
f \ J < i / \ K £ A S S i z u K  
SAFETY SERIES No. 50-C-S (Rev.1)

of Nuclear Power Plants: 
Siting

A PUBLICATION
WITHIN THE NUSS PROGRAMME

C w l  INTERNATIONAL ATOMIC ENERGY AGENCY, VIENNA, 1988

This publication is no longer valid 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



CATEGORIES IN THE IAEA SAFETY SERIES

Under the new categorization scheme, the various publications in the IAEA 
Safety Series are grouped as follows:
Safety Fundamentals

Publications in this category comprise basic objectives, concepts and principles 
to ensure safety. The books have a silver cover.

Safety Standards

Publications in this category establish for particular activities or specific appli
cation areas basic requirements which in the light of experience and the current state 
of technology must be satisfied to ensure adequate safety. The books have a red 
cover.

Safety Guides

Publications in this category supplement Safety Standards by giving recom
mendations relative to the fulfilment of basic requirements and principles on the basis 
of international experience. The books have a green cover.

Safety Practices

Publications in this category provide practical examples and detailed methods 
regarding procedures and techniques which can be used for the application of Safety 
Standards or Safety Guides. The books have a blue cover.

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

There are other publications of the IAEA which also may contain information 
important to nuclear safety and radiation protection, in particular books in the 
Proceedings Series (containing papers presented at symposia and conferences), the 
Technical Reports Series (with emphasis on technological aspects) and the IAEA 
TECDOC Series (containing information usually in a preliminary form).
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FOREWORD

by the Director General

Nuclear power is well established and can be expected to become an even more 
significant part of the energy programmes of many countries, provided that its safe 
use can be ensured and be perceived to be ensured. Although accidents have 
occurred, the nuclear power industry has generally maintained a good safety record. 
However, improvements are always possible and necessary. Safety is not a static 
concept.

The International Atomic Energy Agency, recognizing the importance of the 
safety of the industry and desiring to promote an improving safety record, set up a 
programme in 1974 to give guidance to its Member States on the many aspects of 
the safety of nuclear power reactors. Under this Nuclear Safety Standards (NUSS) 
Programme, some 60 Codes and Safety Guides dealing with radiological safety were 
published in the IAEA Safety Series between 1978 and 1986. The NUSS Programme 
is so far limited to land based stationary plants with thermal neutron reactors 
designed for the production of power.

In order to take account of lessons learned since the first publication of the 
NUSS Programme was issued, it was decided in 1986 to revise and reissue the Codes 
and Safety Guides. During the original development of these publications, as well 
as during the revision process, care was taken to ensure that all Member States, in 
particular those with active nuclear power programmes, could provide their input. 
Several independent reviews took place including a final one by the Nuclear Safety 
Standards Advisory Group (NUSSAG). The revised Codes were approved by the 
Board of Governors in June 1988. In the revision process new developments in 
technology and methods of analysis have been incorporated on the basis of interna
tional consensus. It is hoped that the revised Codes will be used and that they will 
be accepted and respected by Member States as a basis for regulation of the safety 
of power reactors within the national legal and regulatory framework.

Any Member State wishing to enter into an agreement with the IAEA for its 
assistance in connection with the siting, design, construction, commissioning, 
operation or decommissioning of a nuclear power plant will be required to follow 
those parts of the Codes and Safety Guides that pertain to the activities to be covered 
by the agreement. However, it is recognized that the final decisions and legal 
responsibilities in any licensing procedures rest with the Member States.

The Codes and Safety Guides are presented in such a form as to enable a 
Member State, should it so desire, to make their contents directly applicable to
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activities under its jurisdiction. Therefore, consistent with the 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 user between strict requirements 
and desirable options, respectively.

The five Codes deal with the following topics:
— Governmental organization
— Siting
— Design
— Operation
— Quality assurance.

These five Codes establish the objectives and basic requirements that must be met 
to ensure adequate safety in the operation of nuclear power plants.

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

These publications are intended for use, as appropriate, by regulatory bodies 
and others concerned in Member States. In order to comprehend the contents of any 
of them fully, it is essential that the other relevant Codes and Safety Guides be taken 
into account. Other safety publications of the IAEA should be consulted as 
necessary.

The physical security of fissile and radioactive materials and of nuclear power 
plants as a whole is mentioned where appropriate but is not treated in detail. 
Non-radiological aspects of industrial safety and environmental protection are also 
not explicitly considered.

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

The definitions below are intended for use in the NUSS programme and may 

not necessarily conform to definitions adopted elsewhere for international use.

The relationships between the following eight definitions used in many 

NUSS publications are illustrated by the accompanying diagram.

Operational States
States defined under Normal Operation or Anticipated Operational 

Occurrences.

Normal Operation

Operation of a nuclear power plant within specified operational limits and 
conditions including shutdown, power operation, shutting down, starting, main
tenance, testing and refuelling.

Anticipated Operational Occurrences 1

All operational processes deviating from Normal Operation which are 
expected to occur once or several times during the operating life of the plant and 
which, in view of appropriate design provisions, do not cause any significant damage 
to items important to Safety nor lead to Accident Conditions.

Accident (or Accident State)
A state defined under Accident Conditions or Severe Accidents.

Accident Conditions
Deviations2 from Operational States in which the releases of radioactive 

materials are kept to acceptable limits by appropriate design features. These devia
tions do not include Severe Accidents.

1 Examples of Anticipated Operational Occurrences are loss of normal electric power 
and faults such as a turbine trip, malfunction of individual items of a normally running plant, 
failure to function of individual items of control equipment, loss of power to main coolant 
pump.

A deviation may be a major fuel failure, a loss of coolant accident (LOCA), etc.

1
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Design Basis Accidents

Accident Conditions against which the nuclear power plant is designed accord
ing to established design criteria.

Severe Accidents

Nuclear power plant states beyond Accident Conditions including those 
causing significant core degradation.

Accident Management

Accident management is the taking of a set of actions
— during the evolution of an event sequence, before the design basis of the plant 

is exceeded, or
— during Severe Accidents without core degradation, or
— after core degradation has occurred

to return the plant to a controlled safe state and to mitigate any consequences of the 
accident.

Plant states

Operational states Accidents

Normal
operation

Anticipated
operational Accident
occurrences conditions

Severe
accidents

Design . 
basis I 

accidents I

Accident management

2
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Acceptable Limits

Limits acceptable to the Regulatory Body.

Applicant
The organization that applies for formal granting of a Licence to perform 

specified activities related to the Siting, Design, Construction, Commissioning, 
Operation and Decommissioning of a nuclear power plant.

Capable Fault
A fault which has a significant potential for relative displacement at or near 

the ground surface.

Commissioning3
The process during which nuclear power plant components and systems, 

having been constructed, are made operational and verified to be in accordance with 
design assumptions and to have met the performance criteria; it includes both non
nuclear and nuclear tests.

Construction3

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

Decommissioning3

The process by which a nuclear power plant is permanently taken out of 
Operation.

Design3

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

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

3
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Design Basis External Events

The parameter values associated with, and characterizing, an external event or 
combinations of external events selected for Design of all or any part of the nuclear 
power plant.

External Zone

An area, immediately surrounding the Site, in which population distribution 
and density, and land and water uses, are considered with respect to the possibility 
of implementing emergency measures.

Nuclear Safety (or simply Safety)

The achievement of proper operating conditions, prevention of Accidents or 
mitigation of accident consequences, resulting in protection of Site Personnel, the 
public and the environment from undue radiation hazards.

Operation (see footnote 3)

All activities performed to achieve the purpose for which the nuclear power 
plant was constructed, including maintenance, refuelling, in-service inspection and 
other associated activities.

Plant Management

The members of Site Personnel who have been delegated responsibility and 
authority by the Operating Organization for directing the Operation of the nuclear 
power plant.

Prescribed Limits4

Limits established or accepted by the Regulatory Body.

Quality Assurance
All those planned and systematic actions necessary to provide adequate confi

dence that an item or service will satisfy given requirements for quality.

4 The term ‘authorized limits’ is sometimes used for this term in IAEA documents.

4

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



Region
A geographical area, sufficiently large to contain all the features related to a 

phenomenon or to the effects of a particular event.

Regulatory Body

A national authority or a system of authorities designated by a Member State, 
assisted by technical and other advisory bodies, and having the legal authority for 
conducting the licensing process, for issuing licences and thereby for regulating 
nuclear power plant Siting, Design, Construction, Commissioning, Operation and 
Decommissioning or specified aspects thereof.5

Residual Heat

The sum of the heat originating from radioactive decay and shutdown fission 
and the heat stored in reactor related structures and in heat transport media.

Safety — See Nuclear Safety

Site

The area containing the plant, defined by a boundary and under effective con
trol of the Plant Management.

Site Personnel

All persons working on the Site, either permanently or temporarily.

Siting (see footnote 3)

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

Ultimate Heat Sink

The atmosphere or a body of water or a combination of these to which residual 
heat is transferred.

5 This national authority could be either the government itself, or one or more depart
ments of the government, or a body or bodies specially vested with appropriate legal authority.

5
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Note on the interpretation of the text

When an appendix is included it is considered to be an integral part of the 
document and to have the same status as the main text of the document.

However, annexes, footnotes and bibliographies are only included to provide 
additional information or practical examples that might be helpful to the user.

In several cases phrases may use the wording ‘shall consider...’ or ‘shall... as 
far as practicable’. In these cases it is essential to give the matter in question careful 
attention, and the decision must be made in consideration of the circumstances of 
each case. However, the final decision must be rational and justifiable and its 
technical grounds must be documented.

Another special use of language is to be noted: “ ‘a’ or ‘b’ ” is used to indicate 
that either ‘a ’ or ‘b ’, but also the combination of both ‘a’ and ‘b ’, would fulfil the 
requirement. If alternatives are intended to be mutually exclusive, “ either... or... ” 
is used.

6
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1. INTRODUCTION

101. This Code provides criteria and procedures that are recommended for safety 
in nuclear power plant siting. It forms part of the Agency’s programme, referred to 
as the NUSS programme, for establishing Codes and Safety Guides relating to land 
based stationary thermal neutron power plants. The Guides listed in Section 2 of the 
List of NUSS Programme Titles, printed at the end of this publication, will be of 
assistance in implementing the present Code.
102. General criteria are presented in paras 302-315 for:
(1) Selecting proposed sites and assessing their suitability for the construction and 

operation of a nuclear power plant;
(2) Determining safety requirements related to a site;
(3) Evaluating the acceptability of a site for a particular nuclear power plant.
103. Specific criteria for each of the following three major topical subdivisions of 
the overall subject are presented in paras 316-334:
(1) Effect of the region of the site on the plant;
(2) Effect of the plant on the region;
(3) Population considerations.
104. Procedures for meeting the criteria are recommended in Sections 4 and 5. The 
procedures are presented in sufficient detail to be useful when supplemented by 
Safety Guides, but specific details of methodologies and techniques are not included.
105. The siting process for a nuclear power plant generally consists of a study and 
investigation of a large area to select one or more candidate sites (site survey),1 
followed by a detailed evaluation of those sites. This Code is primarily concerned 
with the latter stage.
106. The substance of this Code is the evaluation of those site related factors that 
shall be taken into account to ensure that the plant-site combination does not consti
tute an unacceptable risk throughout the lifetime of the plant. It should be noted that 
the evaluation of the non-radiological environmental impact of a nuclear power plant 
is not considered. This subject is dealt with in other IAEA publications. Only those 
aspects of site selection and evaluation related to radiological safety are included.
107. The safety of nuclear power plants that are located on suitable sites can be 
assured through the achievement of an adequate level of quality in design, construc
tion, commissioning, operation and decommissioning.

1 For further guidance see Safety Guide 50-SG-S9. (Note that reference to NUSS 
documents is made by quoting the Safety Series number only. The titles of the documents can 
be found in the list at the end of the book.)

7
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108. The acceptability of a site is closely related to the design of the proposed 
nuclear power plant. From the safety point of view a site is acceptable if there are 
technical solutions to site related problems which give assurance that the proposed 
plant can be built and operated with an acceptably low risk to the population of the 
region.
109. As used in this Code, the term ‘risk’ relates to the product derived from the 
multiplication of the probability of a particular event that results in the release of 
radioactive materials by the radiological consequences of this event. In concept, a 
comprehensive risk analysis includes all the sequential steps of analysing all the 
initiating events, following their respective courses, attaching probability figures and 
ending with the consequences to individuals and the population. In some Member 
States, it is an established practice to utilize parts of such risk analysis and to define 
probabilistic requirements in order to supplement the traditional deterministic analy
sis and engineering judgement.
110. This Code is mainly concerned with severe events of low probability which 
relate to the siting of nuclear power plants and have to be considered in designing 
a particular nuclear power plant. If events of lesser severity but higher probability 
make a significant contribution to the overall risk, they should also be considered 
in the design of the nuclear power plant.

2. GENERAL

Purpose and scope

201. The scope of this document encompasses site and site-plant interaction factors 
related to operational states and accident states, including those which could lead to 
emergency measures, and natural and man induced events external to the plant that 
are important to safety.
202. The purpose of the Code is to give criteria and procedures to be applied as 
appropriate to operational states and accident states, including those which could lead 
to emergency measures, for the development of basic requirements for:
(a) Defining the extent of information to be presented by the applicant for a pro

posed site;
(b) Evaluating a proposed site to ensure that the site related phenomena and 

characteristics are adequately taken into account;
(c) Analysing the population characteristics of the region and the capability of 

implementing emergency plans throughout the projected lifetime of the plant;
(d) Defining site related design bases;

8
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(e) Defining the role of the applicant for site evaluation;
(f) Defining the role of the regulatory body for site evaluation.
Underground and off-shore sites were not considered in the preparation of this Code. 

Role of the applicant

203. The applicant shall be responsible for submitting to the regulatory body an 
evaluation of the site sufficient to demonstrate that the proposed nuclear power plant 
can be built and safely operated on that site for the projected lifetime of the plant. 
The evaluation shall be based on the criteria and requirements of this Code, together 
with such additional or alternative criteria and requirements as the regulatory body 
may prescribe.

Role of the regulatory body

204. The regulatory body is responsible for ensuring that an independent and 
thorough review of the site related information, including calculations and assess
ments, is performed to determine that the proposed nuclear power plant can be built 
and safely operated on the site. In cases where the siting of a nuclear power plant 
could have a significant effect in nearby countries, the regulatory body should draw 
to the attention of the appropriate authorities the need for international consultation.

3. CRITERIA

Objective

301. The main objective in siting nuclear power plants from the viewpoint of 
nuclear safety is the protection of the public and the environment against the radio
logical impact of accidental releases of radioactivity; normal radioactive releases 
from nuclear power plants have also to be considered. In the evaluation of the suita
bility of a site for a nuclear power plant, the following aspects shall be considered:
(a) Effects of external events occurring in the region of the particular site (these 

events could be of natural or man induced origin);
(b) Characteristics of the site and its environment which could influence the trans

fer of released radioactive material to man;
(c) Population density and distribution and other characteristics of the external 

zone in relation to the possibility of implementing emergency measures and the 
need to evaluate the risk to individuals and the population.

9

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



General criteria

302. Site characteristics which may affect the safety aspects of the nuclear power 
plant shall be investigated and assessed. Environmental characteristics in the region 
which may be affected by the potential radiological impact during operational states 
and accident states shall be investigated. All these characteristics shall be observed 
and monitored throughout the lifetime of the plant.
303. Proposed sites for nuclear power plants shall be examined with respect to the 
frequency and the severity of natural and external man induced events and 
phenomena that could affect the safety of the plant.
304. The foreseeable evolution of natural and man made factors in the region having 
a bearing on safety shall be evaluated for a period covering the projected life of the 
nuclear power plant. These factors, particularly population growth and distribution, 
shall be monitored throughout the life of the nuclear power plant. If necessary, 
appropriate measures shall be taken to ensure that the overall risk remains acceptably 
low.
305. The design basis external events shall be determined for the proposed combina
tion of site and nuclear power plant. All those events with which important radiologi
cal risk may be associated shall be selected for consideration and their design bases 
determined. The radiological risks associated with external events should not exceed 
the range of radiological risks associated with the accidents of internal origin.
306. Design bases for external events to be used in the design of the plant shall be 
established. For an external event (or combination of events) the choice of values 
of the parameters upon which the plant design is based should be such as to ensure 
that structures, systems and components important to safety in relation to that event 
(or combination of events) will maintain their integrity and will not suffer loss of 
function during or after the design basis event.
307. If, after thorough evaluation, it is shown that the measures proposed cannot 
be regarded as providing adequate protection against design basis external events, 
the site shall be deemed unsuitable for the location of a nuclear power plant of the 
type proposed.
308. In the derivation of the design basis for external events, consideration should 
be given to the combination of these with ambient conditions (e.g. hydrological, 
hydrogeological and meteorological conditions). Reactor operational states should 
also be considered.
309. Site related design bases should be evaluated and included in the application 
for review by the regulatory body. These design bases should be accepted by the 
regulatory body before construction of the relevant parts of the nuclear power plant 
is started. If site related design bases for which it may not be practicable to provide

10
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adequate protection are at issue, thus making the site unsuitable, these questions 
should be resolved before any construction of the plant is started.
310. The results of studies and investigations shall be documented and presented in 
sufficient detail to the regulatory body to permit an independent review.
311. In the analysis of the suitability of the site, consideration shall be given to mat
ters such as storage and transportation of new and spent fuel and radioactive wastes.
312. The potential for interaction between nuclear and non-nuclear effluents, such 
as the combination of heat or chemicals with radioactive materials in liquid effluents, 
should be considered.
313. For each proposed site the potential radiological impacts on people in the 
region during operational states and accident states, including those which could lead 
to emergency measures, shall be evaluated with due consideration of the relevant fac
tors including population distribution, eating habits, use of land and water, and the 
radiological impact of other radioactive releases in the region.
314. The total installed nuclear capacity on the site should be determined as far as 
possible at the first stages of the siting process. The suitability of a site shall be re
evaluated, as appropriate, if it is proposed to increase the installed nuclear capacity 
to a level greater than that previously accepted.
315. A quality assurance programme shall be implemented for all activities which 
may influence safety and the derivation of design basis parameters for the site. The 
quality assurance programme can be graded in accordance with the importance to 
safety of the individual siting activity.2

Criteria for design basis for external natural events
316. Proposed sites shall be adequately investigated with respect to all the charac
teristics that could affect safety in relation to design basis natural events.
317. Natural phenomena which may exist or can occur in the region of a proposed 
site shall be identified and should be classified according to the potential for effects 
they may have on the safe operation of the nuclear power plant. This classification 
should be used to identify the important natural phenomena for which design bases 
shall be derived.
318. Historical records of the occurrences and severity of those important natural 
phenomena shall be collected for the region and carefully analysed for reliability, 
accuracy and completeness.

2 For further guidance see Code 50-C-QA (Rev. 1).
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319. Appropriate methodologies shall be adopted for establishing the design basis 
natural events for important natural phenomena. The methodologies shall be justified 
as being compatible with the characteristics of the region and the current state of the 
art.
320. The size of the region to which a methodology is to be applied shall be large 
enough to include all the features and areas which could contribute to the determina
tion of the design basis natural event under consideration and to the characteristics 
of the event.
321. Important natural phenomena shall be expressed in terms which can be used 
as input for deriving the design bases for natural events for the nuclear power plant.
322. In the derivation of design basis events, site specific data shall be used, unless 
such data are unobtainable. In that case, data from other regions which are suffi
ciently relevant to the region of interest may be used in the formulation of the design 
basis event.

Criteria for design basis for external man induced events3

323. Proposed sites shall be adequately investigated with respect to all the charac
teristics that could affect safety in relation to the design basis man induced events.
324. The region shall be examined for facilities and human activities that might 
under some conditions endanger the proposed nuclear power plant. These conditions 
should be classified according to the severity of the effects they may have on safety. 
This classification should be used to identify important man induced events for which 
design basis man induced events are derived. The foreseeable significant changes in 
land use, such as expansion of existing facilities and human activities or the construc
tion of high risk installations, shall be considered.
325. Information concerning the frequency and severity of those important man 
induced events shall be collected and analysed for reliability, accuracy and 
completeness.
326. Appropriate methodologies shall be adopted for establishing the design basis 
man induced events. The methodology shall be justified as being compatible with the 
characteristics of the region and the current state of the art.
327. Each important man induced event shall be expressed in terms that can be used 
as input for deriving the design bases for these events for the nuclear power plant.
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328. In the evaluation of a site for its radiological impact on the region for opera
tional states and accident states which could lead to emergency measures, appropri
ate estimates shall be made of expected or potential releases of radioactive material, 
taking into account the design of the plant and its safety features. It is common prac
tice for the purpose of site evaluation to refer to these releases as source terms.
329. The direct and indirect pathways by which radioactive materials released from 
the nuclear power plant could reach and affect people shall be evaluated; in this 
evaluation unusual regional and site characteristics shall be taken into account, with 
special attention given to the role of the biosphere in the accumulation and transport 
of radionuclides.
330. The relationship between the site and the design for the nuclear power plant 
shall be examined to ensure that the radiological risk to the public and the environ
ment arising from releases defined by the source terms is acceptably low.
331. The design of the plant shall compensate for any otherwise unacceptable effects 
of the nuclear power plant on the region, or else the site shall be deemed unsuitable.

Criteria for defining potential effects of the nuclear power plant on the region

Criteria derived from population and emergency planning considerations

332. The proposed region shall be studied to evaluate the present and foreseeable 
future characteristics and distribution of the population of the region. Such a study 
shall include evaluation of present and future uses of land and water within the region 
and shall take into account any special characteristics which may influence the poten
tial consequences of radioactive releases to individuals and the population as a whole.
333. In relation to the characteristics and distribution of the population, the site- 
plant combination shall be such that:
(a) During operational states the radiological exposure of the population remains 

as low as is reasonably achievable and in any case is in accord with national 
requirements, taking into account international recommendations;

(b) The radiological risk to the population from accident states, including those 
which may lead to the implementation of emergency measures, is acceptably 
low and in accord with national requirements, taking into account international 
recommendations.

If, after thorough evaluation, it is shown that appropriate measures cannot be 
envisaged to meet the above requirements, the site shall be deemed unsuitable for 
the location of a nuclear power plant of the type proposed.
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334. The external zone for a proposed site shall be established with a view to the 
potential for radiological consequences to people and to the capability of implement
ing emergency plans, having due regard for any external event which may hinder 
implementation. Before construction of the plant is started, it shall be determined that 
no basic problems exist for establishing an emergency plan for the external zone 
before the plant goes into operation. For this requirement to be appropriately 
implemented:
(1) An evaluation shall be performed of the radioactive releases associated with 

accidents including severe accidents to a reasonable extent, using site specific 
paramenters as appropriate.

(2) The feasibility of the emergency plans shall be evaluated taking into account 
site related aspects such as the following:
(a) population density and distribution, distances from population centres, 

groups of population difficult to shelter or to evacuate in the event of an 
emergency (e.g. persons in hospital or prison, or nomadic groups) and 
their modifications during the projected lifetime of the plant;

(b) special geographical features, such as islands, mountainous terrains, 
rivers, capabilities of local transport and communications network;

(c) economic, industrial, agricultural, ecological and environmental features 
of the external zone and region, for a rapid assessment of the problems 
associated with fallout of radioactive materials for medium and long term 
post-accident measures.

4. EVALUATION OF DESIGN BASIS FOR 
EXTERNAL EVENTS

Floods due to precipitation and other causes4
401. The region shall be evaluated to determine the potential for flooding due to 
precipitation, high water and high tide which may affect the safety of the nuclear 
power plant. If this potential exists, then all pertinent data, including historical data, 
both meteorological and hydrological, shall be collected and critically examined.
402. A suitable meteorological and hydrological model shall be developed taking 
into consideration the limited accuracy and quantity of the data, the length of the 
historical period during which the data are accumulated, and all known past changes 
in relevant characteristics of the region. The design basis flood shall be derived from 
the model.

4 For further guidance see Safety Guides 50-SG-S10A and 50-SG-S10B.
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403. The design basis flood shall include the height of the water (including waves), 
the duration of the flood and the flow conditions.
404. At coastal and similar sites the potential for flooding by a combination of high 
tide, wind effects on bodies of water and wave actions shall be examined and a design 
basis for flood shall be derived for the site.

Water waves induced by earthquakes

405. The region shall be evaluated to determine the potential for tsunamis or seiches 
which could affect the safety of the nuclear power plant.
406. If the potential exists, historical data for tsunamis or seiches of the shore region 
in which the site is located shall be collected and critically examined from the point 
of view of reliability and relevance to the site.
407. On the basis of the available historical data for the region and by comparison 
with similar regions that have been well studied from the point of view of this 
phenomenon, the frequency of occurrence, magnitude and height of regional 
tsunamis or seiches shall be estimated and shall be used to determine design basis 
tsunamis or seiches, taking into account amplification phenomena due to the coastal 
configuration at the site.
408. The potential for tsunamis or seiches to be generated by regional off-shore seis
mic events shall be evaluated in accordance with known seismic records and seis- 
motectonic characteristics.
409. The design basis for tsunamis or for seiches includes draw-down and run-up 
resulting in possible physical effects on the site and shall be derived from the above 
information.

Floods and waves caused by failure of water control structures
410. Information concerning upstream water control structures shall be analysed to 
determine whether the nuclear power plant is able to withstand the effects resulting 
from failure of one or more upstream structures.
411. If the nuclear power plant can accommodate safely all the effects of massive 
failure of one or more of the upstream structures, then the structures need be 
examined no further.
412. If a preliminary examination of the nuclear power plant indicates that it cannot 
accommodate safely all the effects of the massive failure of the upstream structures, 
then the design basis for the nuclear power plant shall be changed to include all such 
effects; or else such upstream structures shall be analysed using methods equivalent
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to those used in deriving the design basis of the nuclear power plant to show that 
they can survive the relevant event.
413. The possibility of a storage being created as a result of temporary blockage of 
rivers upstream or downstream (e.g. by landslides or ice) so as to cause flooding and 
associated phenomena at the proposed site shall be examined.

Surface faulting5

414. If there is inadequate evidence that surface faulting has not occurred in the 
region, an investigation of this phenomenon shall be made at the site and in its 
vicinity.
415. If surface faults are detected as a result of such investigations they shall be 
examined to determine whether they have a significant potential for relative displace
ment at or near the ground surface. Faults which may influence the surface of the 
site shall be investigated before the site is deemed suitable with respect to surface 
faulting. In evaluating surface faulting the strength of the evidence should be taken 
into consideration together with the extent of the investigation and the method to be 
used.
416. The investigation of a site and its vicinity for surface faulting shall include:
(a) Examination for faulting at the site or for fault trends towards the site;
(b) Thorough evaluation of the activity of any faults detected and the history of 

their displacement by the use of appropriate and accepted techniques and 
methods;

(c) Evaluation of the size of the zone associated with the faults, including possible 
secondary surface faulting.

417. If the site is within a zone of surface faulting that has a significant potential 
for relative displacement at or near the ground surface, the site shall be deemed 
unsuitable unless a detailed analysis proves that engineering solutions are 
practicable.

Slope instability
418. The site and its vicinity shall be evaluated to determine the potential for slope 
instability (such as land and rock slides and snow avalanches) which could affect the 
safety of the nuclear power plant.

5 For further guidance see Safety Guide 50-SG-S1.
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419. If such potential exists, a detailed study shall be made which includes consider
ation of vibratory ground motion derived by the method used for establishing the 
design basis for the nuclear power plant. A margin of safety shall be applied for the 
uncertainties in the evaluation of soil and rock characteristics.
420. If such potential exists, a design basis shall be derived which considers the 
combination of slope instability effects and the design basis seismic event.

Site surface collapse, subsidence or uplift6

421. Geological maps and other appropriate information for the region shall be 
examined for the existence of natural features such as caverns, karstic formations, 
and man made features such as mines, and water or oil wells. The potential for sur
face collapse, subsidence or uplift shall be evaluated.
422. If the evaluation shows that the potential exists for surface collapse, subsidence 
or uplift which can affect the safety of the nuclear power plant, practicable engineer
ing solutions shall be provided or the site shall be deemed unsuitable.
423. If engineering solutions appear to be practicable, a detailed description of sub
surface conditions obtained through reliable methods of investigation shall be deve
loped for the derivation of a design basis.

Earthquakes7
424. The seismology and the geology of the region and the engineering geology of 
a proposed site shall be evaluated.
425. Information on historical and instrumentally recorded earthquakes which have 
occurred in the region shall be collected and documented.
426. The design basis earthquakes shall be determined from the seismotectonic 
evaluation of the region. The intensity of the maximum historical earthquake shall 
be assessed and the potential earthquakes defined.
427. A design basis vibratory ground motion for earthquakes shall be defined for 
the site taking into account the seismotectonic characteristics of the region and 
specific site conditions. This will represent the maximum potential vibratory ground 
motion where the main consideration is the protection of the public from radiological 
consequences. Another vibratory ground motion is generally specified, above which 
the plant shall be inspected to the extent necessary. These motions should be

6 For further guidance see Safety Guide 50-SG-S1.
7 For further guidance see Safety Guide 50-SG-S1.
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expressed by appropriate parameters such as envelopes of frequency response spec
tra for various damping factors, duration of shaking and time histories. As a com
plementary approach, probabilistic methods based on the seismotectonic evaluation 
may be used to derive, check and compare the design ground motion.
428. The design basis vibratory ground motion for earthquakes for structures not 
belonging to the nuclear power plant, the failure of which could potentially endanger 
the nuclear power plant and cause an unacceptable increase in the overall potential 
for radiological consequences, shall be derived using the same method adopted for 
the nuclear power plant and the effects on those structures shall be evaluated.

Soil liquefaction8
429. The potential for liquefaction of the subsurface materials of the proposed site 
shall be evaluated using the site specific ground motion.
430. The evaluation shall include the use of accepted soil investigation and analyti
cal methods with a margin of safety provided to take into account the uncertainties 
in the determination of soil characteristics and calculational methods.
431. If an unacceptable potential for soil liquefaction exists, the site shall be deemed 
unsuitable unless engineering solutions are practicable.

Tornadoes9
432. The potential of occurrence of tornadoes in the region of interest shall be evalu
ated. If tornadoes have occurred, detailed historical data shall be collected.
433. If historical data are insufficient, they should be supplemented with data from 
other regions for which tornado statistics are available and which have similar 
climatological characteristics.
434. The design basis for tornadoes shall be derived and expressed in terms such 
as rotational wind speed, translational wind speed, radius of maximum rotational 
wind speed, pressure differentials, and rate of change of pressure.
435. In the formulation of the design basis, missiles that could be associated with 
the design basis tornado shall be considered.

Tropical cyclones10
436. The potential for tropical cyclones in the region of the site shall be evaluated.

8 For further guidance see Safety Guide 50-SG-S8.
9 For further guidance see Safety Guide 50-SG-S11A.

10 For further guidance see Safety Guide 50-SG-S11B.
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437. If this evaluation shows that there is a tropical cyclone potential, related data 
shall be collected. On the basis of available data and the appropriate physical models, 
a design basis for tropical cyclones shall be developed relating to the site.
438. This design basis for tropical cyclones includes factors such as extreme wind 
speed, pressure and precipitation.
439. In the formulation of the design basis, missiles that could be associated with 
the design basis tropical cyclones shall be considered.

Other important natural phenomena and extreme conditions

440. Historical data concerning phenomena that have potential to produce adverse 
effects on the safety of the nuclear power plant such as volcanism, strong winds, sand 
storms, severe precipitation, snow, ice, hail, and subsurface freezing of subcooled 
water (frazil), shall be collected and evaluated. If the potential is confirmed, design 
bases for these events shall be derived.

Aircraft crashes11
441. The potential for aircraft crashes on the site shall be evaluated taking into 
account, to the extent practicable, future characteristics of air traffic and aircraft.
442. If the evaluation shows that there is a potential for an aircraft crash on the site 
which can affect the safety of the nuclear plant, then an evaluation of the risk shall 
be made.
443. If this study indicates that the risks are unacceptable and if no practicable solu
tions are available, then the site shall be deemed unsuitable.
444. The design basis for the event of an aircraft crash shall include impact, fire 
and explosions.

Chemical explosions12
445. Activities in the region involving the handling, processing, transporting and 
storing of chemicals having a potential for severe explosions or the production of gas 
clouds capable of deflagration or detonation shall be identified.
446. A site shall be considered unsuitable if it is in the vicinity of such activities 
which may lead to an unacceptable increase in the overall risk and for which no prac
ticable solutions are available.

11 For further guidance see Safety Guide 50-SG-S5.
12 For further guidance see Safety Guide 50-SG-S5.
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447. Design bases for chemical explosion events shall be expressed in terms of over
pressure, taking into account the effect of distance.

Site related parameters affecting long term heat removal from the core13

448. In the design of arrangements for long term heat removal from the core, site 
related parameters such as the following should be considered:
(a) Dry and wet bulb air temperatures;
(b) Available flow, minimum level, and duration of minimum level of safety 

related sources of cooling water, taking into account the potential for failure 
of water control structures.

449. Potential natural and man induced events that could cause a loss of function 
of systems required for the long term heat removal from the core, such as river 
blockage or diversion, reservoir depletion, reservoir or cooling tower blockage 
through freezing or ice formation, ship collisions, oil spills and fires, shall be identi
fied. If the probability and consequences of such events cannot be reduced to accepta
ble levels, then such events shall be allowed for in the design basis for the nuclear 
power plant.
450. If the minimum water supply required for emergency core cooling and long 
term heat removal from the core cannot be ensured under all circumstances, the site 
shall be deemed unsuitable.

Other important man induced events

451. The region (including plant related installations) shall be examined for facilities 
that store, process, transport and otherwise handle toxic, corrosive, or radioactive 
materials which, if released in normal or accident conditions, could adversely affect 
safety. This examination shall also include facilities that may produce any type of 
missiles that could affect the safety of the nuclear power plant. If the effects would 
produce an unacceptable increase in the overall risk and if engineering solutions are 
not practicable, the site shall be deemed unsuitable.

Behaviour of foundation materials14
452. The foundation material can affect safety by transmitting vibratory ground 
motion which exceeds the design limits of the plant structures or by settling or sliding 
in a way that stresses the plant structures beyond design limits. The geotechnical

13 For further guidance see Safety Guide 50-SG-S11A.
14 For further guidance see Safety Guide 50-SG-S8.
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characteristics of the subsurface materials shall be investigated and a design basis soil 
profile for the site shall be evaluated.
453. The stability of the foundation material under static and seismic loading shall 
be assessed.

5. SITE CHARACTERISTICS INFLUENCING THE EFFECTS 
OF THE NUCLEAR POWER PLANT ON THE REGION

Atmospheric dispersion of radioactive materials15
501. A meteorological description of the region shall be developed, including the 
basic meteorological parameters and phenomena such as wind speed and direction, 
air temperature, precipitation, humidity, atmospheric stability parameters, and 
prolonged inversions.
502. A programme of meteorological measurements shall be carried out at or near 
the site with instrumentation capable of measuring and recording the main meteoro
logical parameters at appropriate elevations and locations. A site evaluation shall 
consist of at least one complete year’s data, together with any other existing data that 
may be available from other sources.
503. On the basis of the data obtained from the investigation of the region, the 
atmospheric dispersion of radioactive releases shall be assessed using appropriate 
models.
504. The scope of the models shall include any unusual site and regional topo
graphic features and plant characteristics that may affect atmospheric dispersion.

Dispersion of radioactive materials through surface water16

505. A description of the surface hydrological characteristics of the region shall be 
developed, including the main characteristics of the water bodies, both natural and 
artificial, the major water control structures, the location of water intake structures 
and data on water uses in the region.
506. A programme of surface hydrology investigation and measurements shall be 
carried out to determine to the extent necessary the dilution and dispersion charac
teristics of water bodies, the reconcentration ability of sediments and biota, and the

15 For further guidance see Safety Guide 50-SG-S3.
16 For further guidance see Safety Guide 50-SG-S6.
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determination of transfer mechanisms of radionuclides in the hydrosphere and of 
exposure pathways.
507. An evaluation of the possible impact of surface water contamination on popula
tion shall be performed using the collected data and information in a suitable model.

Dispersion of radioactive materials through groundwater17

508. A description of the groundwater hydrology of the region shall be developed, 
including the main characteristics of the water bearing formations, their interaction 
with surface waters, and data on the uses of groundwater in the region.
509. A programme of hydrogeological investigations shall be carried out to permit 
the assessment, to the extent necessary, of radionuclide movement in hydrogeologi
cal units. These investigations may include the migration and retention charac
teristics of the soils, the dilution and dispersion characteristics of the aquifers, and 
physical and physico-chemical properties of underground materials which may be 
needed to determine radionuclide movement.
510. An evaluation of the possible impact of groundwater contamination on the 
population shall be performed using the collected data and information in a suitable 
model.

Population distribution18

511. The distribution of population within the region shall be determined.
512. In particular, information on existing and projected population distributions, 
including transient and resident populations, in the region of the nuclear power plant 
shall be collected, and kept up to date during the lifetime of the plant. The radius 
within which data are collected should be chosen on the basis of national practices, 
taking into account special situations. Special attention shall be given to the popula
tion in the immediate vicinity of the plant, to densely populated areas and population 
centres in the region and to special institutions such as hospitals, prisons, etc.
513. The most recent census data for the region, or information obtained by 
extrapolation of the most recent census data, shall be used to obtain the population 
distribution. In the absence of reliable data, a special study shall be carried out.
514. The data shall be analysed to give the population distribution in terms of direc
tion and distance from the plant.

17 For further guidance see Safety Guide 50-SG-S7.
18 For further guidance see Safety Guide 50-SG-S4.
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Uses of land and water in the region

515. In order to judge the effects of the proposed nuclear power plant on the region 
and particularly for preparing emergency plans, the uses of land and water shall be 
characterized. The investigations should cover:
(a) Land devoted to agricultural uses, its dimensions and the principal food 

products and yield;
(b) Land devoted to dairy farming, its size and yield;
(c) Land devoted to commercial, residential and recreational purposes, its size and 

the characteristics of its use;
(d) Bodies of water used for commercial and sport fishing, including the enumera

tion of aquatic species, their abundance and yield;
(e) Bodies of water used for commercial purposes including navigation, commu

nity water supplies or recreation;
(f) Land and bodies of water supporting wild life;
(g) Direct and indirect pathways for radioactive contamination of the food chain.
Special attention shall be given to ascertaining those characteristics important for the 
determination of food chain transport.

Ambient radioactivity
516. Before commissioning of the nuclear power plant the ambient radioactivity of 
the atmosphere, hydrosphere, lithosphere and biota shall be determined for the 
region, to permit the evaluation of the effects of the plant.
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50-SG-D4

50-SG-D5

50-SG-D6

50-SG-D7
50-SG-D8

50-SG-D9

50-SG-S5

50-SG-D10

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
Extreme meteorological events in nuclear power plant 
siting, excluding tropical cyclones
Design basis tropical cyclone for nuclear power plants

Code on the safety of nuclear power plants: Design 
Safety Guides
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
Emergency power systems at 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

1985

1984
1986 
1984 
1983

1983
1981

1984

1988

1979

1979
1980

1980

1982

1981

1982
1984

1985 

1984

1981
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50-SG-D12 Design of the reactor containment systems 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
' 50-C-0 (Rev. 1) Code on the safety of nuclear power plants: Operation 

Safety Guides

Staffing of nuclear power plants and the recruitment, 
training and authorization of operating personnel
In-service inspection for nuclear power plants
Operational limits and conditions for nuclear power 
plants
Commissioning procedures for nuclear power plants
Radiation protection during operation of nuclear 
power plants
Preparedness of the operating organization (licensee) 
for emergencies at nuclear power plants
Maintenance of nuclear power plants
Surveillance of items important to safety in nuclear 
power plants
Management of nuclear power plants for safe operation
Core management and fuel handling for nuclear 
power plants
Operational management of radioactive effluents and 
wastes arising in nuclear power plants

5. QUALITY ASSURANCE
50-C-QA (Rev. 1) Code on the safety of nuclear power plants:

Quality assurance
Safety Guides

50-SG-QA1 Establishing of the quality assurance programme for a
nuclear power plant project

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

50-SG-01

50-SG-02
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

1985

1986 
1986

1988

1979

1980
1979

1980
1983

1982

1982
1982

1984
1985

1986

1988

1986

1984
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50-SG-QA3

50-SG-QA4

50-SG-QA5 
(Rev. 1)
50-SG-QA6
50-SG-QA7
50-SG-QA8

50-SG-QA10
50-SG-QA11

50-SG-QA2 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 commissioning and 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

1979

1981

1986

1981
1983
1981

1980 
1983

1979
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SELECTION OF IAEA PUBLICATIONS RELATING 
TO THE SAFETY OF 

NUCLEAR POWER PLANTS
SAFETY SERIES

9 Basic safety standards for radiation protection:
1982 edition

46 Monitoring of airborne and liquid radioactive
releases from nuclear facilities to the environment

49 Radiological surveillance of airborne contaminants
in the working environment

52 Factors relevant to the decommissioning of land-based
nuclear reactor plants

55 Planning for off-site response to radiation
accidents in nuclear facilities

57 Generic models and parameters for assessing
the environmental transfer of radionuclides 
from routine releases: Exposures of critical groups

67 Assigning a value to transboundary radiation exposure
69 Management of radioactive wastes from nuclear

power plants
72 Principles for establishing intervention levels for the 

protection of the public in the event of a nuclear accident 
or radiological emergency (being revised)

73 Emergency preparedness exercises for nuclear 
facilities: Preparation, conduct and evaluation

77 Principles for limiting releases of radioactive
effluents into the environment

79 Design of radioactive waste management systems
at nuclear power plants

81 Derived intervention levels for application in
in controlling radiation doses to the public in the event of a 
nuclear accident or radiological emergency: Principles, 
procedures and data

84 Basic principles for occupational radiation monitoring
86 Techniques and decision making in the assessment

of off-site consequences of an accident in a nuclear facility

1978

1979

1980

1981

1982

1985
1985

1985

1985

1986 

1986

1986

1987 
1987

1982
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75-INSAG-1 Summary report on the post-accident review meeting
on the Chernobyl accident

75-INSAG-2 Radionuclide source terms from severe accidents to
nuclear power plants with light water reactors

75-INSAG-3 Basic safety principles for nuclear power plants

TECHNICAL REPORTS SERIES
155 Thermal discharges at nuclear power stations
163 Neutron irradiation embrittlement of reactor pressure

vessel steels (being revised)
189 Storage, handling and movement of fuel and

related components at nuclear power plants
198 Guide to the safe handling of radioactive wastes at

nuclear power plants
200 Manpower development for nuclear power:

A guidebook
202 Environmental effects of cooling systems
217 Guidebook on the introduction of nuclear power
224 Interaction of grid characteristics with design and

performance of nuclear power plants: A guidebook
230 Decommissioning of nuclear facilities:

Decontamination, disassembly and waste management
237 Manual on quality assurance programme auditing
239 Nuclear power plant instrumentation and control:

A guidebook
242 Qualification of nuclear power plant operations

personnel: A guidebook
249 Decontamination of nuclear facilities to permit

operation, inspection, maintenance, modification or plant 
decommissioning

262 Manual on training, qualification and certification
of quality assurance personnel

267 Methodology and technology of decommissioning 
nuclear facilities

268 Manual on maintenance of systems and components 
important to safety

1986

1987

1988

1974
1975

1979

1980 

1980

1980
1982
1983

1983

1984 
1984

1984

1985

1986 

1986 

1986
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271 Introducing nuclear power plants into electrical power
systems of limited capacity: Problems and remedial 
measures

274 Design of off-gas and air cleaning systems at nuclear
power plants

TECDOC SERIES
225 Planning for off-site response to radiation accidents

in nuclear facilities
238 Management of spent ion-exchange resins from

nuclear power plants
248 Decontamination of operational nuclear power plants
276 Management of radioactive waste from nuclear

power plants
294 International experience in the implementation of

lessons learned from the Three Mile Island accident
303 Manual on the selection of appropriate quality assurance

programmes for items and services of a nuclear power plant
308 Survey of probabilistic methods in safety and risk

assessment for nuclear power plant licensing
332 Safety aspects of station blackout at nuclear power plants
341 Developments in the preparation of operating

procedures for emergency conditions at nuclear power 
plants

348 Earthquake resistant design of nuclear facilities with
limited radioactive inventory

355 Comparison of high efficiency particulate filter testing
methods

377 Safety aspects of unplanned shutdowns and trips
379 Atmospheric dispersion models for application in

relation to radionuclide releases
387 Combining risk analysis and operating experience
390 Safety assessment of emergency electric power systems

for nuclear power plants
416 Manual on quality assurance for the survey, evaluation and

confirmation of nuclear power plant sites

1987

1980

1981

1981
1983

1983

1984

1984

1985 
1985

1985

1985

1986 
1986

1986
1986

1987

1987
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424 Identification of failure sequences sensitive to 1987
human error

425 Simulation of a loss of coolant accident 1987
443 Experience with simulator training for emergency 1987

conditions
444 Improving nuclear power plant safety through 1987

operator aids
450 Dose assessments in NPP siting 1988
451 Some practical implications of source term 1988

reassessment

PROCEEDINGS SERIES

STI/PUB/566 Current nuclear power plant safety issues 1981
STI/PUB/593 Quality assurance for nuclear power plants 1982
STI/PUB/628 Nuclear power plant control and instrumentation 1983
STI/PUB/645 Reliability of reactor pressure components 1983
STI/PUB/673 IAEA safety codes and guides (NUSS) in the light of 1985

current safety issues
STI/PUB/700 Source term evaluation for accident conditions 1986
STI/PUB/701 Emergency planning and preparedness for nuclear 1986

facilities
STI/PUB/716 Optimization of radiation protection 1986
STI/PUB/759 Safety aspects of the ageing and maintenance of 1988

nuclear power plants
STI/PUB/761 Nuclear power performance and safety 1988
STI/PUB/782 Severe accidents in nuclear power plants 1988

Nmo
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