
4

safetyseries
no50-SG-08

• -
IAEA SAFETY GUIDES

Surveillance of Items 
Important to Safety 
in Nuclear Power Plants

A Safety Guide

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



CATEGORIES OF IAEA SAFETY SERIES

From Safety Series No. 46 onwards the various publications in the series are
divided into four categories, as follows:

(1) IAEA Safety Standards. Publications in this category comprise the Agency’s 
safety standards as defined in “The Agency’s Safety Standards and Measures”, 
approved by the Agency’s Board of Governors on 25 February 1976 and set 
forth in IAEA document INFCIRC/18/Rev. 1. They are issued under the 
authority of the Board of Governors, and are mandatory for the Agency’s 
own operations and for Agency-assisted operations. Such standards 
comprise the Agency’s basic safety standards, the Agency’s specialized 
regulations and the Agency’s codes of practice. The covers are distinguished 
by the wide red band on the lower half.

(2) IAEA Safety Guides. As stated in IAEA document INFCIRC/18/Rev. 1, 
referred to above, IAEA Safety Guides supplement IAEA Safety Standards 
and recommend a procedure or procedures that might be followed in 
implementing them. They are issued under the authority o f the Director 
General of the Agency. The covers are distinguished by the wide green band 
on the lower half.

(3) Recommendations. Publications in this category, containing general 
recommendations on safety practices, are issued under the authority of 
the Director General of the Agency. The covers are distinguished by the 
wide brown band on the lower half.

(4) Procedures and Data. Publications in this category contain information on 
procedures, techniques and criteria pertaining to safety matters. They are 
issued under the authority of the Director General of the Agency. The 
covers are distinguished by the wide blue band on the lower half.

Note: The covers o f  publications brought out within the framework o f  the 
NUSS (Nuclear Safety Standards) Programme are distinguished by the wide 
yellow band on the upper half.

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



SURVEILLANCE OF ITEMS 
IMPORTANT TO SAFETY  

IN NUCLEAR POWER PLANTS

A Safety Guide

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



The following States are Members of the International Atomic Energy Agency:

AFGHANISTAN HOLY SEE PHILIPPINES
ALBANIA HUNGARY POLAND
ALGERIA ICELAND PORTUGAL
ARGENTINA INDIA QATAR
AUSTRALIA INDONESIA ROMANIA
AUSTRIA IRAN ISLAMIC REPUBLIC SAUDI ARABIA
BANGLADESH IRAQ SENEGAL
BELGIUM IRELAND SIERRA LEONE
BOLIVIA ISRAEL SINGAPORE
BRAZIL ITALY SOUTH AFRICA
BULGARIA IVORY COAST SPAIN
BURMA JAMAICA SRI LANKA
BYELORUSSIAN SOVIET JAPAN SUDAN

SOCIALIST REPUBLIC JORDAN SWEDEN
CANADA KENYA SWITZERLAND
CHILE KOREA, REPUBLIC OF SYRIAN ARAB REPUBLIC
COLOMBIA KUWAIT THAILAND
COSTA RICA LEBANON TUNISIA
CUBA LIBERIA TURKEY
CYPRUS LIBYAN ARAB JAMAHIRIYA UGANDA
CZECHOSLOVAKIA LIECHTENSTEIN UKRAINIAN SOVIET SOCIALIST
DEMOCRATIC KAMPUCHEA LUXEMBOURG REPUBLIC
DEMOCRATIC PEOPLE’S MADAGASCAR UNION OF SOVIET SOCIALIST

REPUBLIC OF KOREA MALAYSIA REPUBLICS
DENMARK MALI UNITED ARAB EMIRATES
DOMINICAN REPUBLIC MAURITIUS UNITED KINGDOM OF GREAT
ECUADOR MEXICO BRITAIN AND NORTHERN
EGYPT MONACO IRELAND
EL SALVADOR MONGOLIA UNITED REPUBLIC OF
ETHIOPIA MOROCCO CAMEROON
FINLAND NETHERLANDS UNITED REPUBLIC OF
FRANCE NEW ZEALAND TANZANIA
GABON NICARAGUA UNITED STATES OF AMERICA
GERMAN DEMOCRATIC REPUBLIC NIGER URUGUAY
GERMANY, FEDERAL REPUBLIC OF NIGERIA VENEZUELA
GHANA NORWAY VIET NAM
GREECE PAKISTAN YUGOSLAVIA
GUATEMALA PANAMA ZAIRE
HAITI PARAGUAY

PERU
ZAMBIA

The Agency’s Statute was approved on 23 October 1956 by the Conference on the Statute of the 
IAEA held at United Nations Headquarters, New York; it entered into force on 29 July 1957. The 
Headquarters of the Agency are situated in Vienna. Its principal objective is “to accelerate and enlarge the 
contribution of atomic energy to peace, health and prosperity throughout the world”.

© IAEA, 1982

Permission to reproduce or translate the information contained in this publication may be obtained 
by writing to the International Atomic Energy Agency, Wagramerstrasse 5, P.O. Box 100, A-1400 Vienna, 
Austria.

Printed by the IAEA in Austria 
December 1982

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



SAFETY SERIES No. 50-SG-08

SURVEILLANCE OF ITEMS 
IMPORTANT TO SAFETY 

IN NUCLEAR POWER PLANTS

A Safety Guide

INTERNATIONAL ATOMIC ENERGY AGENCY 
VIENNA, 1982

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



THIS SAFETY GUIDE IS ALSO PUBLISHED IN 
FRENCH, RUSSIAN AND SPANISH

SURVEILLANCE OF ITEMS IMPORTANT TO SAFETY 
IN NUCLEAR POWER PLANTS: A SAFETY GUIDE 

IAEA, VIENNA, 1982 
STI/PUB/640 

ISBN 9 2 - 0 - 1 2 3 2 8 2 - 9

This publication is no longer valid 
Please see http://www-ns.iaea.org/standards/



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. O f 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 
im portant 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 im portance o f this aspect o f nuclear 
power and wishing to  ensure the continuation o f 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 o f Codes o f 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 
tha t 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 o f 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 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. Mofeover, 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 of the NUSS programme are referred to in the 
text of the present Safety Guide:

Safety Series No. 50-SG-D1 
Safety Series No. 50-SG-D3 
Safety Series No. 50-SG-D7 
Safety Series No. 50-C-0 
Safety Series No. 50-SG-02 
Safety Series No. 50-SG-03 
Safety Series No. 50-SG-04 
Safety Series No. 50-SG-07 
Safety Series No. 50-SG-010 
Safety Series No. 50-C-QA 
Safety Series No. 50-SG-QA5

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

1.1. General

1.1.1. This Safety Guide provides guidance and recom m endations on surveillance 
activities to  ensure that structures, systems and com ponents im portant to  safety 
are available to  perform their functions in accordance w ith design in tent and 
assumptions. The Guide was prepared as part o f the IAEA’s programme, referred 
to  as the NUSS Programme, for establishing Codes o f Practice and Safety Guides 
relating to  nuclear power plants. (A provisional list o f NUSS Programme titles 
will be found at the end o f this publication.) The Guide supplements the Code 
o f Practice on Safety in Nuclear Power Plant Operation, including Commissioning 
and Decommissioning, IAEA Safety Series No. 50-C-0 (1978).

1.1.2. Surveillance includes planned activities carried out to  verify that the plant 
is operated w ithin the prescribed operational limits and conditions, and to  detect 
in time any deterioration of structures, systems and com ponents that could result 
in an unsafe condition. These activities can be classified as:

(1) Monitoring plant param eters and system status
(2) Checking and calibrating instrum entation
(3) Testing and inspecting structures, systems and com ponents
(4) Evaluating the results o f items (1) to  (3).

1.2. Scope

1.2.1. Apart from  the exceptions noted below, all the activities m entioned in 
Section 1.1.2 are covered in this Guide. Collectively, such activities are referred 
to  as the surveillance programme.

1.2.2. Also covered are requirem ents and recom m endations defining the basis 
and extent o f the surveillance programme, and the administrative and technical 
aspects o f  its development and im plem entation.

1.2.3. Because surveillance o f plant items is required as soon as they become 
operational, the surveillance activities described here may overlap the commission
ing activities covered in the Safety Guide on Commissioning Procedures for 
Nuclear Power Plants, IAEA Safety Series No. 50-SG-04.

1.2.4. In-service inspection and preventive m aintenance are necessary 
complements to  a surveillance programme. Since they are discussed in Safety

1
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Guides on In-service Inspection for Nuclear Power Plants, Safety Series No.50-SG-02, 
and on Maintenance of Nuclear Power Plants, Safety Series No. 50-SG-07, 
they are not covered here.

2. THE SURVEILLANCE PROGRAMME

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

2.2. The surveillance programme shall:

(1) Delineate in sufficient scope and depth the surveillance aims and 
requirements with respect to structures, systems and components 
important to safety

(2) Specify the frequency of surveillance and provide for the scheduling of 
those activities

(3) Specify standards to be applied and provide for the appropriate proce
dures to be used during the conduct and assessment of each 
surveillance activity

(4) Verify that structures, systems and components important to safety 
remain within the operational limits and conditions

(5) Specify the authority and responsibility assigned to both individuals 
and to on-site and off-site organizations involved in determining and 
carrying out surveillance activities

(6) Specify the qualifications of the personnel who perform the surveillance 
activities

(7) Indicate the points at which reviews are required
(8) Specify the requirements for records to be kept, their retention and 

retrievability
(9) Provide cross-references to other documents relevant to the 

surveillance programme.

2.3. In compliance with item (4) above, there shall be an appropriate surveillance 
requirement for each operational limit and condition (for further information 
regarding operational limits and conditions, see Safety Guide on Operational Limits 
and Conditions for Nuclear Power Plants, IAEA Safety Series No. 50-SG-03).

2
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2.4. The interfaces between the surveillance programme and other programmes 
such as the commissioning, preventive maintenance, in-service inspection, quality 
assurance, and plant operations programmes, shall be given due consideration.

2.5. Not all structures, systems and components require the same frequency and 
extent of surveillance. Quality assurance principles enable the surveillance 
requirements to be derived in a graded manner so that the extent of such require
ments is consistent with the safety function performed by the structure, system 
or component. Classification of systems as indicated in the Safety Guide on 
Safety Functions and Component Classification for BWR, PWR and PTR,
IAEA Safety Series No. 50-SG-D1, may be utilized in deciding the extent of the 
surveillance requirements.

2.6. In developing the programme components mentioned in sub-section 2.2, 
the following shall be considered:

(1) The requirements established during the safety analysis, operational 
limits and conditions and other applicable requirements of the 
Regulatory Body

(2) Results of the commissioning programme, with particular attention to 
base-line data, the ‘as-built’ state of the plant and the acceptance 
criteria

(3) The availability of items important to safety and the detection of 
deficiencies and incipient failures that might occur during operation 
or prior to returning items to service after maintenance, repair or 
modifications.

2.7. The surveillance programme shall be developed by the Operating Organization 
sufficiently early to permit the programme to be properly implemented as and when 
plant items become operational during the commissioning phase and, where 
appropriate, on installation. Implementation shall be scheduled so that the safety 
of the plant does not depend on untested or unmonitored structures, systems or 
components.

2.8. To meet the requirements of section 2.7, the surveillance programme should 
be developed early enough to permit:

(1) The programme and its supporting procedures to be developed, 
reviewed and approved sufficiently in advance for them to be available 
when needed

(2) The surveillance procedures to be tested to the extent practicable during 
the commissioning phase

3
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(3) Certain parameters to be recorded (during and after construction but 
prior to plant operation) for use as reference points in monitoring. 
Certain bench marks and alignment references, for example, may need 
to be permanently marked, measured and recorded to provide ‘as-built’ 
references for subsequent comparison

(4) Timely review of design features necessary to implement the surveillance 
programme.

2.9. The surveillance programme shall be reviewed periodically and be updated as 
appropriate by the Operating Organization (see also section 6.7).

3. MAJOR SURVEILLANCE REQUIREMENTS

3.1. General

3.1.1. The surveillance programme shall cover all structures, systems and compo
nents important to safety, including the auxiliary systems essential for the 
performance of these items. The scope of the programme should be broad enough 
to provide a basis for assuring that all systems operate within applicable operational 
limits and conditions (see Safety Guide on Operational Limits and Conditions for 
Nuclear Power Plants, IAEA Safety Series No. 50-SG-03, para.3.5). Particular 
attention shall be given to:

(1) The integrity of barriers between the radioactive products and the 
environment (e.g. fuel cladding, primary pressure boundary and 
containment)

(2) The availability of safety systems, i.e. the protection system, the safety 
actuation systems, and the safety system support features (see Safety 
Guide on Protection Systems and Related Features in Nuclear Power 
Plants, IAEA Safety Series No. 50-SG-D3)

(3) The availability of other items that could adversely affect safety if they 
malfunctioned.

3.1.2. A typical list of parameters, structures, systems and components that 
may be included in the surveillance programme and the type of surveillance that 
may be appropriate is provided in Annex I.

3.2. Integrity of barriers

3.2.1. Surveillance measures necessary to verify fuel cladding integrity include, 
but are not necessarily limited to:

4
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(1) Inspection of new fuel, core components and associated items such as 
flow-restricting devices and locating devices in accordance with an 
agreed schedule prior to loading into the core. This inspection, as 
detailed in the Safety Guide on Core Management, Fuel Handling and 
Associated Services for Nuclear Power Plants, IAEA Safety Series 
No. 50-SG-010, may include visual, metrological and more 
sophisticated methods (such as helium tests)

(2) Monitoring thermal and hydraulic conditions such as flows, tempera
ture, pressure, gross and local power, to ensure adherence to 
operational limits and conditions

(3) Monitoring of the reactor coolant radioactivity and chemical compo
sition (e.g. by sample analysis)

(4) Appropriate inspection of irradiated fuel before re-use, storage or 
transportation (e.g. by visual inspection or leak tests)

(5) Monitoring the radioactivity and chemistry of water or gas in the 
irradiated fuel storage facilities.

3.2.2. Surveillance measures necessary to verify the integrity of the primary 
reactor coolant pressure boundary include, but are not necessarily limited to:

(1) Leak-rate measurements — for example on make-up or waste collection 
(a steady-state condition is generally required for such measurements 
to eliminate transient effects)

(2) Inspection and pressure tests on the primary pressure boundary 
(see Safety Guide on In-service Inspection for Nuclear Power Plants, 
IAEA Safety Series No. 50-SG-02, for further details)

(3) Recording system transients and comparing them with the assumptions 
made in the safety report, where appropriate

(4) Testing the operability and tightness of closure devices that are part 
of the boundaries

(5) Monitoring leak-detection systems (process and area radiation instru
ments, temperature detectors, acoustic detection equipment etc.)

(6) Monitoring to assure that nil-ductility transition-temperature considera
tions are satisfied

(7) Monitoring the chemical quality of the primary and secondary reactor 
coolants.

3.2.3. Surveillance measures necessary to verify containment integrity include, 
but are not necessarily limited to:

(1) Leak-rate tests performed on the containment
(2) Tests of penetration seals and closure devices such as air locks that are 

part of the boundaries, to demonstrate their leak-tightness and, 
where appropriate, their operability
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(3) Structural integrity inspections (e.g. those performed on liner and 
pre-stressing tendons)

(4) Monitoring conditions within the containment such as temperatures, 
pressures and atmospheric composition.

3.2.4. The surveillance programme shall include tightness checks, leak tests of 
all other systems and components designed to contain radioactive materials, or 
continuous testing as appropriate.

3.2.5. The surveillance programme shall include periodic tightness checks and/or 
leak tests of all systems, parts of which are outside the containment and which 
could contain highly radioactive liquids or gases following an accident. Examples 
of these systems are:

(1) Residual heat removal systems
(2) Safety injection systems
(3) Containment spray systems
(4) Chemical and volume control system
(5) Radioactive fluid waste treatment system
(6) Core spray system (BWR).

3.3. Safety systems

3.3.1. The surveillance shall cover systems and components provided to shut down 
the reactor, to ensure that design limits are not exceeded either under anticipated 
operational occurrences or during initial operation of systems required to 
mitigate the consequences of accident conditions. The latter includes:

(1) Protection of primary systems against unacceptable pressure surges 
(steam dumping, safety and relief valve actuation, etc.)

(2) Actuation of safety actuation systems as intended.

The surveillance shall demonstrate the availability of the protection system, 
including all redundant parts, verify the set points at which actuations occur, and 
the acceptability of all response times.

3.3.2. All structures, systems and components with functions that mitigate the 
consequences of accident conditions shall be subjected to periodic surveillance 
to demonstrate their availability to the fullest extent practicable and to detect any 
degradation of their performance. These functions include, but are not 
necessarily limited to:

(1) Emergency core cooling and systems for heat transport to the ultimate 
heat sink

(2) Containment isolation
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(3) Containment cooldown and pressure limitation
(4) Control of radioactive effluent discharges resulting from accident 

conditions
(5) Control of combustible gases within the containment, where applicable.

3.3.3. The availability of safety system support features (see Safety Guides on 
Protection System and Related Features in Nuclear Power Plants, IAEA Safety 
Series No. 50-SG-D3, and on Emergency Power Systems at Nuclear Power Plants, 
Safety Series No. 50-SG-D7), shall be verified according to the importance of 
the system they serve.

Functions associated with structures, systems and components important to 
safety that shall be considered include, but are not necessarily limited to, the 
supply of:

(1) Emergency power
(2) Cooling water
(3) Air
(4) Cooling and lubrication.

3.4. Other items

Other items that shall be subjected to surveillance are those items that, 
should they fail, are likely to give rise to, or contribute to, unsafe or accident 
conditions. These may include:

(1) Systems relied on for shutting down and cooling the reactor under 
normal plant conditions, including control systems such as those 
provided to control reactivity, feedwater supply, reactor pressure 
and temperature

(2) Instrumentation for both operational states and accident conditions
(3) Control room habitability and access
(4) High-energy piping and associated piping restraints
(5) Structural supports (e.g. stack stay wires, pipe supports)
(6) Fire prevention, detection and fighting systems
(7) Emergency facilities and equipment
(8) Protection against internal and external events
(9) Communication systems

(10) Irradiated fuel storage facilities including clean-up systems
(11) Fuel handling equipment and facilities
(12) Radioactive waste treatment and storage facilities
(13) Plant security
(14) Turbine and generator speed control and their protection systems, 

where appropriate.
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4. SURVEILLANCE FREQUENCY AND EXTENT

4.1. Determination of surveillance frequency and extent

4.1.1. The frequency and extent of surveillance of individual structures, systems 
and components shall be determined primarily by their relative importance to 
safety (see Safety Guide on Safety Functions and Component Classification for 
BWR, PWR and PTR, IAEA Safety Series No. 50-SG-D1). The determination 
shall also take into account access limitations (see Safety Guide on In-service 
Inspection for Nuclear Power Plants, IAEA Safety Series No. 50-SG-02) and the 
need to keep radiation doses to personnel as low as reasonably achievable.

4.1.2. The surveillance frequency and extent shall be adequate to:

(1) Ensure that the plant parameters, including availability of specified 
items, continue to remain in accordance with the prescribed operational 
limits and conditions

(2) Detect incipient failures or the need for more frequent maintenance 
to ensure satisfactory functioning and availability

(3) Ensure that a defect does not develop between two successive 
surveillance actions to such an extent as to lead to accident conditions

(4) Meet the relevant requirements of the Regulatory Body, of regulations 
and of the applicable industrial codes and standards.

4.1.3. Surveillance frequencies should be determined from the following:

(1) The importance of safety and the need to meet reliability objectives, etc.
(2) Manufacturers’ recommendations and information such as results of 

type tests, endurance and cycle tests
(3) Expected mechanisms of failure, results of reliability analyses, age of 

item or system, type of component and conditions of service
(4) Experience of failure rates gained from maintenance, from experience 

in the plant and from similar plants
(5) Extent of automation of the surveillance.

4.1.4. Optimization of the surveillance frequencies may involve consideration 
of the following:

(1) The extent of redundancy of the system in relation to the need to 
remove systems or components from service for surveillance

(2) Operational constraints having a bearing on the implementation of 
surveillance activities

(3) Scheduling surveillance in conjunction with other activities such as 
planned maintenance and shut-downs or other operating cycles
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(4) Facilitating the performance of several surveillance activities during 
a shut-down

(5) Flexibility to allow surveillance to be carried out during unplanned 
shut-downs

(6) The need to do surveillance without being unduly burdensome to the 
plant organization while still assuring plant safety

(7) The need to avoid spurious reactor trips or adverse effects on 
operation

(8) The need to avoid unnecessary shortening of the operating life of a 
device or the introduction of errors by an excessive series of tests and 
operations

(9) The need to maintain personnel radiation exposures as low as 
reasonably achievable

(10) Special considerations (described in sub-section 4.2).

4.2. Special considerations

4.2.1. When using calculated reliability figures in determining surveillance 
frequency (see 4.1.3), the following limitations should be recognized:

(1) The difficulty of obtaining statistically meaningful data on fault events 
of low frequency

(2) The difficulty of conducting sufficient testing to provide conclusive 
reliability figures; in such cases, the frequency of surveillance may be 
based on the best estimates by the Operating Organization for future 
failure rates and other criteria established within this Guide

(3) The difficulty of assessing the significance of common-cause failures.

4.2.2. Where there is only limited experience on the reliability of systems or 
components, the initially adopted surveillance frequency shall be based upon 
conservative assumptions. As experience is gained, changes may be made in 
accordance with sub-section 4.3.

4.2.3. The reliability of systems and components may be adversely affected 
through experiencing an excessive number of thermal, mechanical or other cycles. 
Therefore, to reduce cycling caused by testing, the testing of components providing 
a given safety function may be suspended during any period when that particular 
safety function is not required to be available, provided the surveillance require
ments are met before a change in operational state that requires the safety function 
to be available is made.

4.2.4. The reliability of equipment and systems may be degraded by personnel- 
caused faults (e.g. calibration of redundant instruments on the same day by one
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individual may introduce similar errors and thus increase the potential for common- 
cause failure). The frequency of such faults can be reduced by varying the 
personnel or by establishing detailed procedural control.

4.2.5. Where certain redundant components of an operating system are kept on 
standby, operation of these components should be rotated in order to subject all 
components to similar operating duties and consequently to similar surveillance 
procedures and frequencies. Maintenance intervals should be adjusted to ensure 
that these components do not wear out at the same time.

4.3. Periodic re-evaluation of surveillance frequency and extent

Periodic re-evaluation of the established frequency and extent of surveillance 
shall be undertaken to establish that they are effective in maintaining the system 
or component in an operational status. Procedures shall be established for 
ensuring that these re-evaluations are carried out and any necessary changes 
approved by the appropriate authorities. For this purpose, the following should 
be considered:

(1) Performance of the system or component, particularly its failure rate
(2) Corrective action required after a failure
(3) Performance of similar systems and components in similar plants and 

environments
(4) Design changes associated with the system or component
(5) Information on failure modes causing abnormal occurrences or 

accidents.

5. IMPLEMENTATION 

OF THE SURVEILLANCE PROGRAMME

5.1. General

The surveillance programme shall be implemented so as to ensure that all 
portions of the structures, systems, or components important to safety are 
included.

In the case of the protection system, the method of surveillance shall provide, 
where practicable, for verification of the availability status of all the components 
from the input sensor to the actuated equipment, including the automatic and 
manual portions. Where this is not practicable, overlapping surveillance methods 
(on-line and off-line) shall be used. The methods shall be such that failures in 
each redundant portion or component of a system are detected.
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Where alternative control points are provided for a system or component, 
all such control points shall be included in the programme.

Surveillance shall be carried out under conditions such that the results can 
be compared with the results obtained from previous surveillance activities, 
including base-line data.

5.2. Surveillance methods

5.2.1. Monitoring

Monitoring gives an immediate indication of plant status to operating 
personnel. The parameters most significant for safe plant operation and for the 
status of systems not normally in operation, but which may be required to operate 
during an off-normal condition, shall be monitored.

Monitoring is normally done by the operating personnel either from the 
main control room or during periodic tours of the plant. This takes the form of 
noting the parameter values shown by instruments, data loggers or computer 
printouts, and by observation of plant conditions.

Monitoring may also involve sampling. Such sampling may be on-line or 
manual and may be for chemical analysis, radiochemical analysis, material 
analysis or isotopic purity analysis. Since the techniques involved in such sampling 
and analyses are specialized, such activities are generally conducted by specially 
trained personnel.

5.2.2. Functional tests

A functional test shall ensure that the tested system or component is capable 
of performing its design function. To the extent practicable, structures, systems 
and components should be tested under the conditions in which they are expected 
to operate to fulfil their intended functions. A functional test of equipment shall 
consist, as appropriate, of one or more of the following:

(1) Manual start of equipment. Test duration shall be sufficient to achieve 
stable operating conditions. Where starting a specified component is 
not practical, operation of the starting device in ‘test’ position may be 
acceptable if the component is subsequently tested at the first 
opportunity provided by plant operations

(2) Manually controlled electric operation of valves, with timing of the 
stroke, if appropriate. In cases where full stroking of the valve is not 
permissible because of operating conditions, a partial stroke test or a 
valve control system test may be acceptable, but full stroke testing 
should be done routinely during plant shut-down
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(3) Injection of a test signal of an appropriate magnitude to give a suitable 
actuation of the output or a readout, as required

(4) Initiation of the actuating device and observation of the resultant 
operation

(5) Testing automatically calculated set points to verify responses to each 
variable entering in the computation

(6) Checking the manual initiation of safety functions
(7) Testing of the status and operability of interlocks, bypasses, bypass and 

test indications, and bypass and test annunciation circuits
(8) Monitoring of the appropriate parameters during the test.

5.2.3. Instrument checks

The availability of instrument channels that give readings shall be verified 
by one or more of the following:

(1) Comparing readings on channels that monitor the same variable with 
allowance for any differences in the process variable between sensor 
locations

(2) Comparing readings between channels that monitor the same variable 
and bear a known relationship to one another

(3) Comparing readings between channels that monitor different variables 
and bear a known relationship to one another.

5.2.4. Calibration and response-time verification tests

A calibration verification test is intended to check whether a known input 
to the instrument or channel gives the required output (analogue, digital or 
bistable). In analogue channels, linearity and hysteresis may also be checked.

Response-time testing shall be required on safety systems or sub-systems 
to verify that the response times are within the specified limits.

The response-time test shall include as much of each safety system, from 
sensor input to actuated equipment, as is practicable in a single test. Where the 
entire system from sensor to actuated equipment cannot be tested as a whole, 
verification of system response time shall be accomplished by measuring the 
response times of discrete portions of the system and showing that the resultant 
of all response times is within limits of the overall system requirements.

Calibration and response time shall be verified by tests that do not require 
removal of detectors from their installed location unless such tests are not capable 
of detecting whether response-time changes are beyond acceptable limits. In such 
cases, sensors shall be removed for a special bench test if this is practicable. If it 
is not practicable, then the manufacturers’ test results may be used, provided that:
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(1) Satisfactory assurance is obtained that aging does not degrade per
formance beyond acceptable limits

(2) The manufacturers’ test results are not invalidated by the design of the 
system in which the sensor is installed

(3) The test results have been documented and the tests performed in 
accordance with quality assurance requirements of the operating 
organization’s quality assurance programme.

5.2.5. Inspections

Inspections other than those conducted as a normal part of monitoring are 
necessary complements to a surveillance programme. However, such inspections 
are not addressed in this Guide since they are discussed in the Safety Guides on 
In-service Inspection for Nuclear Power Plants, IAEA Safety Series No. 50-SG-02, 
and on Maintenance of Nuclear Power Plants, Safety Series No. 50-SG-07.

5.3. Surveillance after maintenance, repair or modification

5.3.1. Before any system or component is returned to service after maintenance 
or repair, surveillance shall be performed to ensure that the objective of the 
maintenance or repair actions has been achieved, that the limits and conditions for 
normal operation associated with that system or component are satisfied, and 
that the plant can be operated safely. This shall include the surveillance of 
connected systems and other systems in the work area that may have been 
disturbed by the repair or maintenance action.

5.3.2. Before any system or component is returned to service after a modifica
tion, the system or component shall be subjected to tests similar to those used in 
the commissioning phase, as described in the Safety Guide on Commissioning 
Procedures for Nuclear Power Plants, IAEA Safety Series No. 50-SG-04, to 
substantiate that the design intent of the modification has been complied with. 
The surveillance programme shall be re-evaluated and revised if necessary
(see 4.3(4)). When carrying out modifications on a multi-channel system, it is 
preferable to complete the work on one channel and to allow a reasonable surveil
lance period in order to ensure that the modifications are adequate and reliable 
before carrying out similar modifications on other channels. This practice will 
help avoid potential common-mode failures and possibly unnecessary plant trips.

5.3.3. After any modification of the reactor core in a manner that may affect 
the core physics parameters, a testing programme shall be conducted to verify the 
acceptability of the modified configuration. This testing programme should be 
similar in content to the initial criticality, low-power physics and power tests
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described in the Safety Guide on Commissioning Procedures for Nuclear Power 
Plants, IAEA Safety Series No. 50-SG-04; however, the scope of the tests may 
be abbreviated to confirm the values of only those parameters that may have 
been altered.

5.4. Test equipment

5.4.1. General

The Operating Organization shall ensure that all test equipment, whether 
called for in the design or otherwise required for the surveillance programme, is 
available, operable and calibrated. In so far as practical, test equipment should be 
permanently installed.

5.4.2. Control and calibration

A programme shall be established and maintained for calibration and control 
of test equipment and reference standards used in surveillance. The programme 
shall provide for prompt detection of inaccuracies, and for timely and effective 
corrective action. This programme shall include the following general requirements:

(1) Equipment identification: Test equipment and equipment used as 
calibration reference standards shall be identified to enable their 
calibration status to be verified

(2) Use o f  equipment: Before test equipment is used in a surveillance test, 
its calibration status and operability shall be verified

(3) Calibration procedures: Detailed procedures shall be provided for the 
calibration of test equipment; the accuracy of calibration shall be 
commensurate with functional requirements and, where appropriate, 
reference standards shall be used

(4) Calibration records: Records to demonstrate that established schedules 
and procedures for calibrating test equipment and reference standards 
have been followed shall be maintained for each piece of equipment. 
These records shall provide a calibration history, showing calibration 
intervals, date of last calibration, when the next calibration is due, 
conformance or non-conformance to required tolerances before and 
after adjustments, and any limitations on use. It is often desirable to 
affix a sticker directly to the test equipment, giving the date of 
previous calibration and the required date of the next one.

5.4.3. Out-of-calibration test equipment

When test equipment is found to be out of calibration, the validity of tests 
done since the last calibration date shall be evaluated. For this purpose, it is
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recommended that a history of usage for each piece of test equipment be main
tained. Test equipment found to be out of calibration shall be identified by a tag 
or other suitable means.

6. ADMINISTRATIVE ASPECTS

6.1. Responsibilities

6.1.1. Ultimate responsibility for preparing and executing an adequate 
surveillance programme rests with the Operating Organization. Plant management 
shall be responsible for adhering to the operational limits and conditions
(see Safety Guide on Operational Limits and Conditions for Nuclear Power Plants, 
IAEA Safety Series No. 50-SG-03) and therefore to the surveillance requirements 
they contain.

6.1.2. With respect to the surveillance programme, the Operating Organization 
shall assign the authority and responsibilities both within its own organizational 
structure and to other organizations, and shall specify lines of communication.
It shall ensure the timely conduct of surveillance, documentation and reporting, 
and the evaluation of results.

6.1.3. Independent verification that the surveillance programme is implemented 
in accordance with quality assurance requirements may be carried out by persons 
from either the Operating Organization, the regulatory body or the competent 
authority, or from an organization recognized by the competent authority 
according to national practice. If this verification is carried out by the Operating 
Organization, it shall be conducted by individuals who are not directly involved 
in the surveillance activities.

6.1.4. The Operating Organization shall review the design to ensure that the 
necessary provisions have been made to permit adequate surveillance of items 
important to safety. It shall also keep records of data collected and approved 
during commissioning as base-line data and as acceptance criteria for the results of 
operational surveillance. The Operating Organization shall also ensure that the 
surveillance procedures have been validated to the extent practicable during this 
period.

6.1.5. The Operating Organization shall be responsible for ensuring that the 
personnel carrying out the surveillance programme are properly trained and 
qualified for the specific area of surveillance for which they are responsible. For 
this purpose, a training programme should be established to provide on-the-job
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training; in particular, arrangements should be made for these personnel to 
participate, to the extent practicable, in the development and conduct of com
missioning test programmes and the evaluation of results. This programme should 
incorporate applicable operating experience, and provide for personnel to partici
pate in manufacturers’ schools, refresher training and other training programmes 
as considered necessary.

6.1.6. The surveillance programme shall be prepared, reviewed, approved and 
implemented in accordance with quality assurance requirements. Detailed 
guidance on these requirements is provided by the IAEA Code and Safety Guides 
on Quality Assurance.

6.1.7. The Operating Organization shall make suitable preparations for submitting 
information required by the regulatory body.

6.2. Surveillance procedures

6.2.1. Procedures shall conform to the general provisions of section 2 of the 
Safety Guide on Quality Assurance During Operation of Nuclear Power Plants, 
IAEA Safety Series No. 50-SG-QA5, dealing with procedure contents, review and 
approval, temporary procedures and procedure adherence.

6.2.2. Procedures shall be so written that only one interpretation can be made 
and that compliance is feasible. Where possible, relevant parameters shall be 
specified so that they are meaningful and directly available to personnel conducting 
the surveillance; they shall include (a) allowable tolerances for the effects of any 
associated instrument errors and (b) dynamic effects.

6.2.3. Procedures shall require that instrumentation and alarms associated with 
the system under test or calibration be checked.

6.2.4. Procedures shall state clearly the operating conditions required during the 
performance of surveillance activities. These conditions shall be such that 
surveillance does not result in the violation of operational limits and conditions.

6.2.5. Since certain surveillance activities require that systems or components 
important to safety be removed from service, it is essential that the procedures 
include both prerequisites for removal and specific directions for complete and 
proper return of these systems and components to service in order to ensure that 
the limits and conditions for normal operation are not violated.

6.2.6. Procedures for monitoring plant parameters or system status may require 
use of check lists, completion of prepared tables, or plotting of graphs.
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6.2.7. Procedures shall clearly specify acceptance criteria and the actions to be 
taken if these acceptance criteria cannot be met (see 6.1.7 and 6.5.4).

6.3. Scheduling of surveillance

6.3.1. In scheduling surveillance, the following shall be considered:

(1) Avoidance of undue interference with normal operation; in particular, 
during expected transients or at a power level where control o f the 
plant is difficult

(2) Completion o f a test or calibration during a single shift as far as practical, 
or adoption o f measures to  ensure continuity such as overlapping of 
crew members, special briefings and the use o f a log book or checklist

(3) Reduction of the risk of common-cause failure due to personnel error.
It is desirable that testing or calibrating different channels of a 
redundant system be performed by different individuals and at different 
times

(4) Availability of qualified personnel to perform specific surveillance 
tasks and to initiate and carry out corrective action, should an abnormal 
result be observed

(5) The possibility of carrying out several tests or calibrations simultaneously, 
so long as risks to the plant or interference between tests can be avoided.

(6) Provision for sufficient flexibility to accommodate specific generation 
demands that may occur during certain periods

(7) Minimization of plant transients. It is desirable to take advantage of 
planned or unplanned shut-downs, start-ups, or partial load conditions 
to undertake those tests that require these conditions or that may result 
in load reductions or plant trips

(8) Minimization of personnel radiation exposure; in particular, when 
surveillance requires entry into high-radiation zones during power 
operation.

6.3.2. Control room personnel shall be provided with the relevant list of tests to 
be performed, particularly those referred to in sub-section 6.3.1(7); they shall be 
aware of their implementation requirements and shall monitor any effect on the plant.

6.4. Administrative control of tests and calibrations

6.4.1. For purposes of administrative control, the following shall be established:

(1) Clear lines of responsibility between the persons conducting tests or 
calibrations and the person responsible for the operational control of 
the plant (e.g. shift supervisor)
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(2) A test permit to be issued by plant operating personnel to the person 
responsible for the test in accordance with plant procedures. This 
permit shall clearly delineate the boundaries of the system being tested 
and specify all safety requirements (see 6.2.5)

(3) A written procedure for the test or calibration to be carried out
(4) Adequate communication between the test personnel and the operator 

in the control room
(5) A system for cancelling test permits to ensure that the system is returned 

to operation in a correct condition after testing.

6.4.2. During a test, the operator in the control room shall be kept informed
of the status of the safety systems. Where the design has not provided an indication 
in the control room of the status of the items important to safety, an 
appropriate procedure using tagging or other devices shall be adopted.

6.4.3. When a system is in a testing or calibration condition, it shall be considered. 
as unavailable for safety purposes unless it can be demonstrated that either the 
system can be returned to a normal configuration within an acceptable time or
its ability to perform its intended safety function is not reduced in the testing 
or calibration condition.

6.5. Evaluation of surveillance results and corrective actions

6.5.1. As surveillance results are obtained, they shall be compared with the 
acceptance criteria by the person conducting the surveillance. Should the results 
fall outside of tolerances, corrective action shall be initiated. In any event, where 
deviations from acceptance criteria that may prevent adherence to limits and 
conditions for normal operation occur, the person responsible for the operational 
control of the plant (e.g. shift supervisor) shall be informed promptly.

6.5.2. Once a specific surveillance activity has been completed, the results shall 
be reviewed by a competent person other than the person who performed the 
surveillance. This review shall establish whether or not the surveillance has been 
properly completed and provide assurance that all results satisfy the approved 
acceptance criteria.

6.5.3. Surveillance results shall be examined, where appropriate, for trends 
that may indicate equipment deterioration. This can be done by reference to 
previously obtained data.

6.5.4. The surveillance programme should include appropriate actions to be 
taken for postulated deviations from the acceptance criteria, based in the first 
instance on design information and design analysis.
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As a general rule, the actions to be taken when a deviation is detected 
shall include, as appropriate:

(1) Actions by plant operating personnel, if so required, to compensate for 
the deviation and maintain operation within the limits and conditions 
for normal operation. On multi-channel systems, this may involve 
placing the failed component or channel in a fail-safe state until repairs 
and testing are completed

(2) Notification to the appropriate level of authority in the Operating 
Organization

(3) Remedial maintenance (see Safety Guide on Maintenance of Nuclear 
Power Plants, IAEA Safety Series No. 50-SG-07) to be carried out by 
plant personnel with collaboration of specialists if necessary

(4) Assessment of the safety implication of the deviation with respect to 
future operation, remedial maintenance and the surveillance programme

(5) Consultation, if necessary, with design personnel and specialists
(6) Assessment of the implications of the deviations with respect to the 

design of the system or component, computer modelling of the system, 
operator training, plant procedures, emergency measures and regulatory 
requirements

(7) Modifications to the appropriate documents, plans, drawings, etc.

6.5.5. When the remedial maintenance or modification required as a consequence 
of a deviation has been completed, surveillance of the repaired, replaced or 
modified system or component shall be conducted before its return to service, 
as described in section 5.3 of this Guide.

6.6. Audits, reviews and documentation

6.6.1. In accordance with the quality assurance requirements, the surveillance 
programme, including its procedures, schedules, surveillance frequency, results and 
reports, shall be periodically audited and reviewed to ensure that the objectives of 
the programme itself indicated in 1.1.1 are met.

6.6.2. All results of surveillance activities shall be documented and recorded. 
Arrangements shall be made for documentation to be issued and maintained in 
accordance with quality assurance requirements. The following is a list of typical 
documents related to surveillance activities:

(1) Logs and logbooks giving the readouts of safety system parameters
(2) Recorder charts and computer printouts
(3) Reports of tests, calibration and inspections; evaluation of results and 

corrective actions
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(4) Surveillance procedures '
(5) Records of completed surveillance
(6) Reports of relevant reviews and audits
(7) Checklists for system and component status.

6.6.3. These documents should be used as a basis for reviews carried out to:

(1) Demonstrate compliance with operational limits and conditions
(2) Detect trends indicating system or component deterioration.

6.6.4. Recommendations and guidance on audits, reviews and documentation 
are to be found in the Code of Practice on Quality Assurance for Safety in Nuclear 
Power Plants, IAEA Safety Series No. 50-C-QA, and associated Safety Guides.

Annex I

EXAMPLES OF PARAMETERS, SYSTEMS, STRUCTURES 
AND COMPONENTS OF DIFFERENT TYPES OF 

REACTOR PLANTS REQUIRING SURVEILLANCE

This Annex provides a typical list of parameters, structures, systems and 
components that may be included in a surveillance programme.

It is emphasized that an annex is not part of the Safety Guide, but is attached 
to provide information helpful to the user in understanding the practical applica
tion of principles recommended in the Guide.

It is to be noted that although this Annex is generally applicable to all 
four types of reactors considered, variations may exist due to particular designs 
and to requirements of various national practices.

For an understanding of the headings of the columns in Tables A1 — A4, 
reference should be made to sub-sections 5.2.1, 5.2.2, 5.2.3, 5.2.4 and 5.2.5, 
respectively.

The tables include a column indicating where inspection is normally per
formed on certain structures, systems and components as part of surveillance.
Even though this Guide does not address in-service inspection or inspections 
following maintenance (see section 5.2.5), some in-service inspections have been 
included in the ‘inspection’ column where they are considered helpful to the user.
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TABLE A 1. PRESSURIZED WATER REACTOR PLANTS
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1. Reactivity control system .

1.1. Control rods
Position indication + + +
Insertion time (scram) +. +
Insertion time (controlled) + +
Insertion limits + + +
Freedom of movement +
Sequence interlocks +
Control rod supplies + . +

1.2. Boron injection
Flow path +
Charging pumps + +
Boric acid pumps + +
Borated water volumes, temperature + +

and concentrations

1.3. Reactor power distribution
Axial and radial flux pattern determination +
Linear heat rate +
Departure from nucleate boiling +
Peaking factors +

1.4. Core
Physics parameters +
Fuel assemblies +
Core components +

2. Instrumentation

Reactor protection system '+ + +
Engineered safety feature actuation + + +

(including all inputs)
Neutron detectors + + +
Seismic + + +
Remote shut-down + + +
Post-accident monitors + + +
Data logging system + + +
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TABLE A 1 (cont.)
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3. Primary coolant system

Safety valves, relief valves + +
Isolation valves + +
Pressurizer volume level + +
Leak detection system + + +
Leak rate + + +
Chemistry and radiochemistry +
Pressure/temperature limits +
Core barrel movement +
Structural integrity (see Safety Guide, +

IAEA Safety Series No. 50-SG-02)
Main reactor coolant pumps + + +

4. Emergency core cooling system (ECCS)

Safety injection tanks + +
ECCS sub-systems (pumps, valves and + + +

flow paths)
Refuelling water storage tank ' + +
ECCS valves + + +

5. Containment

Leakage + +
Structural integrity + +
Air locks + +
Pressure and temperature +
Depressurizing and cooling systems + +
Iodine clean-up filters + +
Isolating valves + +
Atmosphere control + + +
Hydrogen control + + +
Penetration room fans and filters + +
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6. Plant systems

6.1. Main steam turbine system
Safety valves + +
Turbine overspeed protection + +
Auxiliary and emergency feedwater system + +
Condensate storage system +
Water chemistry and radiochemistry +
Main steam isolating valve + + +
Feedwater and condensate pumps + +

6.2. Steam generator pressure and temperature +

6.3. Component cooling water system + +

6.4. Service water system + +

6.5. Residual heat removal system + + 4-

6.6. Ultimate heat sink +  ■ +

6.7. Ventilation systems
Filters + +
Fans + +
Differential pressure +

6.8. Hydraulic snubbers + +

7. Normal and emergency power systems

7.1. Essential a.c. power sources
On-site generator and auxiliaries + + +
Off-site supplies +
Vital a.c. inverters/motor generator sets + +
Distribution system + + +
Distribution system protection + +

7.2. Essential d.c. power sources
Batteries + + +
Rectifier or battery chargers + + +
Distribution system + + +
Distribution system protection + +

7.3. Emergency lighting system + +
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S. Fuel handling operation

Boron concentration +
Containment penetration + +
Communication systems +
Crane and hoists + +
Refuelling machine + + +
Coolant circulation +
Reactor and irradiated fuel storage pool level +
Irradiated fuel storage pool ventilation + +

systems
New fuel transfer system + + +

9. Miscellaneous

Emergency preparedness equipment + + + +
(see Safety Guide, IAEA Safety Series
No. 50-SG-06)

Communications equipment +
Fire protection systems + + +
Test equipment +
Plant security systems + +
Failed-fuel detection system + +
Waste storage facilities + + +
Interlock systems (electrical, mechanical and + +

radiological safety)
Meteorological monitors + +
Radiation monitors and recorders + + +
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TABLE A2. BOILING WATER REACTOR PLANTS
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1. Reactivity control system

1.1. Control rods
Position indication + + +
Insertion time (scram) + +
Group insertion time (4 rods) + +
Travel time (controlled drive) + +
Freedom of movement +
Accumulators +
Drive coupling +
Housing support +

1.2. Rod programme controls
Rod worth minimizer + +
Rod sequence control +
Rod block monitor +

1.3. Standby liquid control system + +

1.4. Shut-down margin + +

1.5. Reactivity anomalies +

1.6. Core
Physics parameters +
Fuel assemblies +
Core components +

2. Reactor power distribution limits

Linear heat rate +
Peaking factors +
Minimum critical power ratio +
Axial and radial flux pattern distribution +
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3. Instrumentation

Reactor protection system + + +
Engineered safety features (including all inputs) ,+ + +
Isolation indication '  + ‘ + +
Neutron detectors + + +
Seismic 4- + +
Remote shut-down + + +
Post-accident monitors +
Data logging system + + +

4. Reactor coolant system

4.1. Recirculation system + + +

4.2. Safety valves, relief valves + +

4.3. Reactor coolant leakage
Leakage detection systems + + +
Leakage rate +

4.4. Chemistry +

4.5. Pressure/temperature +

4.6. Main steam line isolating valves + + +

4.7. Structural integrity (see Safety Guide, +
IAEA Safety Series No. 50-SG-02)

4.8. Core barrel movement +

5. Emergency core cooling system (ECCS)

High-pressure coolant injection + + +
Automatic depressurization + +
Core spray + + +
Low-pressure coolant injection + + +
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6. Containment

6.1. Primary containment
Containment integrity +
Leakage +
Air locks + +
Isolating valves + +

6.2. Depressurization and cooling systems
Drywell spray +
Suppression pool + +
Suppression pool cooling + +

6.3. Vacuum relief
Dry well/wet well vacuum breakers + +
Wetwell/reactor building vacuum breakers + +

6.4. Secondary containment
Containment integrity + +
Isolating valves + +

6.5. Containment atmosphere control
Standby gas treatm ent system + +
Atmosphere dilution + +
Hydrogen control + +
Oxygen concentration +
Gas analysers +
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7. Plant systems

7.1. Main steam turbine system
Turbine overspeed protection + +
Condensate storage system +
Water chemistry and radiochemistry +
Isolating valves + +
Feedwater and condensate system + +

7.2. Residual heat removal service water system + + +

7.3. Ventilation systems
Filters + +
Fans + +
Differential pressure +

7.4. Reactor building component cooling water systems + +

7.5. Reactor core isolation cooling system + + +

7.6. Ultimate heat sink + +

7.7. Hydraulic snubbers + +

7.8. Residual heat removal system + + +

8. Normal and emergency power systems

8.1. Essential a.c. power sources
On-site generator and auxiliaries + + +
Off-site supplies +
Vital a.c. inverters/motor generator sets + +
Distribution system + + +
Distribution system protection + +

8.2. Essential d.c. power sources
Batteries + + +
Rectifier or battery chargers + + +
Distribution system + + +
Distribution system protection + +

8.3. Emergency lighting system + +
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9. Fuel handling operation

Boron concentration +
Containment penetration + +
Communication systems +
Crane and hoists + +
Refuelling machine + + +
Coolant circulation +
Reactor and irradiated fuel storage pool level +
Irradiated fuel storage pool ventilation systems + +
New fuel transfer system + + +

10. Miscellaneous

Emergency preparedness equipment + + + +
(see Safety Guide, IAEA Safety Series
No. 50-SG-06)

Communications equipment +
Fire protection systems + + +
Test equipment +
Plant security systems + +
Failed-fuel detection system + +
Waste storage facilities + + +
Interlock systems (electrical, mechanical and + +

radiological safety)
Meteorological monitors + +
Radiation monitors and recorders + + +
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TABLE A3. PRESSURE TUBE REACTOR PLANTS
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1. Reactivity control system

1.1. Control rod, shut-off rod, adjuster rod
Position indicator + + +
Insertion time +
Freedom of movement +
Rod coolant flow, temperature + +
Logic circuit sequence +

1.2. Reactor flux
Linear neutron power rate + +
Log neutron power rate + +
Neutron overpower + +
Axial and radial flux distribution +
Emergency trip button +

1.3. Moderator dumping
Control and dump valve + + +
Moderator level +
Logic circuit +
Dumping time +

1.4. Liquid poison injection system
Temperature and volume +
Chemical analysis + +
Injection valve positions +

valve opening time + +
injection logic +

Helium gas pressure + +

2. Instrumentation
Reactor protection system + + +
Engineered safety feature actuation + + +

(including all inputs)
Neutron detectors + + +
Seismic + + +
Remote shut-down + + +
Post-accident monitors +
Control and dump valve position indication + +
Isolation indication + + +
Data logging system + + +
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3. Moderator system

System temperature, pressure, flow + +
Chemical, radiological and isotopic analysis +
System inventory, leakage detection + + +

and collection
Standby pump availability and change-over + +
Logic checks +
Spray system operation +

4. Primary coolant system

Safety valves + +
System temperature, pressure, gross flow, + +

gross differential temperature
Channel flow, differential temperature + +
System inventory, leakage detection + + +

and collection
Bleed system flow (clean-up system flow) +
Adequate number of pumps in operation +

on either side
Shut-down and maintenance cooling systems + + + +

pumps, valves, heat exchangers
Chemical, radiological and isotopic analysis +
Pressurizer pump operability + +
Structural integrity (see Safety Guide, +

IAEA Safety Series No. 50-SG-02)
Isolating valves + +

S. Emergency core cooling system (ECCS)
5.1. Heavy-water injection

Injection logic +
Injection valve operation time + +
Sensors, pressure switches + +
Calandria and fuelling machine vault drain valves +

5.2. Light-water injection
Injection logic +
Injection valve position + +
Sensor and pressure switches + + +
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6. Helium cover gas system

System pressure + +
Chemical analysis — gas purity +
Recombination units +
Position and operation of gas balance valves + + +

7. Reactor building containment atmosphere and
ventilation system

Heavy-water recovery system + +
Analysis of condensate collected +
Area temperature and differential pressure + +
Isolation damper operation and filter + + +

pressure drop
Fan operation + +
Radiological analysis of exhaust air + +
Iodine clean-up filters + +
Leakage rate + +
Air locks and penetrations +
Structural integrity +
Depressurization and cooling system + +

8. Dousing system/suppression pool system

System volume + + +
System logic, sensor, pressure switches + +
Dousing valve position + +
Dousing valve opening time + +

9. Fuel handling systems

Fuelling machine + + +
New fuel transfer system + + +
Irradiated fuel transfer system + + +
Irradiated fuel storage pool water level +

and activity
Irradiated fuel storage pool crane + +
Irradiated fuel storage pool ventilation system + +

(fans, filters, dampers)
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10. Component cooling system

10.1. End-shield cooling
System volume, flow, pressure, temperature + +
Standby pump + +
Chemistry +

10.2. Biological shield cooling
System volume, flow, pressure, temperature + +
Standby pump or fan + +
Chemistry +

10.3. Shield tank cooling system + + +

11. Failed-fuel detection system

On-line sampling flow +
Fission product detectors + +

12. Instrument and breathing air systems
System dew point and pressure + +
Area or local receiver pressure + + +
Compressors, dryers, valves + +

13. Normal and emergency power systems

13.1. Essential a.c. power sources
On-site generator and auxiliaries + + +
Off-site supplies +
Vital a.c. inverters/motor generator sets + +
Distribution system + + +
Distribution system protection + +

13.2. Essential d.c. power sources
Batteries + + +
Rectifier or battery chargers + + +
Distribution system + + +
Distribution system protection + +

13.3. Emergency lighting system + +
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14. Annulus gas system

Temperature, pressure, cooling condenser + +
Pumps, valves +

IS. Secondary coolant system

Boiler level, pressure, temperature + + +
Feedwater system, pressure, temperature + + +
Safety relief and dump valves + +
Emergency feedwater system + +
Condensate storage system +
Logic operation + + +
Water chemistry and radiochemistry +
Boiler blowdown + +
Pipe supports, hangers +
Auxiliary feedwater system + +

16. Plant systems

Service water systems — pumps, valves, pressure, + +
temperature

Turbine overspeed protection + +

17. Miscellaneous

Emergency preparedness equipment + + + +
(see Safety Guide, IAEA Safety Series
No. 50-SG-06)

Communications equipment +
Fire protection systems + + +
Test equipment +
Plant security systems + +
Failed-fuel detection system + +
Waste storage facilities + + +
Interlock systems (electrical, mechanical and + +

radiological safety)
Meteorological monitors + +
Radiation monitors and recorders + + +
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1. Reactivity control systems

1.1. Control rod
Position indication + +
Drop time, bulk and sector rods + +
Insertion limits + +
Freedom of movement +
Sequence interlocks +
Control rod supplies + + + +

1.2. Secondary shut-down units +

1.3. Emergency shut-down devices +

1.4. Boron dust injection +

1.5. Reactor power distribution
Axial and radial flux pattern +
Reactor power (heat balance) +

1.6. Nitrogen injection system + +

2. Instrumentation

Reactor protection system + + +
Neutron detectors + + +
Fuel and gas temperature + + +
Rate of change of gas pressure + + +
Gas circulator speed + + +
Gas pressure + + +
Seismic + + +
Post-accident monitoring + + +
Reactor emergency + + +
Alarm system and set points + + +
Gas baffle differential pressure (circulator + 4- +

overspeed)
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3. Reactor control systems

Automatic start-up and shut-down systems + + +
Automatic sector rod systems + + +
Automatic power control systems + + +
Data logging systems + + +
Alarm systems , + + +

4. Burst cartridge detection system

Compressors + +
Precipitators + +
Instrumentation recorders + + +

5. Reactor pressure circuit (pre-stressed concrete)

Standpipe self-lock seals +
Pre-stressing tendons + +
Steel internal liner + +
Concrete surface +
Concrete strain and temperature +
Pressure vessel cooling systems + +
Pressure vessel cooling auxiliaries +
Reactor vessel settlement (and tilt) +
Man access closures and other penetrations + +
Leak rate and leak detection system + +
Safety valves +
Reactor internal structures and components, + +

steel, graphite
Blow-down filters +

6. Iodine adsorption system

Vacuum pumps + +
Filter efficiency + +
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7. Reactor coolant system

7.1. Gas circulator systems + + +

7.2. Coolant gas
Gas chemistry and radiochemistry +
Burst-cartridge detection + +
Gas bypass and clean-up circuit + +

7.3. Gas circuit isolating valves + +

8. Plant systems

8.1. Main steam turbine system
Emergency feedwater system + + + +
Isolating valve + + +
Main and auxiliary circulating water systems + + +
Main steam generators + +
Residual heat removal systems + + + +
Pipe supports and hangers +

9. Compressed air systems

Compressed instrument, breathing air + + +

10. Normal and emergency power systems

10.1. Essential a.c. power sources
On-site generator and auxiliaries + + +-
Off-site supplies +
Vital a.c. inverters/motor generator sets + +
Distribution system + + +
Distribution system protection + +

10.2. Essential d.c. power sources
Batteries + + +
Rectifier or battery chargers + + +
Distribution system + + +
Distribution system protection + +

10.3. Emergency lighting system + +
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11. Fuel handling

Fuelling machine + + +
Crane and hoists + +
Irradiated fuel pond storage + +
Storage pond ventilation system + +
Irradiated fuel flask cranes + + +
Dry fuel storage ^ + + +
Irradiated fuel discharge route +

12. Miscellaneous

Emergency preparedness equipment + + + +
(see Safety Guide, IAEA Safety Series
No. 50-SG-06)

Communications equipment +
Fire protection systems + + +
Test equipment +
Plant security systems + +
Waste storage facilities + + +
Interlock systems (electrical, mechanical and + +

radiological safety)
Meteorological monitors + +
Radiation monitors and recorders + + +
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LIST O F  
N U SS PROGRAM M E 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 of nuclear power plants

Safety Guides

50-SG-G1 Qualifications and training of staff
of the regulatory body for nuclear 
power plants

50-SG-G2 Information to be submitted in
support of licensing applications 
for nuclear power plants

50-SG-G3 Conduct of regulatory review and
assessment during the licensing 
process for nuclear power plants

50-SG-G4 Inspection and enforcement by the
regulatory body for nuclear power 
plants

50-SG-G6 Preparedness of public authorities for
emergencies at nuclear power plants

50-SG-G8 Licences for nuclear power plants:
content, format and legal considera
tions

50-SG-G9 Regulations and guides for
nuclear power plants

Published 1978

Published 1979

Published 1979

Published 1980

Published 1980

Published 1982
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Safety Series Title
No.

Publication date
o f 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-S5

50-SG-S6

50-SG-S7

50-SG-S8

50-SG-S9

50-SG-S10A

50-SG-S10B

2. Siting

Safety in nuclear power plant siting Published 1978

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 arid 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

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 1979

Published 1979

Published 1980

Published 1980

Published 1981
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Safety Series Title
No.

Publication date
o f English version

50-SG-S11A

50-SG-S11B 

50-SG-S12

Code o f  Practice 

50-C-D

Safety Guides 

50-SG-D1

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
o f 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 Published 1982
nuclear power plants

Safety-related instrumentation 
and control systems 
for nuclear power plants

Design aspects of radiation 
protection for nuclear power 
plants

Fuel handling and storage systems 
in nuclear power plants

General design safety principles 
for nuclear power plants

Design of 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 Published 1978
operation, including commissioning 
and decommissioning

Staffing of nuclear power plants Published 1979
and the recruitment, training and 
authorization of operating personnel

In-service inspection for nuclear Published 1980
power plants
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Safety Series Title
No.

Publication date
o f English version

50-SG-03

50-SG-04

50-SG-05

50-SG-06

50-SG-07

50-SG-08

50-SG-09

50-SG-010

50-SG-011

Code o f  Practice 

50-C-QA

Safety Guides 

50-SG-QA1

Operational limits and conditions Published 1979
for nuclear power plants

Commissioning procedures for Published 1980
nuclear power plants

Radiological protection during 
operation of nuclear power plants

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

Maintenance of 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-QA10

50-SG-QA11

Quality assurance records system

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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