The recommended methods of verification depend on available technology 
and on experience with the particular type o f fuel assembly. For example:

(1) A fuel assembly design already used in the reactor requires checking that 
no unauthorized design changes are made.

4
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(2) A fuel assembly design already used in other reactors requires design review, 
with emphasis on interface control.

(3) A fuel assembly design having minor changes from a previously used design 
requires design review and, in some cases, alternative calculations and/or flow 
tests with respect to the changes.

(4) A fuel assembly design with major design changes from a previously used 
design (e.g. changes in rt>d pitch, rod diameter or structural material) 
generally requires qualification testing of prototype or precursory assemblies, 
in addition to a design review.

For additional information related to verification of fuel assembly design,
refer to the requirements and recommendations of Safety Guide 50-SG-QA6.

3.4. Design interface control

Careful control o f design interfaces is required, in accordance with Safety 
Guide 50-SG-QA6. It Shall take into account that even minor changes in fuel 
assembly design may have consequences on other design areas.

The main areas of design interface control are identified as follows:

(1) Core structure design
(2) Physics design and fuel management
(3) Thermodynamics and flow characteristics
(4) Compatibility of materials
(5) Safety analysis
(6) Design o f reactivity control systems
(7) Design of in-core instrumentation
(8) Design o f fuel handling and storing equipment and facilities.

Lines of communication shall be established between the fuel designer,
the fuel manufacturer and the operating organization.

4. FUEL ASSEMBLY MANUFACTURING CONTROL

4.1. Quality assurance requirements

The quality assurance programme for fuel manufacture shall be established 
by the manufacturer to meet the relevant specifications of this Guide and of 
Safety Guide No.50-SG-QA8.

5
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4.2. Qualification and control of manufacturing processes and conditions

The fuel manufacturer’s quality assurance programme shall include the 
identification and control o f processes which require special consideration and 
special qualification o f personnel who perform these processes. This programme 
shall establish procedures for their performance, and prescribe methods and 
procedures for qualification and requalification o f processes and personnel.

For the purpose o f this Safety Guide, the processes which require special 
consideration are those that influence significantly the properties or quality 
characteristics o f a material or component, and that have properties or character
istics which cannot readily be verified in the final product. Special consideration 
may also be needed for processes which are complex or sensitive, or which require 
extensive set-up, special equipment or special training. Some o f those processes 
which have been adopted in fuel manufacturing and quality verification are listed 
in Annex II.

Procedures shall be prepared for establishment and maintenance o f clean 
conditions in all manufacturing phases, and for prevention of the introduction 
and use o f incompatible materials.

4.3. Manufacturing control

Procedures for the control o f manufacturing, including rework and repair 
of fuel assemblies, shall be established in accordance with approved technical 
requirements. For this control the use of statistical methods should be considered. 
A detailed list o f controls is provided in Annex III. Particular consideration 
should be given to the following:

(1) Fuel processing control
Control o f fuel material conversion and fuel production with respect to 
enrichment, homogeneity, chemical composition and contaminants, physical 
characteristics and dimensions.

(2) Poison control
Control o f poison materials with regard to their homogeneity and impurities, 
and control of rod manufacture with regard to physical characteristics and 
dimensions.

(3) Control o f  fuel cladding and coating
Control o f fuel cladding and coating manufacture with regard to chemical 
composition, contaminants, mechanical and metallurgical properties, 
integrity, dimensions and corrosion characteristics.

(4) Control o f  support structure and associated items
Control o f manufacture o f components, with regard to chemical composition,
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contaminants, mechanical and metallurgical properties, dimensions, integrity, 
and corrosion characteristics.

(5) Control o f  fuel rod/element manufacture
Control o f fuel rod/element manufacture, with regard to fuel stack charac
teristics, hydrogen content, enrichment, end closure weld integrity, internal 
pressure, internal gas analysis and dimensions.

(6) Fuel assembling control
Control during fuel assembling, with regard to fuel rod identification, 
positioning, dimensions, weld integrity, cleanliness, surface condition and 
surface contamination by uranium.

4.4. Fuel assembly identification
(if applicable)

A system o f identification o f fuel assemblies and, where required, individual 
fuel rods shall be agreed upon between the purchaser and the manufacturer, for 
the purposes o f traceability, accounting and fuel management. Measures shall be 
instituted for implementing this identification system during the manufacturing 
and assembling o f each fuel assembly. An example o f an identification system 
is given in Annex IV.

5. PACKAGING, SHIPPING AND STORAGE 
OF FUEL ASSEMBLIES

Packaging requirements shall be established to ensure adequate protection 
o f the fuel assemblies during shipping, handling and storage.

Procedures shall be established to ensure adequate care in handling and 
storage o f fuel assemblies during manufacturing, assembling and shipping. Items 
such as containers, protective devices, hoists, manipulators and transport vehicles 
shall be qualified for their intended use. Operators and users o f all such items 
shall be qualified in their use either by experience or by special training. The mode 
o f shipping and methods of handling shall be consistent with the protection o f the 
assembly and with the packaging methods employed, which shall also meet 
applicable regulations such as the IAEA Regulations for the Safe Transport of 
Radioactive Materials (Safety Series No.6, 1973 Revised Edition). The procedures 
shall include any requirements necessary to avoid the possibility of accidental 
critical condition during all the operations.

Safety Guide 50-SG-QA8 identifies methods and conditions for the control 
o f fuel assemblies during packaging, shipping and storage. Annex V o f that Guide

7
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presents an example o f control measures. Under the classification system described, 
fuel assemblies would be classified at level A as they are exceptionally sensitive 
to environmental condition and would require special measures for protection.

6. RECEIVING INSPECTION OF FUEL ASSEMBLIES 
AT THE POWER PLANT SITE

Receiving inspection o f fuel assemblies at the power plant site is the 
responsibility o f the responsible organization.

Receiving inspection shall be performed and documented in accordance 
with written procedures.

Items to be checked and verified during the receiving inspection shall include, 
but not be limited to, the following:

6.1. Verification of documentation

The documentation transmitted shall be reviewed for completeness and 
accuracy. Identification of the shipping containers and fuel assemblies shall be 
verified.

The records to be transmitted to the purchaser shall be as specified by the 
procurement document and applicable regulatory requirements. Examples of 
such documents are:

(1) Shipping reports from the fuel manufacturer
(2) Quality assurance reports, such as:

— Final acceptance report in the factory
— Certificate o f conformance.

6.2. Inspection

(1) The shipping containers for the fuel assemblies shall be inspected for such 
items as:
— External damage
— Integrity of security seals
— Loose material or parts
— Debris inside container
— Indication of shock on shock detectors (if applicable)
— Water ingress
— Surface contamination by uranium
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(2) The fuel assemblies shall be inspected for such items as:
-  Integrity
— Cleanliness
— Correctness o f dimensions, including overall dimensions (as necessary)
-  Bowing, twisting and other deformations (as necessary).

Annex I 

EXAMPLES OF ITEMS, AND THEIR PROPERTIES, 
THAT REQUIRE PARTICULAR CONSIDERATION IN A 

TYPICAL FUEL ASSEMBLY DESIGN

1. Fuel material

— Enrichment (isotopic composition) -  the weight per cent of fissionable material 
should be specified.

— Contaminants — substances which have deleterious effects on the fuel material 
should be identified and maximum limits set.

— Structure -  the homegeneity, density and microstructure should be specified.
— Dimensions — the dimensions should be defined in sufficient detail to obtain 

desired attributes.
— Integrity — the limits to which shape is maintained with respect to chips, 

cracks, pits, etc. should be defined.

2. Poisons (fixed poisons such as curtains, short rods)

— Reactivity worth and chemical composition
— Contaminants — substances which have deleterious effects on the poison material 

should be identified and maximum limits set.
— Homogeneity
— Density — the density should be specified.
— Dimensions — the dimensions should be defined in sufficient detail to obtain 

desired attributes.
— Integrity — the limits to which shape is maintained with respect to chips, 

cracks, etc. should be defined.
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3. Cladding/coating

— Chemical composition -  the elements contained in the cladding material should 
be specified in accordance with the permitted parasitic characteristics.

— Contaminants — substances which have a deleterious effect on the cladding 
properties should be identified and maximum limits set.

— Corrosion resistance — corrosion characteristics under operating and environ
mental conditions should be identified for the required performance.

— Mechanical properties -  the microstructure and short- and long-term properties 
of the material to yield the desired performance should be identified.

— Integrity -  the surface condition and acceptable material defects should be 
specified for the cladding; and adhesion, flaking and surface coverage should 
be specified for the coating.

— Dimensions — diameter, thickness, straightness and ovality should be specified.

4. Support structure and associated items (such as nozzles, guide tubes, grids, 
channels, sleeves, etc.)

— Materials -  the chemical composition o f materials should be specified in 
accordance with the allowed parasitic characteristics.

— Material and component properties (e.g. mechanical, corrosion, compatibility 
o f materials, vibrational behaviour, growth) should be identified and verified 
to be compatible with design objectives.

— Dimensions -  the dimensional behaviour and coolant flow characteristics should 
be specified.

5. Fuel rod

— Contaminants — substances which have a deleterious effect on fuel rod per
formance should be identified and maximum limits set.

— Fuel rod performance, e.g. heat transfer, fuel temperature, fission gas release, 
internal pressure, swelling, densification and interaction between pellets and 
cladding should be considered for all anticipated operational states and accident 
conditions.

— Expansion and contraction — the irradiation-induced growth and creep 
properties should be verified to be compatible with the fuel assembly structure.

6. Fuel assembly

— Expansion and contraction — the growth properties of materials should be 
identified and verified to be compatible with the core structure.
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— Compatiblity o f materials
— Fuel assembly performance — overall dimensions and bowing, twisting and 

other deformations should not exceed prescribed limits during all anticipated 
operational states and accident conditions, and during the expected lifetime 
o f the assembly.

Annex II 

EXAMPLES OF PROCESSES WHICH REQUIRE 
SPECIAL CONSIDERATION

1. Manufacturing

-  End plug and structural welding
-  Sintering and heat treatment
-  Plating, coating or bonding
-  Autoclaving and electropolishing
-  Gas filling
-  Preservation o f pellet integrity
-  Pellet loading into fuel pin/rod

2. Quality verification

-  Ultrasonic testing
-  Eddy current testing
-  Dye penetrant testing
-  Radiography testing
-  Helium leak testing
-  Gamma or neutron scanning o f fuel rods
-  Destructive testing o f samples, as appropriate
-  Special methods for dimensional checking.
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Annex III

EXAMPLES OF CONTROLS DURING 
FUEL ASSEMBLY MANUFACTURING

1. Fuel processing control

A. UF6 conversion control (where applicable)

(1) UF6 surveillance programme

Typical surveillance programme requirements should include:

— monitoring the transfer o f UF6 from parent storage cylinders into 
shipping cylinders

— independent sampling by someone other than the supplier
— verification o f the measurements (gross, tare and net weights) and 

analysis
— verification o f isotopic composition (enrichment)
— verification o f physical parameters, e.g. weight, cylinder seal, 

cylinder identification.

(2) UF6 conversion line

Procedures and controls should exist for:

— enrichment change-over o f process lines
— avoiding enrichment mix-ups
— preventing introduction of contaminants.

B. U01 powder control

(1) Chemical

Process parameters should be established and controlled to ensure that 
U02 powder will meet the specification limits for the following:

— per cent uranium
— impurities
— moisture
— oxygen to uranium ratio (0/U)
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— isotopic content, if applicable
— equivalent boron concentration (EBC).

(2) Physical

Process parameters should be established and controlled to ensure 
that U02 powder will meet specification limits for the following:

— surface area
— particle size
— bulk and tap densities
— flowability
— sinterability.

(3) Process controls/storage

Process parameters should be established and controlled to ensure that 
U02 powder will meet the specification limits for the following:

— uniformity and methods o f blending (when different enrichments 
are used)

— isotopic checks, where applicable, on recycled material from all 
sources, e.g. grinder sludge, green scrap, sintered scrap

— material identification
— sampling plans, e.g. sample selection, interpretation
— storage procedures, including identification, handling, separation, 

access and, whenever enriched material is used, the criticality limits
— contaminant control, e.g. cleaning compounds, abrasives, protective 

coatings.

C. Production o f  U02 fuel pellets

Process parameters should be established and controlled to ensure that the 
U02 ceramic pellets will meet the specification limits for the following:

(1) Chemical

— per cent uranium
— impurities
— total hydrogen content
— oxygen to uranium ratio (O/U)
— iso topic content (enrichment), if applicable
— equivalent boron concentration (EBC)
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(2) Physical

-  surface finish
-  dimensional (length, diameter etc.)
-  density
-  integrity (chips, cracks, etc.)
-  metallographic characteristics (pore size, grain size, structure, etc.) 

where necessary
-  resintering stability
-  identification marking, where necessary.

D. Control o f  reprocessed pellet material

Procedures should be established for the following:

— use and control of reprocessed virgin material
— enrichment control
— methods to handle scrap.

2. Poison control (fixed poisons such as curtains, short rods)

Process parameters should be established and controlled to ensure that 
poisons will meet the specification limits for the following:

A. Chemical

— impurities
— total hydrogen
— per cent poison content and distribution

B. Physical

— homogeneity
— dimensional (length, diameter)
— density
— integrity (chips, cracks).

3. Control of fuel cladding and coating

Process parameters should be established and controlled to ensure that the 
fuel cladding tubes will meet the specification limits for the following:
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— chemical composition (impurities)
— mechanical and metallurgical properties including tensile strength and 

ductility (as necessary)
— integrity
— dimensions (diameter, wall length, ovality)
— surface condition
— surface roughness
— corrosion characteristics
— microstructure (e.g. hydride orientation, grain size, texture)
— O, H, N content in finished tubes.

4. Control of support structure and associated items

Process parameters should be established and controlled to ensure that the 
support structure and associated items will meet the specification limits for 
the following:

A. End plug, wire, plates, grids, or spacers (as applicable)

— traceability and identification o f materials
— chemical composition
— process qualification (welding, etc.)
— weld joint strength and weld penetration
— mechanical properties
— corrosion resistance
— dimensions (cell size, perpendicularity)
— spring force

B. End fittings and nozzles (as applicable)

— process qualification (melting and casting, heat treatment, welding, etc.)
— traceability and identification o f materials
— chemical composition
— mechanical properties
— microstructure
— inclusions, voids and porosities
— dimensions
— weld integrity and penetration

C. Guide tubes or channels (as applicable)

— identification o f material (strip)
— chemical composition
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— process qualification (bending, welding, sizing, etc.)
— weld integrity
— dimensions
— mechanical properties
— straightness
— microstructure (weld region).

D. Miscellaneous hardware (as applicable)

These may include nuts, bolts, fasteners, washers, plenum and expansion 
springs, insulator discs, instrument tubes, thermocouples, etc. Manufacturing 
process parameters for these items should be established and controlled so 
as to ensure relevant specification requirements are met.

5. Control o f fuel rod/element manufacture

Process parameters should be established and controlled to ensure that the 
fuel rods will meet the specification limits for the following:

A. U02 pellet loading

— control of components and environment
— control of fuel stack characteristics
— stack length and weight
— iso topic content (where applicable)
— type and location o f pellets
— moisture and hydrogenous contamination
— plenum length (where applicable)

B. End plug welding

— process qualification to achieve acceptable fusion
— uniform quality (process control)
— identification (numbering where necessary)
— visual appearance
— dimension (outside diameter, profile, etc.)
— welding environment (weld chemistry)
-- internal pressure (if pressurized)
— internal gas analysis

C. Wire or bearing pad attachment (if applicable)

— process qualification (welding/brazing)
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— uniform quality (process control)
— weld/braze strength and penetration
— microstructure (if necessary)
— dimension
— visual appearance

D. Completed fuel rod

— material traceability, identification and enrichment control (where 
necessary)

— integrity o f welds
— dimension (length, straightness)
— surface conditions (scratches, nicks, weld appearance)
— leak check
— total hydrogen content
— internal gas content.

6. Fuel assembling control

Fuel assembling should be carried out taking into account the following 
requirements:

— fuel rod identification (serial numbering)
— fuel rod positioning (proper isotopic content in proper location, or proper 

type of rod in proper location)
— dimensions, length, straightness, etc.
— integrity
— loading forces, where applicable
— weld integrity, where applicable.

7. Final inspection of fuel assembly

The completed fuel assembly should meet the specification limits for the 
following:

— surface contamination
— rod spacing and rod bow
— dimensions, including overall dimensions
— mechanical defects
— perpendicularity
— correct rod locations (assembly chart)
— bowing, twisting and other deformations.
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Annex IV

AN EXAMPLE OF 
A FUEL ASSEMBLY IDENTIFICATION SYSTEM

AIV-1. Scope

AI V -l. 1. This Annex describes a method for the unique identification 
of fuel assemblies utilized in nuclear power plants. It was 
developed primarily for commercial light-water reactor fuel, 
but may be used for any reactor fuel contained in discrete fuel 
assemblies that can be identified with a serial number.

AIV-1.2. This Annex defines the characters and a proposed sequence
that can be used in assigning identification to the fuel assemblies. 
The identification is borne by the fuel assembly during its 
lifetime.

AIV-2. Identification numbering system

AIV-2.1. Composition: Fuel assembly identification is provided through 
a six-character numbering system consisting o f a prefix o f two 
alphabetic characters which identify the individual fabrication 
facility, followed by a serial number consisting o f four alpha
numeric characters. The characters are defined and specified 
as follows:

AIV-2.1.1. Fabrication facility identification: The alphabetic 
characters for identification of the fabrication 
facility consist o f a two-character code assigned 
to each fabrication facility by the licensing 
government.

AIV-2.1.2. Serial number: The combinations o f four characters 
used for serial numbers are assigned by the fuel 
fabricator to individual fuel assemblies without 
repetition. The serial number is composed of the 
characters specified in AIV-2.1.3 and assigned in 
the sequence specified in AIV-2.1.4.
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AIV-2.1.3. Serial number characters: The characters used for 
fuel assembly serial numbers are selected from the 
Arabic numerals 0 through 9 and all letters of the 
Roman alphabet except I and 0; this provides 
34 different characters.

AIV-2.1.4. Serial number sequence: The character combinations 
in the serial numbers are assigned to fuel assemblies 
by the fuel fabricator, using a base-34 numerical 
system.
The number sequence in the base-34 numerical 
system is illustrated in Table I for clarification and 
guidance. Progressing from 0000 through ZZZZ 
provides 1 336 336 combinations o f characters for 
each fabrication facility.

AIV-2.2. Style o f  characters: The style o f characters used for the 
identification systems consists o f numerals as single-stroke 
gothic, vertical or microfont, capital letters.

AIV-2.3. Method o f  attachment: The identification number should be 
provided on the end fitting or other integral part o f the fuel 
assembly. The number may be provided by casting, machining, 
engraving or a similar method o f marking either directly on the 
part or on a plate attached to the part by a metallurgical bond. 
The identification number shall not be provided on a plate or 
tag affixed to the assembly by a mechanical means. The form 
and location of the identification marking shall be such that 
they do not degrade the integrity o f the fuel assemblies.

AIV-2.4. Size and location: The complete six-character identification 
number shall be o f uniform size and shall be provided at one 
principal location. The size o f characters used shall be agreed 
upon between the fuel fabricator and user and shall provide 
readily accessible and legible identification consistent with the 
viewing system at the user’s facility.
The use of other identification markings, such as those 
required for fabricator quality control or those provided for the 
user’s convenience, is permissible. However, to avoid confusion, 
these additional markings shall not be located in the vicinity o f 
the principal identification.

AIV-2.5. Arrangement: The characters in the identification number at 
the principal location shall be arranged in line to read from left
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ro

°  TABLE I. ALPHANUMERIC PAIRS FOR SERIALIZATION SEQUENCE, USING 34 CHARACTERS

00 01 02 03 04 05 06 07 08 09 OA OB OC OD 0E OF OG
10 11 12 13 14 15 16 17 18 19 1A IB 1C ID IE IF 1G
20 21 22 23- 24 25 26 27 28 29 2A 2B 2C 2D 2E 2F 2G
30 31 32 33 34 35 36 37 38 39 3A 3B 3C 3D 3E 3F 3G
40 41 42 43 44 45 46 47 48 49 4A 4B 4C 4D 4E 4F 4G
50 51 52 53 54 55 56 57 58 5-9 5A 5B 5C 5D 5E 5F 5G
60 61 62 63 64 65 66 67 68 69 6A 6B 6C 6D 6E 6F 6G
70 71 72 73 74 75 76 77 78 79 7A 7B 7C 7D 7E 7F 7G
80 81 82 83 84 85 86 87 88 89 8A 8B 8C 8D 8E 8F 8G
90 91 92 93 94 95 96 97 98 99 9A 9B 9C 9D 9E 9F 9G
A0 A 1 A2 A3 A4 A5 A6 A7 A8 A9 AA AB AC AD AE AF AG
B0 B1 B2 B3 B4 B5 B6 B7 B8 B9 BA BB BC BD BE BF BG
CO Cl C2 C3 C4 C5 C6 C7 C8 C9 CA CB CC CD CE CF CG
DO DI D2 D3 D4 D5 D6 D7 D8 D9 DA DB DC DD DE DF DG
E0 El E2 E3 E4 E5 E6 E7 E8 E9 EA EB EC ED EE EF EG
F0 FI F2 F3 F4 F5 F6 F7 F8 F9 FA FB FC FD FE FF FG
GO G1 G2 G3 G4 G5 G6 G7 G8 G9 GA GB GC GD GE GF GG
HO HI H2 H3 H4 H5 H6 H7 H8 H9 HA HB HC HD HE HF HG
JO SI J2 J3 J4 J5 J6 J7 J8 J9 JA JB JC JD JE JF JG
KO K1 K2 K3 K4 K5 K6 K7 K8 K9 KA KB KC KD KE KF KG
LO LI L2 L3 L4 L5 L6 L7 L8 L9 LA LB LC LD LE LF LG
MO Ml M2 M3 M4 M5 M6 M7 M8 M9 MA MB MC MD ME MF MG
NO Nl N2 N3 N4 N5 N6 N7 N8 N9 NA NB NC ND NE NF NG
PO PI P2 P3 P4 P5 P6 P7 P8 P9 PA PB PC PD PE PF PG
QO Ql Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 QA QB QC QD QE QF QG
RO R1 R2 R3 R4 R5 R6 R7 R8 R9 RA RB RC RD RE RF RG
SO SI S2 S3 S4 S5 S6 S7 S8 S9 SA SB SC SD SE SF SG
TO T1 T2 T3 T4 T5 T6 T7 T8 T9 TA TB TC TD TE TF TG
UO U1 U2. U3 U4 U5 U 6 U7 U8 U9 UA UB UC UD UE UF UG
VO VI V2 V3 V4 V5 V6 V7 V8 V9 VA VB VC VD VE VF VG
WO W1 W2 W3 W4 W5 W6 W7 W8 W9 WA WB w c WD WE WF WG
XO XI X2 X3 X4 X5 X6 X7 X8 X9 XA XB x c XD XE XF XG
YO Y1 Y2 Y3 Y4 Y5 Y6 Y7 Y8 Y9 YA YB YC YD YE YF YG
ZO Z1 Z2 Z3 Z4 Z5 Z6 Z7 Z8 19 ZA ZB z c ZD ZE ZF ZG

OH 0J OK 0L 0M ON OP 0Q OR OS OT OU OV ow OX 0Y OZ
1H 1J IK 1L 1M IN IP IQ 1R IS IT 1U IV 1W IX 1Y 1Z
2H 2J 2K 2L 2M 2N 2P 2Q 2R 2S 2T 2U 2V 2W 2X 2Y 2Z
3H 3J 3K 3L 3M 3N 3P 3Q 3R 3S 3T 3U 3V 3W 3X 3Y 3Z
4H 4J 4K 4L 4M 4N 4P 4Q 4R 4S 4T 4U 4V 4W 4X 4Y 4Z
5H 5J 5K 5L 5M 5N 5P 50 5R 5S 5T 5U 5V 5W 5X 5Y 5Z
6H 6J 6K 6L 6M 6N 6P 6Q 6R 6S 6T 6U 6V 6W 6X 6Y 6Z
7H 7J 7K 7L 7M 7N 7P 7Q 7R 7S 7T 7U 7V 7W 7X 7Y 7Z
8H 8J 8K 8L 8M 8N 8P 8Q 8R 8S 8T 8U 8V 8W 8X 8Y 8Z
9H 9J 9K 9L 9M 9N 9P 9Q 9R 9S 9T 9U 9V 9W 9X 9Y 9Z
AH AJ AK AL AM AN AP AQ AR AS AT AU AV AW AX AY AZ
BH BJ BK BL BM BN BP BQ BR BS BT BU BV BW BX BY BZ
CH CJ CK CL CM CN CP CQ CR CS CT CU CV c w c x CY CZ
DH DJ DK DL DM DN DP DQ DR DS DT DU DV DW DX DY DZ
EH EJ EK EL EM EN EP EQ ER ES ET EU EV EW EX EY EZ
FH FJ FK FL FM FN FP FQ FR FS FT FU FV FW FX FY FZ
GH GJ GK GL GM GN GP CQ GR GS GT GU GV GW GX GY GZ
HH HJ HK HL HM HN HP HQ HR HS HT HU HV HW HX HY HZ
JH JJ JK JL JM JN JP JQ JR JS JT JU JV JW JX JY JZ
KH KJ KK KL KM KN KP KQ KR KS KT KU KV KW KX KY KZ
LH LJ LK LL LM LN LP LQ LR LS LT LU LV LW LX LY LZ
MH MJ MK ML MM MN MP MQ MR MS MT MU MV MW MX MY MZ
NH NJ NK NL NM NN NP NQ NR NS NT NU NV NW NX NY NZ
PH PJ PK PL PM PN PP PQ PR PS PT PU PV PW PX PYP PZ
QH QJ QK QL QM QN QP QQ OR QS QT QU QV QW QX QY QZ
RH RJ RK RL RM RN RP RQ RR RS RT RU RV RW RX RY RZ
SH SJ SK SL SM SN SP SQ SR SS ST s u s v sw s x SY SZ
TH TJ TK TL TM TN TP TQ TR TS TT TU TV TW TX TY TZ
UH UJ UK UL UM UN UP UQ UR US UT UU u v UW UX UY UZ
VH VJ VK VL VM VN VP VQ VR VS VT VU v v VW v x VY VZ
WH WJ WK WL WM WN WP WQ WR WS WT w u w v w w w x WY WZ
XH XJ XK XL XM XN XP XQ XR x s XT XU XV xw XX XY x z
YH YJ YK YL YM YN YP YQ YR YS YT YU YV YW YX YY YZ
ZH ZJ ZK ZL ZM ZN ZP ZQ ZR ZS ZT z u z v ZW ZX ZY z z

N o te:  The first 1156 character com binations are ob ta in ed  by using the  pair 00  in com bination  w ith  each o f  th e  pairs show n in th is tab le , w hich is to  be read from  left to  righ t and  from  to p  to  bo tto m . 
The first com bin atio n  is 0 0 00  and is follow ed by 0001. A fter 0009  com es 000A . A fter 000Z  com e 0010 . The last com b ination  o f  the  first 1156 is 00Z Z . The nex t 1 156 ch aracter com b ination s are 
o b ta ined  by using the  pair 01 in com bination  w ith each o f  th e  pairs show n. The rest o f the  com b ination s are o b ta in ed  by using each pair in sequence, in com b ination  with each o f  the 1156 pairs iin the 
table. F o r exam ple, a fter 19ZZ com es 1A00.
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to right or from top to bottom when viewed in normal 
orientation, i.e.:

EA12B5 or E 
A 
1 
2 
B 
5

In cases where sufficient surface area is not available to provide 
a complete uninterrupted set o f characters, the characters may 
be grouped by separating the fuel fabricator’s prefix from the 
serial number. This should be the only permissible method of 
grouping. In cases o f grouping, there should be no hyphen or 
other mark between the two groups, and the characters shall be 
in a straight horizontal or vertical line, i.e.:

EA 12B5 or E 
A 
1 
2 
B 
5

AIV-3. Responsibilities

AIV-3.1. Drawings: The fuel fabricator shall provide to the user, prior 
to delivery, fuel assembly outline drawings as required to show 
location, size and configuration of identification numbers 
provided on all fuel assemblies supplied to the user. Drawings 
showing the same information shall, in turn, be transmitted to 
the fuel reprocessor by the user before delivery o f the fuel 
assemblies to the reprocessor.

AIV-3.2. Fabricator records: The fuel fabricator shall be responsible for 
maintaining records o f assigned fuel assembly identification 
numbers and ensuring that the numbers he assigns will not be 
duplicated.

AIV-3.3. Viewing capability: The fuel assembly user and the reprocessor 
shall provide viewing capability at their respective facilities which 
shall be suitable for determining identification of both irradiated 
and unirradiated fuel assemblies.

AIV-3.4. Verification: The fuel assembly user and the reprocessor shall 
be responsible for verification of fuel assembly identification 
for all fuel assemblies at their respective installations.
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DEFINITIONS

The following definitions are intended for use in the NUSS programme and 
may not necessarily conform to definitions adopted elsewhere for international 
use. Items marked with an asterisk have been taken from the list o f  definitions 
included in the approved Codes o f  Practice published under the NUSS programme.

Checking

As related to design, checking is the detailed technical examination o f a 
document to make certain that it is accurate, and to ensure that all the technical 
design inputs, design bases, and other design criteria have been correctly 
incorporated.

Design Interface

The boundary between the design-related responsibilities and activities of 
one organization, group or individual, and another organization, group or individual. 
It includes both the external design interface, which is the boundary between 
different organizations, and the internal design interface, which is the boundary 
between design units o f the same organization.

*Documentation

Recorded or pictorial information describing, defining, specifying, reporting 
or certifying activities, requirements, procedures or results related to Quality 
Assurance.

*Examination

An element o f Inspection consisting o f investigation o f materials, components, 
supplies, or Services, to determine conformance with those specified requirements 
which can be determined by such investigation.1

1 Quality Assurance Examination is usually non-destructive and includes simple physical 
manipulation, gauging and measurement.
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Fuel (Nuclear Fuel)

Fissionable and fertile material used in a nuclear reactor for the purpose of 
generating energy.

Fuel Assembly

A grouping o f Fuel Elements and supporting structures which is normally 
treated as a unit for handling and accountability purposes.

Fuel Element (Fuel Pin/Fuel Rod)

A component (rod, pin, cylinder, etc.) that consists primarily of the nuclear 
Fuel and its encapsulating materials.

*Inspection

Quality Control actions which by means of Examination, observation or 
measurement determine the conformance of materials, parts, components, systems, 
structures, as well as processes and procedures, with predetermined quality 
requirements.

Item

A general term covering structures, systems, components, parts or materials.

*Non-conformance

A deficiency in characteristics, documentation or procedure which renders 
the quality o f an Item unacceptable or indeterminate.

Poison (Nuclear Poison)

A substance which, because of its high neutron-absorption. cross-section, 
can reduce reactivity.

Procurement

The activities performed by a purchaser or his designated representative for 
obtaining an Item or Service, beginning with the preparation o f specified require
ments, and concluding with the purchaser’s acceptance o f such Item or Service.
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* Quality Assurance

Planned and systematic actions necessary to provide adequate confidence 
that an Item or facility will perform satisfactorily in service.

*Quality Control

Quality Assurance actions which provide a means to control and measure 
the characteristics o f an Item, process or facility in accordance with established 
requirements.

* Records

Documents which furnish objective evidence o f the quality o f Items and of 
activities affecting quality.

Services

The performance by a Supplier o f activities such as design, fabrication, 
Inspection, non-destructive Examination, repair or installation.

* Specification

A written statement o f requirements to be satisfied by a product, a material 
or a process, indicating the procedure by means o f which it may be determined 
whether the specified requirements are satisfied.

Supplier

An individual or organization under contract for furnishing Items or Services. 
This includes various levels or kinds pf procurement, e.g. as undertaken by vendors, 
sellers, contractors, sub-contractors, fabricators and consultants.

Testing

The determination or verification of the cability o f an Item to meet specified 
requirements by subjecting the Item to a set o f physical, chemical, environmental 
or operational conditions.
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LIST OF 
NUSS PROGRAMME TITLES

For the Safety Guides no plans exist to fill 
the gaps in the sequence o f  numbers.

Safety Series 
No.

Title Publication date 
of English version

1. Governmental organization
Code o f  Practice

50-C-G Governmental organization for the
regulation o f nuclear power plants

Safety Guides 
50-SG-G1

50-SG-G2

50-SG-G3

50-SG-G4

50-SG-G6

50-SG-G8

50-SG-G9

Qualifications and training o f staff 
of the regulatory body for nuclear 
power plants

Information to be submitted in 
support o f licensing applications 
for nuclear power plants

Conduct of regulatory review and 
assessment during the licensing 
process for nuclear power plants

Inspection and enforcement by the 
regulatory body for nuclear power 
plants

Preparedness of public authorities for 
emergencies at nuclear power plants

Licences for nuclear power plants: 
content, format and legal considera
tions

Regulations and guides for 
nuclear power plants

Published 1978

Published 1979

Published 1979

Published 1980

Published 1980

Published 1982

Published 1982
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Safety Series Title
No.

Publication date
of English version

Code o f  Practice 
50-C-S

Safety Guides 
50-SG-S1

50-SG-S2

50-SG-S3

50-SG-S4

50-SG-S 5

50-SG-S6

50-SG-S7

50-SG-S8

50-SG-S9

50-SG-S10A

50-SG-S 1 OB 

30

2. Siting

Safety in nuclear power plant siting

Earthquakes and associated topics 
in relation to nuclear power plant 
siting

Seismic analysis and testing of 
nuclear power plants

Atmospheric dispersion in 
nuclear power plant siting

Site selection and evaluation for 
nuclear power plants with respect 
to population distribution

External man-induced events in 
relation to nuclear power plant 
siting

Hydrological dispersion o f radioactive 
material in relation to nuclear power 
plant siting

Nuclear power plant siting: 
hydrogeological aspects

Safety aspects of the foundations 
of nuclear power plants

Site survey for nuclear power plants

Design basis flood for nuclear 
power plants on river sites

Design basis flood for nuclear 
power plants on coastal sites

Published 1978

Published 1979

Published 1979 

Published 1980 

Published 1980

Published 1981

Published 1983
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Safety Series Title
No.

Publication date
of English version

50-SG-S11A

50-SG-S 11B 

50-SG-S12

Code o f  Practice 
50-C-D

Safety Guides 

50-SG-D 1

50-SG-D2

50-SG-D3

50-SG-D4

50-SG-D 5 

50-SG-D6

Extreme meteorological events in Published 1981
nuclear power plant siting, 
excluding tropical cyclones

Design basis tropical cyclone 
for nuclear power plants

Radiological protection aspects of 
nuclear power plant siting

3. Design

Design for safety of nuclear power Published 1978 
plants

Safety functions and component 
classification for BWR, PWR 
and PTR

Fire protection in nuclear power 
plants

Protection system and related 
features in nuclear power plants

Protection against internally 
generated missiles and their 
secondary effects in nuclear 
power plants

External man-induced events in 
relation to nuclear power plant design

Ultimate heat sink and directly 
associated heat transport systems for 
nuclear power plants

Published 1979

Published 1979

Published 1980

Published 1980

Published 1982

Published 1981
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Safety Series Title
No.

Publication date
of English version

50-SG-D7

50-SG-D8

50-SG-D9

50-SG-D10 

50-SG-D11 

50-SG-D12 

50-SG-D13 

50-SG-D14

Code o f  Practice 
50-C-0

Safety Guides 
50-SG-01

50-SG-02

Emergency power systems at 
nuclear power plants

Safety-related instrumentation 
and control systems 
for nuclear power plants

Design aspects o f radiation 
protection for nuclear power 
plants

Fuel handling and storage systems 
in nuclear power plants

General design safety principles 
for nuclear power plants

Design o f the reactor containment
systems in nuclear power plants

Reactor cooling systems in 
nuclear power plants

Design for reactor core safety 
in nuclear power plants

4. Operation

Safety in nuclear power plant 
operation, including commissioning 
and decommissioning

Staffing o f nuclear power plants 
and the recruitment, training and 
authorization of operating personnel

In-service inspection for nuclear 
power plants

Published 1982

Published 1978

Published 1979

Published 1980
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Safety Series Title
No.

Publication date
of English version

50-SG-03

50-SG-04

50-SG-05

50-SG-06

50-SG-07

50-SG-08

50-SG-Q9

50-SG-010

50-SG-011

Code o f  Practice 
50-C-QA

Safety Guides 
50-SG-QA 1

Operational limits and conditions Published 1979
for nuclear power plants

Commissioning procedures for Published 1980
nuclear power plants

Radiological protection during 
operation o f nuclear power plants

Preparedness o f the operating Published 1982
organization (licensee) for emergencies 
at nuclear power plants

Maintenance o f nuclear power plants Published 1982

Surveillance of items important to Published 1982
safety in nuclear power plants

Management of nuclear power 
plants for safe operation

Core management, fuel handling 
and associated services for 
nuclear power plants

Operational management of 
radioactive effluents and wastes 
arising in nuclear power plants

5. Quality assurance

Quality,assurance for safety Published 1978
in nuclear power plants

Establishing of the quality assurance 
programme for a nuclear power plant 
project
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Safety Series Title
No.

Publication date
of English version

50-SG-QA2

50-SG-QA3

50-SG-QA4

50-SG-QA5

50-SG-QA6

50-SG-QA7

50-SG-QA8

50-SG-QA 10

50-SG-QA 11

Quality assurance records system

Quality assurance in the procurement 
o f items and services for nuclear 
power plants

Quality assurance during site 
construction o f nuclear power plants

Quality assurance during operation of 
nuclear power plants

Quality assurance in the design o f 
nuclear power plants

Quality assurance organization for 
nuclear power plants

Quality assurance in the manufacture 
of items for nuclear power plants

Quality assurance auditing for 
nuclear power plants

Quality assurance in the procurement 
design and manufacture of nuclear 
fuel assemblies

Published 1979 

Published 1979

Published 1981 

Published 1981 

Published 1981 

Published 1983 

Published 1981 

Published 1980 

Published 1983

r-r-*
O
co
CD
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