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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 of 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 of 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 of energy programmes throughout the world.

Since its inception the nuclear energy industry has maintained a safety 
record second to none. Recognizing the importance of this aspect of 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 of safety associated with 
thermal neutron nuclear power reactors. The programme, at present involving the 
preparation and publication of 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 of 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 of 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 of 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 of 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 of 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 of Practice and Safety Guides, which are based on docu
mentation and experience from various national systems and practices, are first 
drafted by expert working groups consisting of 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 of 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 of implementing specific parts of the relevant Codes 
of 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 of fissile and radioactive materials and of 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 of the 
document and to have the same status as that assigned to the main text of the 
document.

On the other hand annexes, footnotes, lists o f  participants and bibliographies 

are only included to provide information or practical examples that might be help
ful to the user. Lists of additional bibliographical material may in some cases be 
available at the Agency.

A list of 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-SG-S2 

Safety Series No. 50-SG-04 

Safety Series No. 50-SG-08 

Safety Series No. 50-C-QA 

Safety Series No. 50-SG-QA2 

Safety Series No. 50-SG-QA3 

Safety Series No. 50-SG-QA7 

Safety Series No. 50-SG-QA10

The titles are given in the Provisional 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 of Practice on Quality Assurance for Safety in Nuclear 
Power Plants (IAEA Safety Series No. 50-C-QA), hereinafter referred to as the 
Code, identifies the need for establishing and implementing effective quality 
assurance programmes for activities affecting safety during the site construction 
of nuclear power plants. Like the Code, the present Guide was prepared as part 
of the IAEA’s programme, referred to as the NUSS programme, for establishing 
Codes of Practice and Safety Guides relating to land-based stationary thermal 
neutron power plants.

It is recognized that the level of quality assurance programmes needed will 
vary, depending on the site construction activity being performed.

The most important factor to be considered in determining the extent of 
quality assurance efforts is the effect on safety of an error in service or the 
malfunction or failure of an item. Other factors for consideration include:

(1) The complexity, uniqueness or novelty of the item
(2) The degree of standardization of the item
(3) The need for special controls, administrative measures, and 

surveillance over processes, methods and equipment
(4) The degree to which compliance with design requirements can be 

demonstrated by inspection and tests
(5) The quality history
(6) The accessibility of the item, after installation in the plant, for 

maintenance, in-service inspection and replacement.

1.2. Scope

This Safety Guide provides requirements and recommendations related to 
the establishment and implementation of a quality assurance programme for 
the site construction activities at nuclear power plants.

These include activities such as fabricating, erecting, installing, handling, 
storing, cleaning, flushing, inspecting, testing, modifying, repairing, and 
maintaining.

Other activities, e.g. design, procurement and operation, are covered in 
other Safety Guides in the quality assurance series.

For additional information related to the testing of nuclear power plant 
systems, the reader is referred to the Safety Guide on Commissioning Procedures

1
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for Nuclear Power Plants (IAEA Safety Series No.50-SG-04) and the Safety 
Guide on Standard Tests of Important Systems and Components in Nuclear 
Power Plants (IAEA Safety Series No. 50-SG-08).

1.3. Responsibility

The organization having overall responsibility for the nuclear power plant 
(hereinafter referred to as the responsible organization) shall also be responsible 
for the establishment and implementation of the quality assurance programme 
during site construction. The responsible organization may delegate to other 
organizations the work of establishing and implementing all or part of the 
programme, but it retains responsibility for the effectiveness of the entire 
programme, without prejudice to the contractor’s obligations and legal responsi
bilities. The programme shall be established at a time consistent with the schedule 
for accomplishing the activities.

1.4. Organization

The Code sets out the general framework for organization. The Safety Guide 
on Quality Assurance Organization for Nuclear Power Plants (IAEA Safety Series 
No. 50-SG-QA7) contains further requirements and recommendations for the type 
and structure of organizations participating in the construction of a nuclear power 
plant.

2. GENERAL REQUIREMENTS

2.1. Planning

Site construction activities, including verification activities, shall be planned 
and documented. The plan shall define the operations to be performed, the 
systematic and sequential progression of operations, the persons responsible for 
each activity, and the measures employed to ensure the specified quality.

Planning shall take into account the requirements for site manufacture, 
installation, and inspection and testing of structures, systems, and components, 
such as: (a) the need for the identification, preparation and control of procedures 
and work instructions, (b) the need for special equipment or material, and (c) the 
need for trained personnel. The organization responsible for planning these 
activities shall examine specifications for structure, system and component design, 
procurement documents and drawings, and construction work plans and schedules.

2
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This examination shall assure that activities for site manufacture, installation, 
inspection, and testing have been identified; that they can be accomplished as 
specified; and that time and resources are sufficient to accomplish the required 
actions. Deficiencies disclosed during planning shall be brought to the attention 
of the responsible organization or its designee.

2.2. Procedures, instructions and drawings

Activities covered by this Safety Guide shall be prescribed by written pro
cedures, instructions or drawings of a type appropriate to the circumstances and 
shall be accomplished in accordance with them. Procedures, instructions and 
drawings shall cover both administrative and technical aspects of the quality 
assurance programme. The preparation, review, approval, issue and revision of 
these procedures, instructions and drawings shall be subject to control. For 
information on document and design control, the reader is referred to Sections 
4 and 5 of the Code.

2.2.1. Content

The format of a procedure or instruction may vary, depending on the purpose 
of the document and the practices of the organizations participating in the activity. 
However, each shall include as appropriate:

(1) Title: A title which is descriptive of the item or activity to which the 
procedure or instruction applies, and which includes an identification 
number, a revision number or date, and an approval status.

(2) Statement o f  applicability: A clear statement of the purpose for which 
the procedure or instruction is intended.

(3) References: References, such as codes and specifications, quality plan, 
drawings and complementary procedures, including actions to be taken 
in the event of non-conformance.

(4) Prerequisites: Those independent actions or other procedures which 
shall be completed, and conditions which shall exist, prior to use of the 
procedure or instruction.

(5) Precautions: Precautions to alert the individual performing a task to 
those measures necessary to protect equipment and personnel during 
installation, inspection and tests.

(6) Sequential actions: Step-by-step instructions in the degree of detail 
necessary for performing a required function or task, including 
identification of any witness- or hold-points, and the records required.

3
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(7) Acceptance criteria: Appropriate quantitative or qualitative acceptance 
criteria for determining that activities have been satisfactorily 
accomplished.

(8) Check lists: For complex procedures, check lists may be included as 
part of the procedure or may be appended.

2.2.2. Review and approval

Procedures and work instructions shall be reviewed and approved prior to 
issue. Changes to these documents shall be reviewed and approved by the organ
ization that performed the original review and approval, unless the responsible 
organization designates another organization.

2.3. Housekeeping during construction and installation

To preserve the requisite quality of the item being constructed or installed, 
measures shall be established and implemented for performing housekeeping 
operations in accordance with specified requirements. These shall include methods 
and techniques for control of the site area, the facilities, and the material and 
equipment being incorporated in the plant.

Cleanness requirements for housekeeping activities shall be established.
These shall take into account control of environmental conditions and personnel 
access. Where clean zones are used to achieve this control, they shall be clearly 
marked, and procedures or instructions shall be issued to regulate their usage.

2.4. Receiving, storage and handling of materials and equipment

Measures shall be established and implemented to control the receiving, storage 
and handling of material and equipment, and to prevent their abuse, misuse, 
damage, deterioration or loss of identification. Appropriate procedures and 
instructions shall be prepared to implement these measures.

2.4.1. Receiving

Parts and components arriving at the construction site should be given a 
visual inspection before unloading to verify that there is no damage due to:

(1) improper handling
(2) tie-down failure
(3) transportation
(4) environmental factors

4
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(5) fire
(6) any other cause.
After unloading, inspection shall be performed in an environment at least 

equivalent to that which is required for protection during storage of the item. 
This inspection shall be carried out as appropriate for:

(7) identification, and marking
(8) manufacturing documentation, including certificate of conformance
(9) protective covers and seals

(10) coatings and preservatives
(11) physical damage
(12) cleanness
(13) inert gas blanket and condition of desiccant.

For requirements and recommendations on receiving inspection, the reader is 
referred to Sections 7 and 9 of the Safety Guide on Quality Assurance in the 
Procurement of Items and Services for Nuclear Power Plants (IAEA Safety Series 
No. 50-SG-QA3).

2.4.2. Storage

Storage shall be provided as specified to segregate and protect material, parts 
or components prior to their installation and use. Procedures for methods and 
conditions of storage to prevent the lowering of quality, due to such effects as 
corrosion, contamination, deterioration and physical damage, shall be prescribed.

Procedures to control storage areas shall be established and implemented. 
These procedures shall prescribe the following as appropriate:

(1) Access to storage area
(2) Cleanness and housekeeping practices
(3) Fire protection
(4) Identification and marking
(5) Protective cover and seals
(6) Coatings and preservatives
(7) Prevention of physical damage
(8) Removal from storage
(9) Environmental control (such as temperature and humidity)

(10) Preventive maintenance.
Inspections shall be performed as necessary to assure that the specified 

conditions are maintained.
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Detailed instructions and procedures shall be prepared to ensure that all 
materials and items are properly handled. They shall take account of:

2.4.3. Handling

(1) Weight
(2) Size
(3) Susceptibility to shock damage
(4) Surface finish
(5) Prescribed handling points
(6) Orientation
(7) Special handling equipment and any tests required for it.
Items such as special cartons, containers, protective devices, hoists, 

manipulators and transport vehicles should be considered for use where handling 
operations are of a nature likely to cause damage. Operators and users of all such 
items shall be qualified in their use either by experience or by special training.

Equipment for handling items shall be used and maintained in accordance 
with approved procedures, which shall conform with existing regulations and 
standards.
2.5. Cleaning of fluid systems and associated components

Requirements for cleaning of fluid systems and associated components and 
requirements for the control of cleanness shall be established throughout 
construction. Cleaning and cleanness control procedures shall be prepared and 
shall consider the following:

(1) Identification of the systems and sub-systems with which the procedures 
are to be used

(2) Work practices, housekeeping, access control, and prevention of 
contamination and recontamination

(3) Effectiveness of cleaning procedures for removal of contaminants
(4) Corrosiveness of cleaning solutions in contact with the material of an 

item, particularly in the case of dissimilar metals
(5) Chemical composition, concentration, and temperature limits of any 

cleaning solutions and inhibitors used
(6) Identification of prohibited materials
(7) Solution and metal temperatures, solution concentrations, velocity, 

and contact times during cleaning
(8) Methods for monitoring the concentrations and temperatures of cleaning 

solutions during cleaning operations
6
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(9) Sequence of operations and methods for filling, venting, fluid circulation, 
draining, and flushing

(10) Equipment isolation, location of temporary piping and valves, location 
of strainers and location of temporary equipment

(11) Determination of construction operations that should be prohibited 
during cleaning operations

(12) Restrictions on the usage and storage of potentially hazardous materials
(13) Methods for rinsing and neutralizing, and specifications of the number 

of rinses
(14) Methods for verifying cleanness
(15) Methods for drying and preservation of equipment pending its use
(16) Methods for protecting installed equipment not involved in the 

cleaning operations
(17) Methods for disposal of cleaning solutions
(18) Methods for maintaining cleanness

2.6. Protective coatings

Activities associated with painting or coating of items and surfaces for which 
coating is essential to the preservation of the quality of the item, or for which 
the failure of the coating could adversely affect the safety of the plant, shall be 
performed in accordance with approved procedures. Care shall be taken that the 
nature and properties of painting or coating are such that they do not interfere 
with proper functioning, marking, tests or non-destructive examination. When 
paintings or coatings are applied, measures shall be taken to avoid damage to nearby 
equipment.

2.7. Measuring and test equipment control

Procedures shall be prepared which prescribe the selection, identification, use, 
calibration requirements, and calibration frequency of all measuring and test 
equipment. Identification of the test equipment, and its calibration status, shall 
be maintained on the equipment or on records traceable to the equipment. Cali
bration shall be in accordance with an approved procedure and with recognized 
standards.

When any measuring and test equipment is'found to be out of calibration, it 
shall be identified, marked or segregated to prevent its further use until it has been

7
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submitted for recalibration. Materials or items measured or tested by that equip
ment shall be reviewed, and disposition shall be made in accordance with approved 
procedures.

2.8. Qualification and training of personnel

Persons performing work, and those inspecting or verifying that work is in 
accordance with specified requirements, shall possess a level of proficiency 
necessary to ensure that the product of the work meets the specified requirements. 
Where requirements for personnel qualifications are specified in applicable codes 
or standards, the qualification shall be documented and shall include the period 
for which the qualification is valid.

Personnel shall receive training as necessary in order to develop proficiency 
in the tasks they perform, e.g. welding, heat treatment, or non-destructive 
examination; and to familiarize themselves with products, special equipment, 
quality assurance programme requirements and procedures, etc. Additional 
information on qualification of quality assurance personnel is contained in Safety 
Guide 50-SG-QA7.

2.9. Other aspects

For other aspects of the quality assurance programme for site construction 
of nuclear power plants, such as document control, non-conformance control, 
corrective action, records and auditing, the reader is referred to the requirements 
of the corresponding sections of the Code.

Additional information pertaining to records and auditing is contained in the 
Safety Guide on Quality Assurance Records System for Nuclear Power Plants 
(IAEA Safety Series No. 50-SG-QA2) and the Safety Guide on Quality Assurance 
Auditing for Nuclear Power Plants (IAEA Safety Series No. 50-SG-QA10).

3. INSTALLATION, INSPECTION 
AND TESTING OF SOIL, FOUNDATIONS, 
CONCRETE AND STRUCTURAL STEEL

3.1. Preconstruction verification

3.1.1. Material verification

Verification that materials meet specified requirements shall be accomplished 
through qualification tests prior to their initial use.
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Tests necessary to qualify materials for normal application shall include those
on materials such as concrete aggregates, cement, fly ash, water and ice, curing
compounds, concrete mixes, concrete admixture and reinforcement.

3.1.2. Verification o f  construction processes

It shall be verified that the prerequisites for control of construction processes 
such as welding, bolting, and structural reinforcement splicing, and for measuring, 
mixing, transporting, placing, consolidating and curing of concrete have been 
accomplished. For each process, the following should be verified:

(1) The process has been qualified as required.
(2) Process controls are in effect.
(3) Approved procedures or instruction manuals are available for use 

during construction.
(4) The process for the particular application has been approved.
(5) Manpower, equipment, and materials are available to perform the work 

in accordance with drawing and specification requirements.
(6) Personnel are appropriately qualified.

3.2. Inspection of soils, rocks and earthworks
Inspection of soils, rocks and earthworks, and in-process inspection of placing 

and compacting operations shall cover the following:
(1) Materials such as stockpiles or borrow pits.
(2) Placing and compacting equipment — to verify correct weight, type, 

operating condition and vibration frequency.
(3) Preparation for placement of fill -  to ensure compliance with 

requirements for preparation of the site and sub-grade, so that the sub
grade surface is, within specified limits, free of deleterious materials and 
voids, excess moisture, snow, frost or frozen lumps.

(4) Soil compaction -  to verify that: (a) the fill material and its placement 
meet specified requirements; (b) segregation of fill material does not 
occur as it is dumped and spread; (c) the specified lift thicknesses are 
not exceeded; (d) the required watering is provided on each lift;
(e) the compacting equipment makes the specified number of passes 
over each lift; and (f) passes overlap.

(5) , Rock strata, where they are involved in foundations -  to verify rock
competence.
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In-process tests shall be performed during the course of construction.
A list of these tests is given in Annex I. If the test results are erratic, or if the 
trend of results indicates an apparent change in material characteristics, the 
frequency of the tests should be increased.

3.3. Inspection of foundation piles and caisson construction

3.3.1. Foundation piles

Inspection of foundation piles shall include the following:
(1) Receiving inspection, and inpection to verify the handling, storage 

and transporting of the piles.
(2) Pile driving of wood, steel, pre-cast concrete piles and shells for cast- 

in-place concrete piles with permanent casing — to verify the locations, 
positioning, correctness of pile hammer, pile type, cushioning material, 
pile driving procedure and sequence.

(3) Concrete placement in cast-in-place piles with permanent casing — to 
verify, prior to casting, the casing conditions and straightness, dewatering 
of casing, if necessary, and amount and positioning of reinforcement; 
after placement of concrete, those verifications described in 
subsection 3.4.5 of this Guide.

(4) Cast-in-place piles without permanent casing — to verify the size, 
location and positioning of the pile, the amount and placement of 
concrete, and the method of withdrawing the casing.

(5) Composite piles and splicing piles — to verify the alignment, cleanliness 
of interface, temperature limitations and splice installation.

(6) Test piles — to verify their driving or construction, the load tests 
and their performance.

3.3.2. Caisson construction

Inspection of caisson construction shall include the following:
(1) Caisson excavation — to verify the dimensions of the shaft, and

location of the reamed bottoms of caissons; and the suitability of the 
supporting material, including the absence of voids and caverns below 
the caissons.
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(2) Caisson construction -  to verify: removal of loose soil, dewatering 
if applicable, concrete placement head, casing withdrawal method, and 
methods of proportioning and placing concrete for slurry-stabilized 
caissons.

3.4. In-process inspection and testing of concrete

3.4.1. General

The quality assurance programme for inspection and testing of concrete 
construction shall include: inspection of preparations for concreting; in-process 
inspections and testing of concrete measuring, mixing, transportation, placement, 
curing and protection; and, where appropriate, testing for conformance to require
ments. It should be recognized that requirements for inspection and testing will 
vary depending upon the structural functions of concrete construction (e.g. 
containment building, foundation, pressure vessel) and that these differences 
should be taken into account in drawing up the programme. Examples of typical 
materials and in-process test requirements are listed in Annex I.

3.4.2. Protection o f  materials

Inspections shall be performed to verify the adequacy and maintenance of 
material storage conditions and handling techniques. These inspections should 
cover:

(1) Cement storage facilities — to verify weather tightness, cement 
temperature and the absence of lumps; and review of records -  to 
verify type and age of cement.

(2) Aggregate stockpiles — to verify that handling techniques do not 
result in segregation, that sotrage and handling prevent contamination, 
and that temperature and moisture controls are in operation.

(3) Admixture storage and handling facilities — to verify that deterioration 
and contamination are prevented.

(4) Water sources and cooling and heating facilities -  to verify that the 
specifications for water quality and for concrete temperature are met.

3.4.3. Equipment for measuring, mixing and transporting

Inspections shall be performed prior to and during the production of con
crete to verify that the measuring, mixing, and transporting equipment are as 
specified and that they are operated in accordance with established procedures.
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(1) Measuring facilities -  to verify the accuracy of devices that measure, 
weigh, or record:
(a) Proportions of cement, water, and aggregates
(b) Nature and quantities of admixtures
(c) Aggregate moisture compensation
(d) Mixing time
(e) Temperature control.

(2) Central mix plant and truck mixers — to check for excessive wear 
and/or malfunction.

3.4.4. Preplacement preparations

Inspection of preparation for concrete placement shall be performed. These 
inspections should cover:

(1) Compacted structural fill prior to placement -  to verify that specified 
material has been used, and to check condition of material, gradation, 
moisture content, in-place density, and compliance with compaction 
procedures.

(2) Rock surfaces which will be in contact with structural concrete -  to 
verify surface cleanness, removal of loose rock and free water, correct 
contour, and specified sub-grade condition.

(3) Previously placed concrete -  to verify preparation for the next lift.
(4) Formwork, reinforcing, and embedded items (including instrumentation), 

— to verify: correct location and configuration of formwork; installa
tion and integrity of water stops and membrane waterproofing; 
condition of form material to produce the specified concrete finish; 
installation of ties, anchors, bracing, shoring and supports; correct size, 
orientation and installation of reinforcing steel and embedded items; 
correct location and dimensions of control joints, expansion joints, 
construction joints, blockouts; form coating; and cleanness.

(5) Splicing operations for mechanical reinforcing bars.

3.4.5. Concrete placement

Inspections of concrete placement shall be performed. These inspections 
should include verification that:

(1) Specified tests of concrete have been performed.

These inspections should cover:
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(2) Specified requirements are adhered to, regarding class of concrete, age, 
rate of placement, lift height, placing sequence, and hot or cold weather 
concreting practice.

(3) Conveying and placing equipment are used as specified.
(4) Adequate concrete-consolidation equipment, and appropriate techniques 

of operation are employed.
(5) Embedded items are not disturbed nor forms displaced.

3.4.6. Finishing and repair

Inspections shall be performed to verify that specified finishes, e.g. wood 
float, steel trowel, or as-cast are obtained.

Any indications of voids or contamination, such as at a construction joint, 
shall be explored, by physical removal of concrete if necessary, to determine 
their extent. Appropriate repairs shall be made and documented.

3.4.7. Curing

Inspections shall be performed throughout the specified curing period to 
verify that the curing requirements are adhered to. Such inspections should 
cover:

(1) Moisture control
(2) Temperature control
(3) Use of curing compounds
(4) Retention time of shoring and formwork.

3.4.8. In-process tests on concrete and reinforcing steel

In-process tests shall be performed during the course of construction to 
ensure that the concrete meets specified requirements. These should include 
tests on physical and chemical properties of base materials and finished products.
A list of typical in-process test requirements is contained in Annex I.

3.4.9. Inspection and testing o f  mechanical splices

3.4.9.1. Qualification of operators
Before the splicing of reinforcing bars, each splicing operator, or each crew 

if the operators work as a crew, shall perform qualification tests as required.
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3.4.9.2. Inspections and tests

All completed mechanical splices shall be visually inspected after they have 
cooled to ambient temperatures. Splices that fail to pass visual inspection 
shall be discarded and replaced and shall not be used as tensile test samples.

Tensile tests shall be performed at a specified frequency on either production 
splices, or test splices made at the same locations and under the same conditions.

3.4.10. Welded reinforcing bar splices

Welded reinforcing bar splices shall be subject to the inspection and testing 
requirements of subsection 3.5.5.

3.4.11. Materials and systems for pre-stressing

All materials and systems used in pre-stressed concrete applications shall be 
inspected in accordance with specified requirements. Equipment used in the 
installation of pre-stressed tendons and windings shall be tested and calibrated.
A list of typical tests required for pre-stressing materials is contained in Annex I.

3.4.12. Pre-stress level monitoring o f  the concrete pressure vessel and reactor 
building

Inspection procedures shall ensure that, if stipulated by design documents, 
representative samples of pre-stressed structures are identified for periodic 
monitoring of pre-stress levels during the life of the structures.
3.4.13. Leak and pressure tests o f  the concrete pressure vessel and reactor building

Procedures shall be established for leak and pressure tests of the concrete 
pressure vessel and reactor building. The procedures shall conform to the applicable 
specifications, codes and standards, and to other requirements.

An inspection shall be performed to verify that the instrumentation has been 
installed in accordance with the appropriate drawings and specifications.

All test instrumentation, and all dimensional-measuring devices shall be 
calibrated prior to the leak and pressure test.

3.4.14. Seismic tests for the concrete pressure vessel and reactor building

For seismic testing of the concrete pressure vessel and reactor building, the 
reader is referred to the requirements and recommendations of the Safety Guide 
on Seismic Analysis and Testing of Nuclear Power Plants (IAEA Safety Series 
No.50—SG-S2).
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3.5. Inspection of steel construction

3.5.1. General

Steel construction, which includes related items, such as anchor bolts and 
base plates, and which is part of the supporting structure or is installed as part of 
structural concrete work, shall be subject to inspections according to requirements. 
Such inspections shall also cover: assembly and erection operations; fastening 
or connecting operations; and welding and finishing, including cleaning and 
protective painting or coating.

3.5.2. Supporting structures

Anchor bolts, base plates and other structural embedments shall be checked, 
prior to erection of structural steelwork, for type, correct location, orientation, 
spacing and elevation. Base plate surfaces and supporting concrete surfaces 
shall be checked before grouting to verify satisfactory condition.

Grouting shall be performed in accordance with an approved procedure.

3.5.3. Assembly and erection

Assembly and erection operations and equipment shall be inspected to 
verify compliance with installation procedures and work instructions. Alignment 
operations and inspections should be carried out early enough, and as often as is 
necessary as erection progresses, to ensure that specified requirements are met 
with particular reference to environmental factors such as temperature.

Particular attention should be given to verifying bolt hole alignment and the 
condition of contact surfaces of friction type connections.

3.5.4. High-strength bolting

Bolts shall be used and tightened in accordance with the specified procedures. 
Inspection of bolting shall include visual inspection of bolting operations. Where 
load-indicating washers or similar devices are used, inspection shall be implemented 
to ensure correct assembly. Hand-torque and impact-torque wrenches used for 
inspections shall be tested and calibrated periodically, in accordance with specified 
requirements.

3.5.5. Welding

Inspection of structural steel welding including reinforcing bar splices shall 
include visual examination of preparations, welding processes, post-welding
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operations and, if deemed necessary, some non-destructive examination which is 
appropriate to the application. Prior to welding, verification shall be made that the 
welding procedures are correctly selected and qualified. Welder qualification 
shall also be verified. In-process inspections shall cover joint fit-up prior to start 
of welding, preheat and interpass temperature requirements, filler material, control 
of distortion, and post-weld heat treatment and cleaning requirements.

Procedures shall be established to control the purchase, receiving, segregation, 
identification, distribution, storage, and use of weld filler materials.

Weld repairs shall be made by qualified welders in accordance with an 
approved repair procedure and reinspected, as a minimum, by the same method 
which disclosed the defect. All such weld repairs shall be documented.

4. INSTALLATION, INSPECTION 
AND TESTING OF MECHANICAL 

EQUIPMENT AND SYSTEMS
4.1. Pre-installation verification

4.1.1. Identification o f  items

Inspections shall be made to verify that the identity of received mechanical 
materials and equipment has been maintained and is in accordance with the 
applicable approved drawings, equipment lists, specifications and established 
procedures.

Inspections shall be made to verify that a control system for maintaining 
identification of mechanical items throughout installation has been established, 
and that it includes provisions for controlling substitution or exchange of equip
ment or materials. The control system shall provide appropriate identification 
of items by correlation to drawings, specifications or other records.
4.1.2. Verification o f  installation prerequisites

Inspection shall be performed to verify that processes and procedures are 
ready when needed for use in the installation of mechanical items. These 
inspections or checks should include verification that:

(1) Approved procedures, drawings, manuals or other work instructions are 
provided to the installer at the construction site.

(2) Approved procedures and instructions for special processes such as 
coating, welding, heat treating, and non-destructive examination are 
available at the site.
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(3) Where applicable, personnel have been qualified.
(4) Installation preparations have been completed, including such tasks as 

removal of packaging, conditioning, cleaning, protecting, and preliminary 
positioning, as appropriate.

(5) Jigs, fixtures and equipment for special processes, if required, are 
available at the site and conform to specified requirements.

(6) Equipment for handling and placement of mechanical items is available 
at the site.

(7) Warnings and safety notices appropriate to the activity are posted.
(8) Approved procedures and equipment are available for carrying out 

verification activities, including dimension checks, where appropriate.

4.1.3. Physical condition o f  components

Inspections shall be performed to verify that mechanical items at the point of 
installation are in accordance with the specified requirements and that quality has 
been maintained.

These inspections should include verification that:
(1) Protection measures and physical integrity during storage and handling 

have been maintained.
(2) Non-conformances have been satisfactorily resolved.
(3) Items have been cleaned in accordance with specified requirements.

4.1.4. Site conditions

Inspections shall be performed to verify that conditions of the installation 
area conform to specified requirements, and that precautions have been taken to 
prevent conditions that would adversely affect the quality of the item during 
installation. These inspections should verify that:

(1) Protection from adjacent construction activities is provided.
(2) Protection from inclement weather and other ambient conditions 

adverse to quality is provided.
(3) Materials that may be deleterious to the mechanical items being 

intalled are controlled.
(4) Installation of the mechanical item will not adversely affect subsequent 

installation activities.
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(5) Non-conformances whose correction could adversely affect the installa
tion of adjacent items have been resolved.

(6) Adequate permanent, or approved temporary, supports and mountings 
have been installed, and will properly interface with the mechanical 
item.

(7) Servicing or maintenance activity related to installation has been 
performed.

4.2. Installation process control

Verification shall be performed as appropriate to assure that the equipment 
has been installed in accordance with requirements.

4.2.1. Process and procedure control

Inspection shall be made to verify that a system of process and procedure 
controls has been established and maintained at the construction site. Such 
inspections should include verification that:

(1) The applicable procedures, drawings and instructions are being followed.
(2) Approved processes, materials, tools and other equipment are being 

used.
(3) The status of installation, inspections, examinations or tests is clearly 

indicated or identified in inspection records.
(4) The installation, inspection and testing sequence is being maintained.
(5) Non-conforming items are being controlled.
(6) “As-built” information is being recorded.
(7) Inspection and test reports are current, accurate and complete.
(8) Personnel are qualified as required.

4.2.2. Inspection

Inspections of work areas and the work in progress shall be performed to 
verify that mechanical items are being located, installed, assembled or connected 
in compliance with the applicable approved drawings, manufacturers’ instructions, 
codes, installation instructions and procedures. Inspections performed should 
include, as appropriate, verification of the following:

(1) Identification of items
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(2) Location and orientation of components
(3) Levelling and alignment
(4) Clearances and tolerances
(5) Tightness of connections and fastenings
(6) Fluid levels and pressures
(7) Absence of leakage
(8) Physical integrity
(9) Cleanness

(10) Condition of protective coating
(11) Welding operations, including materials and process controls, purging, 

and the removal of purge dams on completion
(12) Adequacy of protective measures to assure that the item will not be 

damaged during installation
(13) Existence of barriers and protective equipment, and of effective house

keeping, to ensure that items will not be damaged or contaminated as a 
result of adjacent construction activities.

Non-destructive examination when required shall be performed according to 
approved procedures. Techniques used in such examinations include: liquid 
penetrant, magnetic particle, ultrasonic, eddy current and radiography.

4.2.3. Installation verification

Verification shall be performed to ensure that mechanical items have been 
installed to specified requirements. If subsequent construction or associated 
activities affect the result of these verifications, they shall be repeated.

Verification of conformance in the following areas should be included as
appropriate:

(1) Greasing and lubrication
(2) Cooling water systems
(3) Strainers
(4) Rotation of prime movers
(5) Electrical circuits, controls and relays
(6) Phasing of electrical busbars
(7) Calibration of instrumentation
(8) Valving and isolation
(9) Priming and venting
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(10) Operating communications
(11) Isolation and control tags
(12) Piping system alignment
(13) Pipe hangers
(14) Restraints and dampers
(15) Valve glands and packing
(16) Pneumatic line operation
(17) Valve stroking and actuation
(18) Pump seals and packing
(19) Limit switches, interlocks and stops.

4.2.3.1. Cleaning

Installed systems and components shall be cleaned, flushed and conditioned 
in accordance with subsection 2.5 of this Guide. Special attention should be 
given to the following as appropriate:

(1) Chemical conditioning. It shall be verified that the specified chemicals 
at the designated strength and temperature are being used for the 
specified duration in the conditioning operations.

(2) Detection of foreign bodies in systems and components.
(3) Flushing. It shall be verified that mechanical items are being flushed 

in accordance with specified requirements.
(4) Process controls. It shall be verified that controls are being applied to 

the following:
(a) Removal of parts from the system to facilitate flushing, and 

re-installation
(b) Installation and removal of temporary strainers, blind flanges 

and piping
(c) Isolation of sensitive instrumentation
(d) Acceptance data, specimens, or progressive samples, if required.

4.2.3.2. Pressure- and leak-testing

Verification shall be performed to ensure that mechanical items are being 
pressure- and leak-tested in accordance with specified requirements. It should be 
verified that:

(1) Appropriate pressures, temperatures, test media chemistry and 
pressure-test cycles are established.

(2) Time at test pressure is as specified.
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(3) Provisions are available to protect instrumentation during testing, 
and to isolate it if necessary.

(4) Items external to defined test boundary are protected to prevent 
inadvertent overpressurization.

(5) Relief devices are available and are set to prevent system over
pressurization.

(6) Relief valves operate correctly.
(7) Piping, equipment and their supports are protected from hydrostatic 

loads as appropriate.
(8) Other appropriate provisions for the protection of personnel and equip

ment have been made.

4.2.4. Care o f  items

Items on which inspection and testing activities are being performed shall be 
protected from personnel traffic, weather and adjacent construction activities 
(such as concreting, sand-blastings, acid cleaning, welding, jackhammering, chipping, 
burning and stress relieving) that would adversely affect the quality of the item or 
test results. Such protection shall be provided by appropriate housekeeping 
practices, temporary packaging, and by erection of barriers, protective covers, and 
walkways.

4.3. Inspections and tests of installed systems

4.3.1. Inspections

Inspections shall be performed to verify that the installation meets specified 
requirements. As appropriate, it shall also be verified that:

(1) Equipment and materials have not sustained physical damage.
(2) All non-conformances have been satisfactorily resolved.
(3) Internal and external restrictions and obstructions to traffic flow and to 

required movement of equipment have been removed.
(4) Supports and restraints are installed to specified requirements.
(5) Connections with adjacent systems are compatible.
(6) Required material and component identification has been preserved, 

with provision for traceability where specified.
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(7) Safety features such as interlocks, cable separation, guards, warning 
devices, and lockouts have been installed, and they conform to 
applicable specifications, codes and standards and other requirements.

(8) System fluid chemistry meets specified requirements.
(9) Surface chemistry requirements have been maintained.

(10) Temporary connections and trip points of control equipment are 
identified and documented so that final condition can be verified.

(11) There is accessibility for inspection and maintenance.
(12) There is sufficient access for cooling air.

4.3.2. Preoperational testing

Preoperational testing shall include the operation of (a) each item in a 
system, (b) the partial system and (c) the complete system, to assure that 
installation and operation are in accordance with the specified requirements.

4.3.2.1. Equipment verification

The operation of items in a system or sub-system shall be checked to verify
that:

(1) All parts of the system are correctly installed.
(2) In-line instrument installation is consistent with specified flow directions.
(3) Sensing lines are phased correctly to in-line elements and sensors.
(4) Service requirements for initial operation such as flow alignments, flow- 

limiting orifices and relief devices have been satisfied.
(5) Controls, valves, dampers, operators, rotating equipment and load- 

limiting devices are operating correctly.
Where mechanical equipment or systems interface with non-mechanical 

equipment or systems, and it is necessary that operation of the two types of 
systems be co-ordinated, the tests performed shall verify their compatibility.

4.3.2.2. Cold functional tests

Cold functional tests shall be performed to demonstrate operability of 
individual components, subsystems and systems; and if necessary, to demonstrate
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compatibility with other systems. These tests shall cover individual systems, 
including reactor coolant systems. Where appropriate, the following shall be 
checked:

(1) System pressure drop
(2) Flow rate
(3) Control and throttling device settings
(4) Function of interlocks, alarms and automatic features
(5) Instrument calibration
(6) Setting of meter biases
(7) Systems stability
(8) Adequacy of pipe and equipment support settings
(9) Heat generated by rotating equipment

(10) Adequacy of ventilation, lubrication and cooling systems under 
sustained operating conditions

(11) Ability to meet fluid chemistry requirements
(12) Vibration measurements of major equipment and piping as applicable
(13) Operability of protection devices.

4.3.2.3. Hot functional tests

Hot functional tests shall be conducted prior to fuel loading to verify the 
functional operability of specified systems under simulated operational conditions, 
using an auxiliary source of heat. These tests shall include, as appropriate:

(1) System pressure drop
(2) Flow rate
(3) Controls and throttling device settings
(4) Interlocks, alarms and automatic features
(5) Instrument calibration
(6) Setting of meter biases
(7) Systems stability
(8) Adequacy of pipe and equipment support settings
(9) Heat generated by rotating equipment

(10) Verification of heat exchanger performance
(11) Verification of control systems operation
(12) Thermal insulation effectiveness
(13) Set points of temperature, pressure and level devices
(14) System heat-up tests
(15) System cool-down tests
(16) Hot flow tests
(17) Settings of protective devices
(18) Hot clearances
(19) Vibration measurements of major equipment and piping, as applicable
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(20) Adequacy of ventilation, lubrication and cooling systems under 
sustained operating and overrating conditions

(21) Ability to meet fluid chemistry requirements.

4.3.3. Protection o f  installed equipment and systems

Periodic inspection shall be made of installed equipment and systems which 
have been fully tested after installation, but cannot be put in operation or 
commissioned, before installation of other equipment. This inspection shall 
ensure, among others: (a) cleanness, (b) chemical control, (c) avoidance of 
adverse effects of stagnant fluids, (d) preservation and (e) avoidance of adverse 
effects of water and moisture.

5. INSTALLATION, INSPECTION AND 
TESTING OF INSTRUMENTATION 

AND ELECTRICAL EQUIPMENT
5.1. General

The requirements and recommendations of this section of the Guide apply 
to the installation, inspection and testing of electrical power, instrumentation, and 
control equipment and systems during the construction phase of a nuclear power 
plant. Also included is the following equipment:

(1) Connecting cables and cable trays
(2) Electric and instrumentation containment penetrations
(3) Instrumentation-sensing lines from the process root valves up to and

including the input transducers
(4) Primary sensing devices (e.g. orifices, flow nozzles, venturi tubes, and

reference columns)
(5) Hydraulic, pneumatic and vacuum instrumentation
(6) Output control transducers, including tubing and piping
(7) Fluid systems associated with stand-by generators and transformer

cooling systems
(8) Switchgear fluid systems
(9) Panels, enclosures and mountings

(10) Computer interfaces.

5.2. Pre-installation verification

Inspections shall be performed as applicable to assure that the items and the 
installation areas are in conformance with specific requirements. These inspections
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should verify that:
(1) Materials and equipment are identified in accordance with the applicable 

approved drawings, equipment lists, and specifications.
(2) Approved installation procedures, instruction manuals and any special 

work instructions required for specific equipment are available.
(3) Protective measures have been maintained during storage.
(4) Materials and equipment are free from physical damage, corrosion, 

contact contamination and condensation.
(5) Appropriate tools and instruments, calibrated as applicable, are 

available for use.
(6) Installation personnel are qualified.

5.3. Installation process control

Installation of equipment, cables and tubes shall be made in accordance with 
approved drawings, manufacturers’ instructions and installation specifications 
and procedures.

The following operations and procedures should be carefully checked:
(1) Cable pulling, splicing and terminating
(2) Cable segregation and separation
(3) Identification of items, such as by coding, colouring and tagging
(4) Installation and connection of hydraulic, pneumatic and vacuum systems
(5) Installation of electric and instrumentation penetration assemblies
(6) Installation of protective decices against fire, such as fire stops and 

barriers.
5.3.1. Inspections to verify correctness o f  installation

Inspections shall be made to verify that equipment is located, installed, 
assembled and connected in compliance with specified requirements. Such 
inspections should include, as appropriate, verification of:

(1) Levelling and alignment
(2) Clearances and tolerances
(3) Proper location and routing of cables and sensing lines
(4) Tightness of connections and fastenings
(5) Freedom of moving parts
(6) Correct polarity
(7) Proper grounding and shielding
(8) Terminations
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(9) Fluid levels and pressures
(10) Absence of leaks
(11) Physical integrity
(12) Identifying marks
(13) Accessibility for inspection and maintenance
(14) Access for cooling air.

Inspections should be made to verify adequacy of measures employed during 
construction for the preservation of systems pending their use or re-use. All 
temporary connections, such as jumpers and bypass lines, and all temporary set 
points of control equipment, shall be clearly identified and documented so that 
restoration to original conditions can be ensured before the item is placed in 
service.

5.3.2. Tests

Verification of construction activities shall include tests, performed in 
accordance with written test procedures, to ensure that items being installed 
comply with specified quality and performance requirements. These tests should 
be performed at appropriate points in the construction phase. Where preliminary 
operation of equipment, during construction, is utilized for a testing function, 
the purpose of the test, its scope, the conditions under which it is performed and 
its results shall be clearly established and documented.

Tests shall be repeated as appropriate if subsequent construction or associated 
activity may have affected their results. Repetition, if necessary, shall be 
accomplished prior to commissioning.

Electrical, mechanical, physical and chemical tests shall be performed during 
construction.

5.3.2.1. Electrical tests

The following electrical tests shall be performed:
(1) Tests to ascertain circuit continuity, absence of short circuits, correct 

polarity and correct direction of rotation.
(2) Tests to ascertain proper functioning of systems, including indicating 

meters, recorders, transducers, targets and lamps, annunciators and 
alarms, controls and interlocks.

(3) Voltage breakdown tests on liquid insulation.
(4) Overpotential tests as specified.
(5) Measurements of insulation resistance, as specified.
When overpotential tests are performed, the values shall conform to the 

applicable codes and standards.
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5.3.2.2. Mechanical tests

Appropriate mechanical tests shall be performed to ensure that electrical 
or instrumentation components or systems can withstand rated pressures. These 
tests should be applied to pressure-sensing and -transmitting devices which 
operate in steam; to hydraulic, pneumatic and vacuum systems; to interconnecting 
tubing; and to associated instruments. The tests shall be in accordance with the 
applicable codes, procedures and standards, and shall be conducted after the 
assembly is completed.

5.3.2.3. Physical and chemical tests

Physical and chemical tests shall include, as appropriate:
(1) Radiation sensitivity testing, to confirm that radiation sensors and 

controlling devices are functioning properly.
(2) Chemical analysis of fluids for purity, or for content of impurities 

such as oxygen or water.

5.4. Inspection and tests of installed systems

5.4.1. Inspections

Installed equipment and systems shall be inspected to verify that installation 
has been made in accordance with specified requirements, and that:

(1) Equipment and materials have not sustained damage during installation.
(2) All non-conformances have been satisfactorily resolved.
(3) Appropriate protective measures are applied after installation for 

preservation pending use or re-use.
(4) All temporary conditions such as jumpers, bypass lines, and temporary 

set points have been clearly identified and documented so that sub
sequent restoration can be ascertained prior to placing the items in 
service.

5.4.2. Tests

Installed equipment and systems shall be tested to demonstrate that the 
installation performs in accordance with design requirements. Before final 
testing, temporary electrical connections, temporary piping sections, abnormal 
chemical solutions, unspecified setting of devices, the fixing of a moving component, 
and the effecting of any other abnormality shall be rectified. Where fuel loading
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or other critical operations prevent using the complete assembly for the test, a 
documented notice shall be prepared indicating what substitutions were made for 
the test.

Where final component or sub-system testing precedes system performance 
testing, normal system read-out devices and installed transducers shall be used as 
far as possible to monitor the operation. Where the installed equipment is not 
adequate for the purpose of conducting tests, special measuring instruments and 
simulating devices shall be used.

Test equipment used shall have adequate capacity and be compatible with 
the system being tested, so that the results will not be distorted.

5.4.2.1. Equipment tests

Tests shall be performed to verify that the quality of installed equipment 
has not been affected during the construction phase. Where necessary, tests and 
shakedown runs shall be made on energized systems, to evaluate operations and 
to establish proper conditions for service (for example, the seating of brushes or 
bearings, the stabilization of instrumentation and the burn-in of electronic devices).

Tests shall be made to ensure that instrumentation and control channels are 
properly calibrated. In addition, specific tests shall be made at critical levels 
such as set points in a manner simulating the approach toward the set point.
These calibrations shall be made with devices in their normal positions if the 
calibration is dependent upon location or attitude. Tests shall be made to 
determine that proper response is obtained over the operating range of the device. 
Particular attention shall be given to verifying independence or dependence, as 
appropriate, of the elements of the systems.

Items requiring calibration shall be tagged or labelled on completion, 
indicating date of calibration and name of person who performed the calibration.

5.4.2.2. System tests

Tests shall be made to verify that all parts of a system properly co-ordinate - 
with each other, and to demonstrate, as appropriate, the required independence or 
interdependence of the systems or sub-systems. Consideration shall be given to 
demonstrating freedom from unwanted or harmful effects of conducted or 
induced electrical noise.

A review shall be made of all testing that has preceded the final integrated 
system testing, including both the tests made on assemblies and on components, 
with particular attention given to those that demonstrate functional or operational 
results. When these tests serve as a prerequisite or a part of the final system test, 
a review of construction activity which may have affected the results shall be made.

The final construction phase testing shall be made with all assemblies and 
components of sub-systems complete, except where a critical operation requires
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that temporary electrical connections, piping sections, or structural supports be 
installed to make the tests.

5.4.3. Protection o f  installed equipment and systems

Inspection shall be carried out periodically for the installed equipment and 
systems which have been fully tested, but which cannot be taken into operation or 
commissioning, to ensure among others: (a) cleanness, (b) chemical control,
(c) avoidance of adverse effects of stagnant fluids, (d) preservation and (e) avoidance 
of adverse effects of water and moisture.

6. ANALYSIS AND EVALUATION 
OF INSPECTION AND TEST RESULTS

Procedures shall be established for processing inspection and test results and 
for their analysis and evaluation. These procedures shall include acquisition and 
reduction of inspection and test results for prompt evaluation against acceptance 
criteria operating limits, and against performance criteria. The data processing 
procedures should provide for preliminary evaluation to determine the validity 
of the results and the appropriateness of continuing the inspection or test. The 
data shall be analysed and evaluated to verify completeness of results, achievement 
of inspection and test objectives and operational proficiency of structures, equip
ment and systems; to identify additional inspections or tests required; and to 
identify necessary changes to the installation inspection or test procedures. A 
report shall be prepared, covering inspection and test results, together with their 
analysis and evaluation.
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Material
Soil

Rock

Concrete

Grout
Aggregate

Annex 1 
TYPICAL MATERIAL AND IN-PROCESS 

TEST REQUIREMENTS FOR SOIL, 
CONCRETE AND STRUCTURAL STEEL

Requirement 
Compaction test

Grain size 
Plasticity index

Borrow moisture

Field density test
Water tightness of rock 
mass

Mixer uniformity 
Compression, cylinders

Slump 

Air content 

Temperature

Unit weight/yield
Compressive strength
Compliance with 

requirements for: 
Gradation 
Moisture content 
Fragment size 
Organic impurities

Test condition and frequency
One for each 10 000 m 3, with at least one 

for each soil type; and whenever soil type 
is questionable

One for each compaction test
One for each compaction test and when 

there are questionable changes in volume 
characteristics

One for each soil type, one before each work 
shift, and whenever the moisture content 
changes or is questionable

At least one for every 1000 m2
Test holes to  be drilled at representative 

loading zones, and tested to determine 
water tightness of the rock strata

Initially and every 6 months thereafter
One cylinder for 7-day test and two cylinders 

for 28-day test from each 100 m 3 or a 
minimum of one set per day for each class 
of concrete

One for first batch produced each day and 
one for every 50 m 3 placed

One for first batch produced each day 
and one for every 50 m 3 placed

One for first batch produced each day and 
one for every 50 m 3 placed

Daily during production
Daily during production

Daily during production 
Daily during production 
Daily during production 
Weekly during production
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Aggregate
(cont.)

Material

Water and ice

Admixtures

Fly ash and 
pozzolana

Cement

Reinforcing
steel

Cadweld 
reinforcing 
bar splices

Anchor head 
assemblies 
and wedge 
blocks

Wedge and 
anchor nuts

Pre- stressing 
systems

Requirement
Friable particles
Lightweight pieces
Soft fragments
Abrasion
Flat and elongated 

particles
Soundness

Effect on:
Compressive strength
Setting time
Soundness

Chemical composition

Chemical and physical 
properties

Standard physical and 
chemical properties

Physical properties of 
full-section test 
specimen

Tensile test

Hardness

Core hardness
Surface hardness

Static tensile 
test

High-cycle dynamic 
tensile test

Low-cycle dynamic 
tensile test

Stress relaxation 
properties

Test condition and frequency
Monthly during production 
Monthly during production 
Monthly during production 
Every 6 months

Every 6 months 
Every 6 months

Every 6 months 
Every 6 months 
Every 6 months

Composite of each shipment

One for each 200 tons

One for each 1200 tons, or for each new 
supplier

One full-section test on each bar size for 
each 50 tons, or fraction thereof, from 
each heat

One for the first 10 splices. One for each 
subsequent unit of 50 splices

10% of the parts from each lot

5% of each heat treatm ent lot

One test to destruction

500000 cycles

50 cycles

A minimum of three relaxation tests of 
1000-h duration
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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.

*Audit

A documented activity performed to determine by investigation, Examination 
and evaluation of Objective Evidence the adequacy of, and adherence to, established 
procedures, instructions, Specifications, codes, standards, administrative or opera
tional programmes and other applicable documents, and the effectiveness of 
implementation.

Disposition

An action to determine how a departure from specified requirements is to be 
handled or settled.

* Documentation

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

*Examination

An element of Inspection consisting of investigation of materials, components, 
supplies, or Services, to determine conformance with those specified requirements 
which can be determined by such investigation1.

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.

1 Quality Assurance Examination is usually non-destructive and includes simple physical 
manipulation, gauging and measurement.
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Item

A general term covering structures, systems, components, parts or materials.
*Non-conformance

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

*Objective Evidence

Qualitative or quantitative information, record or statement of fact, 
pertaining to the quality of an Item or Service, which is based on observation, 
measurement or test and which can be verified.

*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 of an Item, process or facility in accordance with established 
requirements.

* Records

Documents which furnish Objective Evidence of the quality of Items and 
of activities affecting quality.

Repair

The process of restoring a non-conforming Item to  a condition such that 
the capability of this Item to function reliably and safely is unimpaired, even 
though that Item still may not conform to the prior Specification.

Rework

The process by which a non-conforming Item is made to conform to a prior 
specified requirement by completion, remachining, reassembling or other corrective 
means.
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Services

The performance by a Supplier of activities such as design, fabrication, 
Inspection, non-destructive Examination, Repair or installation.

*Specification

A written statement of requirements to be satisfied by a product, a material 
or a process, indicating the procedure by means of 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 of procurement, e.g. as undertaken by vendors, 
sellers, contractors, sub-contractors, fabricators and consultants.

*Testing

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

Safety Series 
No.

Provisional title Publication date 
of English version

1. Governmental organization

Code o f  Practice

50-C-G Governmental organization for the
regulation of 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 of staff 
of the regulatory body for nuclear 
power plants
Information to be submitted in 
support of 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
Establishment of regulations and 
guides by the regulatory body for 
nuclear power plants, and their 
purpose

Published 1978

Published 1979

Published 1979

Published 1980

Published 1980
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Safety Series Provisional 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-S9
50-SG-S10A

50-SG-S 1 OB

2. Siting

Safety in nuclear power plant siting Published 1978

Earthquakes and associated topics Published 1979 
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 of radioactive 
material in relation to nuclear power 
plant siting
Nuclear power plant siting: 
hydrogeological aspects
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 1979

Published 1980
\

Published 1980 

Published 1981
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Safety Series Provisional title
No.

Publication date
of English version

Safety Guides (cont.)
50-SG-S11A Extreme meteorological events in

nuclear power plant siting, 
excluding tropical cyclones

50-SG-S11B Design basis tropical cyclone
for nuclear power plants

50-SG-S12 Radiological protection aspects of
nuclear power plant siting

3. Design

Code o f  Practice 
50-C-D Design for safety of nuclear power 

plants

Safety Guides 

50-SG-D 1

50-SG-D2

50-SG-D3

50-SG-D4

50-SG-D 5

50-SG-D6

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
Man-induced events in relation to 
nuclear power plant design
Ultimate heat sink and directly 
associated heat transport systems for 
nuclear power plants

Published 1978

Published 1979

Published 1979 

Published 1980 

Published 1980

Published 1981
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Safety Series Provisional title
No.

Publication date
of English version

Safety Guides (cont.)
50-SG-D7 Emergency power systems at

nuclear power plants
50-SG-D8 Instrumentation and control of

nuclear power plants
50-SG-D9 Design aspects of radiological

protection for nuclear power 
plants

50-SG-D10 Fuel handling and storage systems
in nuclear power plants

50-SG-D11 General design safety principles
for nuclear power plants

50-SG-D12 Design of the reactor containment
system in nuclear power plants

50-SG-D13 Reactor cooling systems in
nuclear power plants

50-SG-D14 Design for reactor core safety
in nuclear power plants

4. Operation

Code o f  Practice

50-C-0 Safety in nuclear power plant Published 1978
operation, including commissioning 
and decommissioning

Safety Guides

50-SG-01 Staffing of nuclear power plants Published 1979
and recruitment, training and 
authorization of operating personnel
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Safety Series Provisional title
No.

Publication date
of English version

Safety Guides (cont.)

50-SG-02 In-service inspection for nuclear
power plants

50-SG-03 Operational limits and conditions
for nuclear power plants

50-SG-04 Commissioning procedures for
nuclear power plants

50-SG-05 Radiological protection during
operation of nuclear power plants

50-SG-06 Preparedness of the operating
organization for emergencies at 
nuclear power plants

50-SG-07 Maintenance of nuclear power plants
50-SG-08 Surveillance of items important to

safety in nuclear power plants
50-SG-09 Management of nuclear power

plants for safe operation
50-SG-010 Core management, fuel handling

and associated services for 
nuclear power plants

50-SG-011 Operational management of
radioactive effluents and wastes 
arising in nuclear power plants

5. Quality assurance

Code o f  Practice

50-C-QA Quality assurance for safety
in nuclear power plants

Published 1980 

Published 1979 

Published 1980

Published 1978
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Safety Series Provisional title
No.

Publication date
of English version

Safety Guides 
50-SG-QA 1

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

Preparation of the quality assurance 
programme for nuclear power plants
Quality assurance records system for 
nuclear power plants
Quality assurance in the procurement 
of items and services for nuclear 
power plants
Quality assurance during site 
construction of nuclear power plants
Quality assurance during operation of 
nuclear power plants
Quality assurance in the design of 
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 1981 

Published 1980
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