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FOREWORD 
by the Director General

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

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

Since its inception the nuclear energy industry has maintained a safety 
record second to none. Recognizing the importance of this aspect 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 of 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 of experience to keep their contents up to date.

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

The Codes of Practice and Safety Guides are recommendations issued by the 
Agency for use by Member States in the context 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 o f a nuclear power plant will be 
required to follow those parts o f the Codes o f 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 o f 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 o f ensuring an adequate and safe supply of energy for coming 
generations, and thereby contributing to their well-being and standard o f life, is a 
matter o f concern to us all. It is hoped that the publication presented here, 
together with the others being produced under the aegis of the NUSS programme, 
will be o f use in this task.

STATEMENT 
by the Senior Advisory Group

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

A Senior Advisory Group (SAG), set up by the Director General in September 
1974 to implement the programme, selected five topics to be covered by Codes of 
Practice and drew up a provisional list of subjects for Safety Guides supporting the 
five Codes. The SAG was entrusted with the task of supervising, reviewing and 
advising on the project at all stages and approving draft documents for onward 
transmission to the Director General. One Technical Review Committee (TRC), 
composed o f experts from Member States, was created for each of the topics 
covered by the Codes of Practice.
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In accordance with the procedure outlined in the above-mentioned IAEA 
document, the Codes o f Practice and Safety Guides, which are based on docu
mentation and experience from various national systems and practices, are first 
drafted by expert worjdng groups Consisting o f two or three experts from Member 
States together with Agency staff members. They are then reviewed and revised 
by the appropriate TRC. In this undertaking use is made o f 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 o f 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 o f implementing specific parts o f the relevant Codes 
o f Practice. Methods and solutions varying from those set out in these Guides 
may be acceptable, if they provide at least comparable assurance that nuclear 
power plants can be operated without undue risk to the health and safety o f the 
general public and site personnel. Although these Codes o f Practice and Safety 
Guides establish an essential basis for safety, they may not be sufficient or 
entirely applicable. Other safety documents published by the Agency should be 
consulted as necessary.

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

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

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

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

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

NOTE

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

Safety Series No. 50-SG-G6 
Safety Series No. 50-C-S 
Safety Series No. 50-SG-S3 
Safety Series No. 50-SG-S6 
Safety Series No. 50-SG-S7 

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

Population distribution is one of several important factors to be considered 
in the siting o f nuclear power plants. The present Guide, relating population 
distribution to site selection and evaluation, forms part o f the Agency’s programme, 
referred to as the NUSS programme, for establishing Codes o f Practice and Safety 
Guides relating to land-based stationary thermal neutron power plants. It 
supplements the Code o f Practice on Safety in Nuclear Power Plant Siting (IAEA 
Safety Series No. 50-C-S).

It is common practice to select the most suitable site from an inventory of 
possible sites by means of a screening process comprising a sequence o f successive, 
converging approximations. A typical outline of this process is as follows:

Preliminary screening o f the territory o f interest by means of relatively 
simple and rough methods, aiming at the identification of possibly suitable 
or candidate sites

Selection of a proposed site or sites through a comparative assessment of 
several candidate sites, by means of more detailed methods taking into 
account specific site features

Final evaluation and licensing review o f the selected site-plant combination.

The Guide presents population distribution data requirements, examples of 
site screening methods, and an overview o f radiological impact assessment with 
respect to population distribution. However, the use o f fixed numerical values 
as generally applicable for all cases is not recommended in this Guide since the 
development o f numerical criteria may depend on reactor type and design and 
other special factors, and may thus be considered a matter o f national policy.
The minimum population data necessary for the entire siting process are 
described in section 2. It must be noted here that the population data should 
be projected throughout the lifetime of the nuclear power plant, taking into 
account the possible influence o f the presence o f the nuclear power plant on 
population growth around the site and related impacts o f planning policies.

Several methods for screening sites with respect to population distribution 
are described in section 3; the methods include simple ones that primarily 
compare only population distributions and more complex ones that include a 
more or less detailed consideration o f meteorological data and collective dose 
calculations. The possibility of using suitable methods not described in 
section 3 is not excluded.

The choice o f the most appropriate screening and comparison methods 
from the point of view o f population distribution should be based on a considera-
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tion o f the amount and quality o f data available on other relevant regional 
characteristics such as meteorology and topography, and on the nature of those 
characteristics and the quality o f the data on population distribution (e.g. whether 
or not there is a reliable national census).

For the preliminary screening, in order to identify possible sites in a region 
or a country, and then to compare those candidate sites that emerge from this 
screening, it is not necessary to have detailed information on plant type and 
safety related design features. However, for the purpose o f final evaluation of 
the acceptability o f one or more sites that are identified in the site comparison 
process, it is necessary to have basic information about the design of the proposed 
nuclear power plant, such as reactor type, power, and basic safety features. 
Therefore the method used for final evaluation o f  a population distribution 
around a proposed nuclear power plant should take into account assumptions and 
safety analyses that may pertain to the characteristics o f the proposed nuclear 
power plant. Final radiological impact evaluation should include at least some 
consideration of the probability of accidental releases o f radioactive materials 
and the radiological consequences of those releases on individuals and 
populations. Progress has been made in determining the probability of 
releases but at present it is not possible to determine the release frequency 
spectrum for various types of power reactor; moreover the capability 
for making generally applicable risk estimates does not yet exist. Until such 
capability is developed the usual practice is to evaluate the potential radiological 
impact o f certain selected accidents. The selection o f such potential accidents 
can only be based on engineering judgement, at least until the overall risk 
approach is sufficiently developed to be reliable. An overview o f radiological 
impact assessment with respect to a population distribution is given in section 4.

Countries which have developed their own nuclear power programmes 
from the beginning have, as far as has been practicable, begun by selecting sites 
in regions away from population centres and with low population densities. As 
experience was acquired and with technological progress, some o f these countries 
were able to justify the choice of sites away from population centres but with 
higher population densities. Member States embarking on a nuclear power 
programme may consider it prudent to give the greatest preference to sites 
with a low population density in the region.

2. DATA REQUIREMENTS

The required data, their type and comprehensiveness, will depend on the 
method o f population evaluation used, as outlined in sections 3 and 4. This 
section enumerates the different types of data required and procedures for 
data collection, processing and presentation.

2
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2.1. Population data

Population distribution data for the region around a nuclear power plant 
site are needed for the following purposes:

(a) Site screening and selection
(b) Evaluation o f the potential radiological impact of normal and 

accidental releases
(c) Planning of emergency measures.

For the purpose of site screening only summary population data are required, 
while for site selection and evaluation o f the radiological impact detailed census 
data are required. Additional data in the external zone are required for emergency 
planning with special emphasis to be placed on the growth pattern.

For sites in border regions o f a country efforts should be made to obtain 
population data from the region o f the neighbouring country.

2.1.1. Current population

Current population includes the permanent and temporary populations.
Data on current population in the external zone shall be collected. These data 
should be as accurate as possible and should be obtained from local authorities 
o f villages, communities, etc., or from special field surveys.

Data shall also be collected in the rest o f the region surrounding the plant 
outside the external zone up to a distance determined by national practice. The 
data collected should include the number of people normally within the area 
together with information on the location of houses, hospitals, other institutions 
and recreational facilities such as caravan parks and marinas. Field survey data 
for current population in the area outside the external zone are not essential.
Data from the most recent census or from an extrapolation o f the last census 
data are usually adequate.

2.1.1.1. Permanent population

Information on the distribution of the permanent population shall be 
obtained for the region surrounding the plant with the appropriate degrees of 
detail as indicated in sub-section 2.1.1; where feasible, this should also include 
general information on such matters as occupations, places of work, means of 
communication, and dietary habits. Information on permanent population in 
the region should specify the type o f community e.g. whether rural or urban, and 
if urban, whether part o f a major city or town, or associated with facilities such 
as major industries.

3
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2.1.1.2. Temporary population

Detailed information shall be obtained on temporary population, namely:
(a) short-term transient population, such as tourists
(b) long-term transient population, such as seasonal inhabitants, students. 
This information shall be collected for the external zone and should

include the estimated maximum population together with data on their periods 
o f residence. Information on special types of institutions, such as schools, 
hospitals, prisons, and military installations within the external zone are also 
required for the purposes o f site selection and particularly for emergency 
planning (see the Safety Guide on Preparedness of Public Authorities for 
Emergencies at Nuclear Power Plants, IAEA Safety Series No. 50-SG-G6).

In the area outside the external zone approximate values of temporary 
population together with periods of occupancy will be adequate.

2.1.2. Projected population

A projection o f population in the region for the plant lifetime shall be made. 
This should be done for:

(a) the expected year of plant commissioning
(b) selected years (e.g. every tenth year) during the expected plant lifetime. 
Projections should be based on population growth rate, migration trends,

and plans o f probable development in the region [1 ].
The population figures for all categories mentioned in sub-section 2.1.1 

should be separately extrapolated to the extent possible on the basis of data 
available.

A very important part of predicting population growth is knowledge o f the 
growth pattern o f development in the external zone and of possible changes in 
the pattern during the plant lifetime.

2.2. Other information

The following additional data may be necessary in general; however, not 
all the information outlined in this sub-section may be required for some of the 
site screening methods discussed in section 3.

2.2.1. Meteorological data

The types and methods of collection of meteorological data at different 
stages are covered in the Safety Guide on Atmospheric Dispersion in Relation to 
Nuclear Power Plant Siting, IAEA Safety Series No. 50-SG-S3. Appropriate 
information is required for site screening and evaluation of individual and
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collective doses under operational states and accident conditions, and also for 
planning emergency measures.

2.2.2. Hydrological/geohydrological data

For the types and methods o f collection of hydrological/geohydrological 
data, reference may be made to the Safety Guides dealing with hydrology and 
geohydrology, IAEA Safety Series Nos 50-SG-S6 and 50-SG-S7 respectively.
This information is useful for evaluating radiological impact under operational 
states and accident conditions and also for planning emergency measures.

2.2.3. Additional data

Additional data on the external zone shall be collected for assessing the 
capability o f implementing emergency measures. Such data are also used in 
some population site screening methods. They should include:

(a) Special topographical features, such as islands, mountainous terrains, 
rivers

(b) Capabilities o f local transport and communications network
(c) Information on any groups o f population difficult to evacuate in case 

o f emergency, e.g. persons in hospital or prison, or nomadic groups.

2.3. Data format

Population data collected should be classified into the two groups already 
mentioned, namely (a) permanent population, (b) temporary population.

The data collected should be processed to obtain population figures for 
the above categories in the concentric rings formed by circles centered on the 
site, and in the segments of those rings formed by sectorial radii. The data should be 
presented either in tabular form or on a diagram formed by concentric circles 
and radial segments with the site as origin. The same format of presentation 
should be used for the two categories.

2.3.1. Concentric rings

It is convenient to have the radii o f the successive concentric circles 
increase approximately in a geometric progression. This is justified on the basis 
of the reduction o f dose with distance. Therefore, close to the site, especially 
in the external zone, the radial distance between consecutive circles should be 
small (e.g. 1 or 2 km), whereas outside this zone larger intervals (e.g. 5,10,
2 0 ,.........km) could be taken.

5
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The radius within which population data are collected shall be chosen on 
the basis o f national practice. This radius may need to take into account special 
features such as the locations o f population centres.

2.3.2. Sectors

The atmosphere is usually the most important pathway for the transport of 
radioactive material released to the environment from nuclear power plants. 
Therefore, for screening the sites on the basis o f population distribution and 
meteorological data, the sectors used for presentation of population data should 
be the same as those used for meteorological data (see the Safety Guide on 
Atmospheric Dispersion in Relation to Nuclear Power Plant Siting, IAEA 
Safety Series No. 50-SG-S3). Different values are used in different countries, 
e.g. 20°, 22.5°, 30°.

3. TERRITORY SCREENING AND 
PRELIMINARY SITE SELECTION METHODS

3.1. General

The safety evaluation of a site is a long and complex process. However, 
some o f these complexities can often be avoided in the preliminary site screening 
stage because relatively few features of sites need be considered. This section 
examines some examples o f site screening from the viewpoint of population 
distribution and some evaluation methods used in various countries. Furthermore, 
the features o f the methods are compared and some guidance for choosing the 
most appropriate method is given.

These methods were conceived for comparing sites but may also be used for 
a direct preliminary judgement o f site suitability (from the viewpoint o f population 
distribution) by making comparisons with reference sites or with sites already 
approved in regions o f similar characteristics. Certain aspects of emergency 
planning may be important in site screening, e.g. communications or transportation 
(see the Safety Guide on Preparedness o f Public Authorities for Emergencies at 
Nuclear Power Plants, IAEA Safety Series No. 50-SG-G6).

It is recommended that at later stages further verifications o f site suitability 
be made, taking into consideration the type of nuclear power plant, safety 
features, and detailed site data, using procedures such as those outlined in 
section 4 of this Guide.

The methods described in this Guide utilize in different ways one or more 
o f three key features o f a site: (a) land use pattern and restrictions, (b) population
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distribution, and (c) meteorological and topographical characteristics. The 
methods could also be classified into two groups according to their degree of 
detail and with reference to specific site features. The first group (sub-sections
3.2, 3.3, 3.5, 3.6) includes those methods whose application primarily requires 
only population distribution data and which therefore are most suitable for 
the first screening o f a territory for the identification o f suitable or 
candidate sites. On the other hand, the second group (sub-sections 3.4, 3.7, 3.8) 
includes those methods which require in their application a more or less detailed 
consideration of specific site features (such as meteorology and topography) in 
addition to the population distribution; these methods are more appropriate 
for the comparative assessment o f several candidate sites when aiming to select 
the best ones from the viewpoint o f population distribution and the associated 
potential radiological impact. Examples o f methods in common usage are 
described in the remainder of this section. The order of listing o f these methods 
corresponds closely to the increasing degree of their analytical detail and to the 
complexity o f the data base required. The main features of each method are 
briefly pointed out as a help in choosing the method to be used.

Annex I gives a statistical analysis of a large sample o f world reactors with 
their corresponding population distributions, and Annex II gives further details 
o f each method described.

3.2. Fixed-area method

The fixed-area method is applicable in areas o f relatively low population 
where one or more zones of restricted population may be established around 
the site.

The basic hypothesis o f this method is that the plant is to be surrounded by 
a zone o f fixed size in which resident population is not allowed. Outside this zone 
another zone o f low population is frequently specified, in which the growth of 
population and industries is projected to be limited or is to be explicitly controlled. 
Furthermore, it may be specified that no population centre greater than a certain 
size is to be permitted within a certain distance from the site. (See Annex II. 1 for 
numerical examples).

The method then consists in searching for sites that satisfy the hypothesized 
population requirements. This method depends for its effectiveness on the 
existence of available sparsely-populated lands and/or close control o f land 
development.

Specific features of the method are:

(a) This is an uncomplicated method that requires only the identification 
of a location having the hypothesized characteristics
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(b) It may be difficult or too expensive to provide a zone o f no resident 
population; problems may arise in controlling land use

(c) The method does not take into account the detailed atmospheric 
dispersion characteristics o f the site.

(d) The choice of radial limit is somewhat arbitrary.

3.3. Cumulative population curve method

The rationale for the cumulative population curve method is to compare the 
curve describing total population within each given site-concentric ring and sector 
o f appropriate angular width with a reference cumulative population curve.

For each site under examination the total integrated population is plotted 
as a function o f distance from the plant. Analogous curves are plotted for the 
integrated population in selected sectors o f appropriate angular width around 
the plant, to identify the curve pertinent to the most densely populated sector.

A similar set o f both total and sectorial curves is defined on the basis o f a 
standardized reference population distribution. The choice o f this total and 
sectorial reference population distribution as a function o f distance is based on 
national policy; in some cases the reference curves have been related to the 
average situation around a representative number o f sites already approved in 
the same region or in reasonably similar regions. Examples of the kinds o f curves 
drawn can be seen in Refs [2] and [3].

The curves for the total integrated population and for the most densely 
populated sector are compared with the reference curves to judge compatibility. 
If the calculated curves fall below the reference curves everywhere, the site is 
judged suitable; if they intersect, further analysis will be needed.

Specific features o f the method are:

(a) The method is very simple and straightforward to apply if the 
reference curves are available

(b) Only population distribution data are needed

(c) The determination o f the reference curves may be quite difficult

(d) The results of the comparison may be difficult to interpret if the 
reference curves and the curves under examination intersect

(e) The choice o f the most densely populated sector may present 
difficulties if the sectorial curves intersect
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(f) The choice o f the radial limit is somewhat arbitrary

(g) The method does not take into account the atmospheric dispersion 
characteristics o f the site.

3.4. Population density method

The population density method consists o f a comparison between the 
population in a determined area around the proposed site and a reference popula
tion density (e.g. the average national population density).

The analysis classifies zones around a site into various categories ranging 
from a most preferred to a least preferred category from the population view
point. The classification takes into account the following aspects o f nuclear 
power plant sites:

The number of inhabitants in the concentric rings around the site, particularly 
in the near range

The number of inhabitants in specific sectors around the site, particularly 
sectors lying downwind from the main wind direction

Schools, hospitals, prisons, or other large community institutions in the 
proximity of the site

Traffic and other communication infrastructures for the implementation 
o f emergency measures.

The calculations compare the population values in concentric rings and 
sectors against reference values. These reference values may be chosen on the 
basis of regional or national population densities. The comparisons require 
that the measured populations be less than some fraction of the reference 
population values; determination o f the value o f the fractions is a matter of 
national policy. (Examples o f categories are given in Annex II.2).

To make the evaluation, the area around the site is first divided into a set 
of concentric rings extending out to a certain preset radial limit. The actual 
population in each ring is then compared to the population in a similar ring 
having the reference density. The area is then further subdivided by radii into 
annular segments and a similar sectorial comparison is made, using the most 
densely populated sector for the evaluation. Assignment to categories o f 
preference may also be affected by main-wind direction or transportation 
capabilities for emergency planning (see Annex II.2). Detailed site meteorological 
data are not necessary. Only main wind directions are used.
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If the site is better than the standard in some categories but not in others, 
the final evaluation is made in terms of the following priorities: first consideration 
is given to comparisons o f sectors at increasing radii, and then to comparisons of 
rings at increasing radii. This method is especially applicable to countries with 
a relatively uniform population distribution.

Specific features o f the method are:

(a) The calculations are easy

(b) Only population distribution data, main wind directions and emergency 
planning data are required

(c) Decisions are based only on the ratio o f local density to regional or 
national density

(d) The results of the evaluation may be indefinite if there is much variation 
of preference categories as a function o f radius and sector

(e) The factors by which the average population values are multiplied to 
form criteria for assignment of categories depend implicitly on regional 
factors that may be difficult to define, especially if population densities 
are not uniform

(f) Summary meteorological characteristics must be known

(g) The choice o f the radial limit, is somewhat arbitrary.

3.5. Site population factor method

In the site population factor method, population values are weighted by a 
simple atmospheric dispersion function, depending only on the distance from 
the site.

The method requires the previous calculation o f appropriate atmospheric 
dispersion characteristics as a function of the distance from a source in the 
region; this calculation is to be based on an average o f some set o f meteorological 
characteristics (e.g. the most unfavourable stability class and related wind speed 
considered in the model) at appropriate meteorological stations (e.g. a set of 
existing nuclear power plant sites). A weighting factor is then chosen proportional 
to these dispersion characteristics; this weighting factor is assumed to depend 
only on the radial distance from the site.

The area around the site is then divided by circles of various radii into a set 
o f concentric rings; the total population in each ring is calculated and multiplied

10

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



by the weighting factor for the appropriate radius. The sum of these products 
for all the rings is then calculated. The ratio o f this sum to a reference sum (e.g. 
to a sum calculated for a set o f existing sites) is called the site population factor 
(SPF) and is taken to be a measure of site acceptability (see Annex II. 3).

Specific features o f the method are:

(a) The calculations are straightforward

(b) Only population density data and a reference meteorological factor 
are required

(c) Atmospheric dispersion is taken into account only on the basis o f a 
very simplified model

(d) Sectorial differences are not considered

(e) The choice o f the radial limit is somewhat arbitrary.

3.6. ‘Site and sector factor’ method

The ‘site and sector factor’ method compares sites on the basis o f the
radiological consequences of a postulated unit release of radioactive iodine.
Curves o f cumulative thyroid dose versus radial distance for site annular zones
and for the most densely populated sectors o f given angular width are compared
with limiting characteristic curves deemed acceptable for the type of reactor
proposed. Such characteristic curves define the ‘site and sector factor’ method.

Two population characteristic curves (see Annex II.4) for each o f the
proposed sites are calculated. The first curve relates to the population distribution
all round the site, whereas the second relates to the most densely populated
sector, taking into account the appropriate weighting factor (as described below).
The region around the proposed site (up to a specified distance beyond which
the variations are o f little significance) is divided into annular zones. The
population P; in each zone is then multiplied by a zone weighting factor Wj andn
the site characteristic curve is obtained by plotting 2 PjWj against the outer

i= 1
radius o f the nth zone. The zone weighting factor Wj is represented by the 
thyroid inhalation dose that a hypothetical ‘standard man’ , located on the middle 
radius of the zone, would receive from a ground level release o f radioactive iodine 
under the most unfavourable stability class and related wind speed considered in 
the model. This model takes into account the calculated lateral spread and the 
radial decrease o f the concentration o f the cloud, and assumes the concentration 
to be uniform along any arc, i.e. takes all wind directions as equally probable. 
Similar characteristic curves are calculated for a number o f 30° sectors. The 
critical sector is determined by the curve, which for much o f its length is higher 
than for any other sector.
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The site and sector characteristic curves for a proposed site are then compared 
with corresponding curves adopted as standard which are based on a reference 
population distribution representative o f the country. A site whose characteristic 
curves are higher than one or both standard limiting curves is deemed unacceptable. 
On the other hand, a site whose characteristic curves are lower than the limiting 
curves is subjected to further examination. In this case the frequency of actual 
wind direction and stability classes as well as other relevant parameters such as 
topographical morphology are taken into consideration. This evaluation should 
also take into account other factors such as expected population development in 
the region, industrial activity, and emergency measures to be adopted in the 
event of an accident.

Specific features o f the method are:

(a) The method is simple and straightforward once the reference 
population characteristic curves are obtained

(b) The weighting factor is determined only by the radioactive iodine, 
which may not be representative for the radiological hazard under all 
circumstances

(c) The preliminary calculation is based only on the generalized atmospheric 
dispersion model

(d) A radial limit o f distance from the site is chosen beyond which variations 
in the characteristic curves with distance are small and of no significance. 
However, the presence o f large centres of population beyond this limit 
should be taken into account.

3.7. Site population and atmospheric dispersion method

In the site population and atmospheric dispersion method the population 
distribution around the plant is weighted with atmospheric dispersion character
istics of the site, which are dependent on distance and direction with reference 
to the site.

Population data are distributed into a grid formed by concentric rings 
divided into regular annular segments.

Detailed information on meteorological characteristics (e.g. wind velocity, 
wind direction, vertical stability) of the site are then used to evaluate different 
dispersion factors, together with their probability o f occurrence. (Data are 
usually derived from representative nearby meteorological stations).

In each annular segment the product o f the population and the specific 
atmospheric dispersion factor is weighted by the latter’s probability. The 
sums of these values for each annular segment are evaluated for each sector and
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for all the sectors. These partial and total sums give corresponding ‘site factors’ 
which can be used for comparing sites (see Annex II.5).

The method uses average weighted atmospheric dispersion factors; in many 
countries only pessimistic dispersion conditions are considered for site screening. 
However, the use o f the ‘partial site factor’ from the worst sector could provide 
a supplementary indicator o f suitability.

Specific features of the method are:

(a) All site-dependent meteorological and population factors can be taken 
into account

(b) Meteorological probabilities are explicitly treated

(c) The method requires the collection o f a relatively large amount of 
site-specific meteorological data

(d) The choice o f the radial limit is somewhat arbitrary.

3.8. Normalized collective dose method
The normalized collective dose method evaluates and compares alternative 

sites on the basis o f simplified collective doses evaluated in sectors and in regions 
around the sites.

Site evaluation from the point o f view o f population distribution is based 
on an approximate calculation o f individual and collective doses due to unit 
release, under normal operation and accident conditions, of the radionuclide 
regarded as the most important. The individual doses are calculated on the 
basis o f site-related factors.

The collective dose, due to inhalation and external irradiation, from a 
postulated accidental release o f a unit quantity o f a specified representative 
isotope, is calculated for the most unfavourable stability class of meteorological 
conditions anticipated in each sector. The dose through the same or other 
appropriate exposure pathways under normal operation is computed using the 
frequency distribution of actual atmospheric dispersion parameters for each 
sector (see Annex II.6).

Sites are compared on the basis o f the following order o f priorities:

(1) Most-exposed sector collective dose for unit release under accident 
conditions

(2) Sums over all sectors of collective doses for unit release under accident 
conditions

(3) Sums o f yearly collective doses over all sectors for normal operation.
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(a) The method can be used for the comparison o f alternative sites

(b) All site-dependent meteorological, topographical and population 
distribution factors are taken into account

(c) The evaluation requires a large data base

(d) The choice of the radial limit is somewhat arbitrary

(e) The method may require computer calculations.

Specific features-of the method are:

3.9. Discussion of methods
The methods discussed in this section differ among themselves, both in 

assumptions and emphasis, in practical data collection, and calculational 
complexity. Since they are all approximations emphasizing different aspects 
of the problem, the different methods will not in general produce identical 
results. The validity of all these approaches depends on the ability to forecast 
reliably or control population growth in the region.

The choice o f method used depends on the availability o f data, on the 
availability o f data processing means, and on the applicability of the assumptions 
used in the method to the local situation. For example, the fixed-area method 
makes the special simplifying assumption that all population-related site para
meters can be compensated by relatively large zones where resident population 
is not allowed and by areas where growth of population and industry are 
restricted. This method therefore concentrates on impacts on nearby population.

The other methods generally include consideration o f populations at greater 
distances from the plant but differ among themselves in other ways. For example, 
the cumulative population curve method and the population density method 
emphasize typicality o f a plant region: sites are likely to be judged suitable if 
located in regions having ‘average’ or ‘below average’ populations or population 
densities compared to a reference population or population density, respectively. 
The cumulative population curve method requires that the population o f the 
region o f the proposed plant be generally less than that o f typical or reference 
regions. Weather conditions are not explicitly taken into consideration. Some
what similarly, the population density method screens sites according to criteria 
based mainly on national average population densities; however, it also utilizes 
some average regional weather data.

14

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



The site population factor method and the site population and atmospheric 
dispersion method add an explicit consideration o f expected weather conditions: 
they provide two different approaches to weighting the population distribution 
by an appropriate atmospheric dispersion factor. The site population factor 
method considers the dispersion, under pessimistic meteorological assumptions 
for an average site, o f a hypothetical radioactive cloud as a function o f distance 
from the reactor. Angular dependences of local meteorological factors, such as 
wind direction, and o f local population densities are neglected; however, the 
method does take into account in a rough way the probable reduction o f dose 
with distance.

The site population and atmospheric dispersion method takes into account 
the meteorological factors somewhat more realistically. Of course, this gain in 
accurate representation of the local situation is produced only at the cost of 
collecting local data, while the preceding methods (sub-sections 3.1—3.6) can 
be applied independently o f local data availability. It should be noted that full 
capabilities of this method are only exercised if local weather conditions are 
weighted by their probability, while in almost all other methods the most 
unfavourable weather conditions are generally used.

The ‘site and sector factor’ method requires only population distribution 
data and assumes a standard theoretical model for the atmospheric dispersion. 
The population distribution per sector and per annular zone is weighted with a 
factor derived from this model and compared with a standard curve. However, 
the standard curve is somewhat difficult to establish for a country which does 
not have a large inventory of nuclear sites already accepted. Therefore the 
method is more suited for comparison between alternative sites.

The normalized collective dose method provides a comparison o f several 
specific radiological criteria: (1) worst sector accidental doses, (2) whole-area 
accidental doses, and (3) whole-area normal operation doses. It requires a 
considerable amount of data on local topography and meteorology.

A summary of the bases for choosing the various methods is given in Annex III.

4. RADIOLOGICAL IMPACT 
AND FINAL SITE EVALUATION

4.1. General

Sub-section 3.1.12 of the Code o f Practice on Safety in Nuclear Power 
Plant Siting (IAEA Safety Series No. 50-C-S) states that:

“ For each proposed site the potential radiological impact on people in the 
region during operational states and accident conditions, including those which
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could lead to emergency situations, shall be evaluated with due consideration 
of the relevant factors including population distribution, people’s diets, use of 
land and water, and the radiological impact of other radioactive releases in the 
region” .

Population distribution is an important factor in these evaluations o f selected 
site-plant combinations.

The radiological risk from accident conditions may be represented con
ceptually by a spectrum of accidents with their probabilities o f occurrences 
and consequences; in a few cases a whole risk assessment for particular types 
o f plant has been performed but it has not been widely used on a plant-by-plant 
basis. It is therefore common practice to assess the overall accidental radiological 
impact by calculating the consequences of certain severe potential accidents.
For those accidents the initiating events and the sequence of following events, 
together with certain critical parameters, are defined to allow unambiguous 
evaluation o f the potential release from the plant. Transfer to the environment 
is evaluated and doses to the individuals are calculated by using appropriate environ
mental models. Doses from operational states (routine releases) are also evaluated.

The population distribution data can be used in combination with the 
individual dose information to calculate the radiological impact on the population.

The more important elements for evaluating the potential consequences to 
people are outlined in sub-sections 4.2 and 4.3. Many of the elements for such 
an evaluation are beyond the scope o f this Guide but some aspects are treated 
fully in other IAEA Safety Guides.

4.2. Reference accidents
Reference accidents should be selected on the basis o f engineering judgement 

of their consequences and probabilities of occurrence. The types o f accidents to 
be considered for analysis depend on the type and design of nuclear power plant 
and on national safety evaluation practices, as well as on the technical state of 
the art. The evaluation of the accidents should treat of the following aspects: 
the initiating event; the sequence o f the following events; the response o f the 
systems; the effect o f the safety features; and the resulting radioactive releases 
from the plant and potential consequences to the public.

4.2.1. Source terms

The accidental release o f fission products from the plant to the environment 
(called the source term) is what remains from the original release from the fuel 
after the reduction brought about by subsequent events including the action of
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the engineered safety features. The source term should be calculated for 
different reference accidents (see previous paragraph) and the calculation should 
take into account in a conservative way any phenomenon causing a reduction 
of the amount of radioactive material released. Examples o f such reduction 
phenomena are plate-out and wash-out of radioactive materials, and the action 
of engineering safety features such as containment, sprays and filter systems.

Examples o f the evaluation o f reference accidents and resultant source 
terms are given in standard references [4—7].

4.2.2. Transfer to the environment

Atmospheric dispersion usually represents the most important process by 
which radioactive material released from the plant during an accident reaches 
the population. Therefore, meteorological data necessary for the calculations 
of dose due to inhalation and external exposure resulting from the cloud 
passage and ground deposition should be carefully collected and analysed. 
Mathematical models covering several processes such as plume rise, radioactive 
decay and build-up, deposition, and removal by precipitation are described in 
the Safety Guide on Atmospheric Dispersion in Relation to Nuclear Power 
Plant Siting (IAEA Safety Series No. 50-SG-S3). Exposure through other 
pathways, which sometimes also plays an important role, may be calculated 
along the lines indicated in the Safety Guide on Hydrological Dispersion of 
Radioactive Material in Relation to Nuclear Power Plant Siting (IAEA Safety 
Series No. 50-SG-S6) and in other IAEA Safety Guides.

4.2.3. Individual doses

The individual effective dose equivalents from reference accidents as a 
function o f location and time shall be calculated. These calculations may be 
done on the basis of methods given in other IAEA Safety Guides and in 
international recommendations [8—10], and should take into account exposure 
to the cloud, ground deposition, and, if appropriate, exposure from more 
indirect pathways such as drinking water and food chain.

4.2.4. Collective doses

In some countries collective effective doses are calculated for external 
exposure. For each annular segment, the collective effective dose is usually 
calculated by multiplying the individual effective dose at a ‘reference point’ in 
each segment by the number o f individuals in that segment. The ‘reference 
point’ can be chosen in various ways: a conservative choice would be the point
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at which the individual dose is highest. The local collective effective dose is 
found by summing the collective effective doses for each annular segment over 
each sector and over the whole region of interest, up to a pre-set integration 
limit. It is also necessary to calculate similarly the collective effective dose 
commitment due to internal contamination from critical pathways. The sum 
of collective doses determined in such a way may be used as a measure of 
potential radiation health detriment under accident conditions.

4.2.5. Final evaluation

The individual and/or collective potential accidental doses shall be assessed 
in the region o f interest. This assessment may be made either by direct 
evaluation of the radiation health detriment or by comparing them with reference 
doses specified in national guides.

4.2.6. Review o f  plant and site for reduction o f  potential radiological health 
detriment

If the preceding evaluation (sub-section 4.2.5) shows that the population 
distribution around the site and the safety features of the proposed plant are 
not compatible, the following measures can be considered:

(a) Improvement o f engineered safety features of the plant
(b) Enlargement of zones of low population density.

If satisfactory modifications cannot be made, consideration should be 
given to alternative sites.

4.3. Doses for normal operation

The procedures just described for accident analyses, suitably modified, can 
be used to calculate effective doses for normal operation (see IAEA Safety 
Series No. 50-SG-S3).

Individual effective dose equivalents for normal operation shall be calculated 
taking into account all important pathways. These individual effective dose 
equivalents should be assessed to ensure that they are lower than the appropriate 
prescribed limits1. It should be noted that the relevant ICRP dose limits are not 
intended to be used automatically as design objectives. The prescribed limit 
should be derived from an optimization procedure and shall be constrained by

1 The term “Authorized limits” is used for this purpose in the Agency’s Basic 
Safety Standards.
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the ICRP dose limits. Moreover, consideration should be given to the possible 
presence o f other radiological sources and their contribution to the total 
effective dose received by members o f the public at present and in the foreseeable 
future.

In some Member States, collective effective doses from external exposure 
for normal operation are also calculated. Such collective effective doses may 
be calculated by summing the collective effective doses received by the public 
in all annular segments covering the region o f interest. The collective effective 
doses in the annular segments may be approximately calculated by multiplying 
the number o f individuals in each segment by the per caput effective dose for 
the segment, taking into account occupancy and other factors. The collective 
effective dose commitments due to internal contamination should also be 
calculated for the region o f interest. The sum of collective effective doses 
should be assessed to ensure that it is ‘as low as reasonably achievable’ (ALARA) 
or, where required by national practices, that it conforms to prescribed limits.

19

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



Annex I

HISTOGRAMS OF POPULATION 
DISTRIBUTION AROUND SOME 
NUCLEAR POWER PLANT SITES

The purpose o f this Annex is to present, for information, statistics on the 
population distribution around some o f the nuclear power plants of the world 
based on data available at the IAEA in 1978. This distribution is presented in 
the form of histograms of the number of nuclear power plants versus total 
population in circles of various radii and in the most populous sectors centered 
on the plants.

The nuclear power plants have been divided into three groups according to 
the average population density of the country in which the plants are located. 
In the case o f large countries an appropriate political subdivision is used.

The limits o f the three groups o f low, medium and high population 
density are shown in Table A1. These limits are intended for application in 
this Annex only.

AI.l. Introduction

TABLE A l. DENSITY GROUPS

Density group .................................................. Low Medium High

Average population density
(inhabitants/km2) .....................................  < 5 0  50 to 150 > 15 0

AI.2. Histograms of the total population per circle
The available data on total population per circle in the neighbourhood of 

the plants were converted (when necessary) to population within the standard 
set o f circles with radii o f 1, 2, 5, 10 and 20 km.

For each radius and density group a histogram of the number of plants 
versus the population has been plotted (Figs A l, A2 and A3) for the population 
intervals o f 10 to 101S, 101-5 to 102, 102 to 102'5, 102'5 to 103,etc. inhabitants.
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AI.3. Histograms o f population distribution o f the most populous sector

A similar analysis was performed to obtain histograms for the 22.5° sectors
with the largest weighted populations where a meteorological dispersion function 
r"1-5 was used to weight the data. When necessary, an interpolation was per
formed to convert the angular data to a set of sectors of 22.5°.

The most populous sector was selected for each plant by using the formula

where Pwm is the weighted population in the sector m
Pi m is the number of inhabitants in the sector m up to the distance rj 
r; = 1, 2, 5, 10, 20 km.

The sector having the largest Pwm has been selected as the most populous 
sector for each plant.

For these sectors histograms o f the number of nuclear power plants versus 
the population have been plotted (Figs A4, A5 and A6) for the three density 
groups using the same distances and population intervals as for circles.

n

i= 1

Figs A 1 —A 6  appear on pp. 2 2 - 2 7 .
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Annex II
DETAILS OF METHODS 

DESCRIBED IN SECTION 3

AII.l. Fixed area method: examples of numerical values

(see sub-section 3.2)

Various countries have used a number of values for the exclusion zone3; 
some of them, in addition, have a restricted zoneb. Table A2 shows the practices 
typically followed in various countries.

TABLE A2. TYPICAL NATIONAL PRACTICES

Country Exclusion zone 
(radius)

Restricted zone 
(radius) Remarks

Canada ~ 1  km Limits are placed on individual 
and collective doses

Czecho
slovakia 500 m Typical value

India 1.6 km 5 km No population centre greater 
than 10 000 within 16 km in the 
main wind direction

Italy 0 .8 -1  km Typical values adopted

USA ~ 0.65  km Low population 
zone of ~  5 km

The values have been found to 
be acceptable for plants licensed 
in the USA in the 1960s and 
early 1970s

USSR ~ 3  km - Typical value

AIL 2. Population density method

(see sub-section 3.4)

The rationale of this method [ 11 ] is to classify the sites into categories 
based on their population distribution in relation to the average population
a Zone in which resident population is not allowed. 
b Zone in which population is envisaged to remain low.
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density of a standard region. The region may encompass the whole nation. 
Category I represents lowest population (most preferred), whereas Category III 
refers to highest population (least preferred). The evaluation consists of 
assigning categories to the various radial zones, followed by a sectorial evaluation.

Radial zone evaluation

The area around the site is divided into concentric rings of 2, 5, 10 and 20 km 
radius. For each of these areas a category value is assigned as follows, where 
Vzp, the zonal population value, is the actual number of inhabitants in each 
zone of the area around the site and Vmzp, the mean zonal population value, is 
the mean number of inhabitants per unit area in the region multiplied by the 
area of the zone.

(a) For the first circular area o f  2 km radius
Category I is assigned i f .........................  Vzp <   ̂ Vmzp

(Also required: absence of 
hospitals, prisons etc.)

Category II i f ............................................ £ Vmzp <  Vzp <  Vmzp
Category III if .........................................  Vmzp <  Vzp

(b) For the 2—5 km annular zone
Category I is assigned i f ..............
Category II if ..............................
Category III if ..............................

(c) For the 5—10 km annular zone
Category I is assigned i f ..............
Category II i f ................................
Category III if ..............................

(d) For the 10—20 km annular zone
Category I is assigned i f .........................  Vzp < 1 .5  Vmzp
Category II if ..........................................  1.5 Vmzp <  Vzp <  3 Vmzp
Category III if .........................................  3 Vmzp <  Vzp

For distances larger than 20 km only the population of larger cities (>100 000 
to 200 000 inhabitants) will be listed.

Sectorial zone evaluation

In addition to the radial zone evaluation the population in sectorial zones 
is also evaluated. The sectors should be such that they are compatible with the

V <  0 5 Vv zp ^  J  v m zp
0-5 Vmzp < V zp< V mzp 
Vmzp <  Vzp

V <  Vv zp ^  v mzpV <  V < 2  Vv mzp ^  v z p ^ ‘ z’ v mzp2 V <  V ^ v mzp ^  v zp
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meteorological data collection practice in the region. Here V ^ , the sectorial 
population value, is defined as the actual number of inhabitants in the annular 
segment of the sector, while Vmsp, the mean sectorial population value, is the 
number of inhabitants per unit area in the region multiplied by the area of the 
annular segment of the sector. The most densely populated sector must be used 
for evaluation.

(a) For the 0—2 km sector no explicit categorization is made. However, 
in practice for standard reactors these sectors contain no large 
population centres

(b) For the 2—5 km annular segment

If the sector or segment is located in the main wind direction with a 
frequency higher than 20%, the next less preferred category will be used in the 
evaluation of the area.

If the site offers especially favourable conditions for the implementation 
of emergency measures, the category of the area will fall into the next more 
preferred category.

All. 3. Site population factor method
(see sub-section 3.5)

Typical atmospheric dispersion characteristics of a country can be used to 
determine the weighting parameters from a simple model. In the site population 
factor (SPF) model [12], average short-term dispersion data and typical annual 
dispersion patterns were used to derive the value a = -1 .5  in a formula depending 
on ra, where r is the radial distance from the site centre. More precisely, the 
site population factor (SPF) for a site is defined as:

Category I is assigned if
Category II i f ................
Category III if ..............

V <  Vv sp ^  v mspV <  V <  3 Vv msp ^  v sp °  v msp
3 V <  V J  v msp ^  v sp

(c) For the 5—20 km annular segment
Category I is assigned if ..................
Category II if ..................................
Category III if .................................

V < 2  Vv sp ^  ^ v msp2 V <  V < 4 V '  msp ^  ’ sp ^  ^  v msp
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where

n is the number of concentric rings around the site, and is chosen as
larger or smaller depending on whether greater or lesser data detail 
or calculational accuracy is desired 

rn is the boundary of the largest circle, and is chosen on the basis of
the convergence of the calculation or from other appropriate 
considerations

W(j) is the weighting factor: here, from meteorological considerations 
W(j) = r”1-5, where rj is the radius of the j th circle 

PC) is the population in the ring formed by the (j -  1) th and j th circles
P0(j) is a normalizing population distribution factor chosen in current

practice to be

PoCi) = 7rDpop( r ? - r ? _ 1)

where Dpop is a standard population density.

In practice, the SPF is calculated for a proposed site and compared to a 
limiting value; this limiting value may be related to averages or upper bounds 
of SPF’s of existing plants or to some other criteria.

AII.4. ‘Site and sector factor’ method 
(see sub-section 3.6)

In this method the suitability of a proposed site is judged on the basis of 
an assessment of the potential consequences to the surrounding population in 
the event of an accident resulting in the release of radioactivity to the environ
ment. The downwind concentrations of any radionuclide released may be 
determined by using the well known principles of atmospheric dispersion of 
aerosols. Radioiodine 131I is used for the evaluation since it is one of the more 
volatile fission products and is readily and rapidly accumulated in the human 
thyroid.

The assessment is performed by deriving two characteristic curves for a 
proposed site based on an analysis of the density and distribution of the sur
rounding population weighted with distance to allow for the dispersion character
istics of a radioactive plume. These site and sector characteristic curves for the 
total population and the most densely populated 30° sector respectively, within 
a specified distance from the site, are compared with limiting characteristic 
curves deemed acceptable for the type of reactor proposed.

The selection of distance in some circumstances may be based on the fact 
that beyond a certain point the variations in the characteristic curves with the
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distance are small and of no significance. In one practical application this was 
30 km.

For the purpose of deriving the curves, the region within this boundary 
limit is divided into a number of annular zones, typically at radii of 1, 2, 3, 5,
8, 15 and 30 km. The site characteristic curve is obtained by plotting the 
summation of the product of the zonal population Pj and the appropriate zonal 
weighting factor Wj, i.e.

n

^  PjWj against the outer radius of the n th  zone
i= 1

A similar procedure is followed to obtain the sector characteristic curve. 
However it must be noted that the population within the first 500 metres is 
usually limited to ‘a few’.

The weighting factor for each zone is derived from the thyroid inhalation 
dose that a ‘standard man’ located at the centre of that zone would receive from 
a plume resulting from a ground level release of a unit quantity of iodine-131.
The ‘standard man’ is based on the age distribution of the population concerned.

The thyroid dose is determined using the Pasquill atmospheric dispersion 
model [13] which assumes a Gaussian distribution of the airborne concentrations.
In a practical application Pasquill type ‘F ’ atmospheric conditions with a wind- 
speed of 2 m/s were used.

The plume model adopted approximately reproduces the practical downwind 
shape in the horizontal plane by reducing in discrete steps with distance the lateral 
angle subtended at the source. For derivation of the sector weighting factors the 
angular lateral spread of the plume is assumed to be constant. In the vertical 
plane the concentration is assumed constant along any arc at a value equal to 
the average for the normal (Gaussian) concentration distribution along that arc.

The acceptability of a proposed site must also take into consideration other 
factors which include the topography of the area, local communications, industrial 
work forces, population mobility and any other special features which might 
affect the emergency procedures which will have to be put into operation in the 
event of an incident.

AIL 5. Site population and atmospheric dispersion method
(see sub-section 3.7)

When a comparative study between several sites for a given type of power 
plant is required, it can be useful to take into account both population distribution 
and local meteorology of proposed sites.
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Several methods have been developed; the one described here consists of 
weighting the population distribution around a plant by atmospheric dispersion 
characteristics of the site [14].

Site factor (SF) is defined as:

i is the sector index
j is the concentric ring index
m is the meteorological situation indexc
Ajjm is the atmospheric dispersion factor in the annular segment ij, for the

meteorological situation index 
Pjj„ is the probability of the meteorological situation index m in the 

sector i
Ny is the population in the annular segment ij.

If necessary a partial site factor (PSF) can be defined for one sector of 
index i as:

This PSF can be used for determining the ‘worst’ sector, which can provide a 
supplemental indicator of suitability.

In practice, 20° sectors are used, and the usual radial limit is 50 km.

AII.6. Normalized collective dose method 
(see sub-section 3.8)

The general method [15,16] evaluates individual and collective doses for 
six organs of an adult and six organs of a one-year-old child by inhalation and 
ingestion pathways and by external irradiation from the cloud or from surface 
deposits for operational states and accident conditions. Input parameters include

1 c The meteorological situation index is determined by wind speed and atmospheric 
vertical stability.

m

where

m
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up to 30 radionuclide air and surface concentrations at each of several reference 
points, taken to be representative for any annular segment of interest. Such 
reference points are defined by their co-ordinates and rely on the numbers of 
individuals of both age groups mentioned.

However, for the purpose of site screening only a simplified form of a more 
sophisticated method is used; a unit release of only one radionuclide (131I) is 
used. The following values are then calculated:

(1) The individual doses for accident conditions for both age groups 
(whole body and thyroid) for the ‘worst’ meteorological conditions 
in each sector.

(2) The collective dose for accident conditions in each sector.

(3) The sum of collective doses over all sectors for accident conditions.

(4) The collective doses for normal operation; for this assessment the 
actual site-related and probability-weighted meteorological dispersion 
factors are used. For the more thorough assessment required for the 
comparison stage the consideration of all the exposure pathways is 
recommended but for the site-screening procedure the ingestion 
pathway and external irradiation from the surface deposit could be 
omitted.
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Annex III
SUGGESTED BASES FOR 

CHOICE OF METHOD

In this annex possible suggestions for the choice of method appropriate to 
some typical situations are synthesized in Tables A3 and A4.

TABLE A3. SUGGESTED CHOICE OF METHOD ACCORDING TO DATA 
AVAILABILITY

D a t a \ _  • j required
Screening of 
suitable sites

Comparison of 
alternative sites Remarks

Population distribution A, B, D B, D, E D and E assume a 
standard theoretical 
meteorological dispersion 
model pertaining to  the 
region

Population distribution 
and summary 
meteorological data

C C Only main wind 
direction needed

Population distribution 
and detailed 
meteorological data

F, G Computer facilities 
frequently required

Explanation o f  Symbols in Tables A S  and A4
A = Fixed-area method (sub-section 3.2)
B = Cumulative population curve method (3.3)
C = Population density method (3.4)
D = Site population factor method (3.5)
E = ‘Site and sector factor’ method (3.6)
F = Site population and atmospheric dispersion method (3.7) 
G = Normalized collective dose method (3.8)
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TABLE A4. SUGGESTED CHOICE OF METHOD ACCORDING TO 
ENVIRONMENTAL FEATURES

Population
features

Physical
environmental

^features

Topography
and
meteorology
not
considered

Homogeneous
topographic
and/or
meteorological
features

Inhomogeneous
topographic
and/or
meteorological
features

Homogeneous
population
density

B C, D, E F, G

Inhomogeneous
population
density

A, B D, E F, G
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DEFINITIONS

The following definitions are intended for use in the NUSS programme and 
may not necessarily conform to definitions adopted elsewhere for international use.

Accident Conditions

Substantial deviations from Operational States which are expected to be 
infrequent, and which could lead to release of unacceptable quantities of radio
active materials if the relevant engineered safety features did not function as per 
design intent.1

Anticipated Operational Occurrences

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 Conditions2 (see 
Operational States).

Commissioning

The process during which 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.'5’ . . r •.

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.

1 A substantial deviation may be a major fuel failure, a Loss o f Coolant Accident (LOCA), 
etc. Examples of engineered safety features are: an Emergency Core Cooling System (ECCS), 
and containment.

2 Examples o f 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.
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Items Important to Safety

The items which comprise:

(1) those structures, systems, and components whose malfunction or 
failure could lead to undue radiation exposure of the Site Personnel 
or members of the public;3

(2) those structures, systems, and components which prevent Anticipated 
Operational Occurrences from leading to Accident Conditions;

(3) those features which are provided to mitigate the consequences of 
malfunction or failure of structures, systems or components.

Licence

Written Authorization issued to the Licensee by the Regulatory Body to 
perform specified activities related to Siting, Construction, Commissioning, 
Operation and Decommissioning of a Nuclear Power Plant.

Licensee

The holder of a Licence issued by the Regulatory Body to perform specific 
activities related to the Siting, Construction, Commissioning, Operation or 
Decommissioning of a Nuclear Power Plant.

Normal Operation

Operation of a Nuclear Power Plant within specified Operational Limits 
and Conditions including shut-down, power operation, shutting down, starting 
up, maintenance, testing and refuelling (see Operational States).

Nuclear Power Plant

A thermal neutron reactor or reactors together with all structures, systems 
and components necessary for Safety and for the production of power, i.e. heat 
Or electricity.

Operational States

The states defined under Normal Operation and Anticipated Operational 
Occurrences (see Normal Operation and Anticipated Operational Occurrences).

3 This includes successive barriers set up against the release of radioactivity from nuclear 
facilities.
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Potential

A possibility worthy of further consideration for Safety.

Region

A geographical area, surrounding and including the Site, 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 po wer plant siting, construction, commissioning, operation 
and decommissioning or specific aspects thereof.

Safety

Protection of all persons from undue radiological hazard.

Site

The area containing the plant, defined by a boundary and under effective 
control of the plant management.
Siting

The process of selecting a suitable Site for a Nuclear Power Plant, including 
appropriate assessment and definition of the related design bases.
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PROVISIONAL LIST 
OF NUSS PROGRAMME TITLES

Safety Series 
No.

Provisional title Publication date 
of English version

1. Governmental organization

Code o f  Practice

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

Safety Guides 
50-SG-G1

50-SG-G2

50-SG-G3

50-SG-G4

50-SG-G6

50-SG-G8

50-SG-G9

Qualifications and training of staff 
of the regulatory body for nuclear 
power plants
Information to be submitted in 
support of licensing applications 
for nuclear power plants
Conduct of regulatory review and 
assessment during the the licensing 
process for nuclear power plants
Inspection and enforcement by the 
regulatory body for nuclear power 
plants
Preparedness of public authorities for 
emergencies at nuclear power plants
Licences for nuclear power plants: 
content, format and legal considera
tions
Establishment and purpose of 
regulations and guides by the 
regulatory body for nuclear power 
plants

Published 1978

Published 1979

Published 1979

Published 1980

Published 1980
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Safety Series Provisional title 
Ho.

Publication date
of English version

Code o f  Practice 
50-C-S

Safety Guides 
50-SG-S 1

50-SG-S 2 

50-SG-S3 

50-SG-S4

50-SG-S5

50-SG-S 6

50-SG-S7

50-SG-S9 
50-SG-S 10A

50-SG-S 1 OB

2. Siting

Safety in nuclear power plant siting

Earthquakes and associated topics 
in relation to nuclear power plant 
siting
Seismic analysis and testing of 
nuclear power plants
Atmospheric dispersion in relation 
to nuclear power plant siting
Site selection and evaluation for 
nuclear power plants with respect 
to population distribution
Extreme man-induced events in 
relation to nuclear power plant 
siting
Hydrological dispersion of radioactive 
material in relation to nuclear power 
plant siting
Nuclear power plant siting — 
hydrogeological aspects
Site survey for nuclear power plants
Determination of design basis floods 
for nuclear power plants on river 
sites
Determination of design basis floods 
for nuclear power plants on coastal 
sites

Published 1978 

Published 1979

Published 1979 

Planned for 1980 

Published 1980
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Safety Series Provisional title
No.

Publication date
of English version

Safety Guides (cont.)
50-SG-S 11 Evaluation of extreme meteorological

events for nuclear power plant siting

3. Design

Code o f  Practice

50-C-D Design for safety of nuclear power
plants

Safety Guides

50-SG-D 1 Safety functions and component
classification for BWR, PWR 
and PTR

50-SG-D2 Fire protection in nuclear power
plants

50-SG-t)3 Protection systems and related
features in nuclear power plants

50-SG-D4 Protection against internally
generated missiles and their 
secondary effects in nuclear 
power plants

50-SG-D5 Man-induced events in relation to
nuclear power plant design

50-SG-D6 Ultimate heat sink and directly
associated heat trahsport systems for 
nuclear power plants

50-SG-D7A Emergency electrical power systems
at nuclear power plants

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

Published 1978

Published 1979

Published 1979 

Planned for 1980 

Planned for 1980

49

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



Safety Series Provisional title
No.

Publication date
of English version

50-SG-D9 

50-SG-D 10

Code o f  Practice 
50-C-0

Safety Guides 
50-SG-01

50-SG-02

50-SG-03

50-SG-04

50-SG-05

50-SG-06

50-SG-07
50-SG-08

Design aspects of radiological 
protection for operational states 
of nuclear power plants

Fuel handling and storage systems 
in nuclear power plants

4. Operation

Safety in nuclear power plant 
operation, including commissioning 
and decommissioning

Staffing of nuclear power plants 
and 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
Radiological protection during 
operation of nuclear power plants
Preparedness of the operating 
organization for emergencies at 
nuclear power plants
Maintenance of nuclear power plants
Standard tests of important systems 
and components in nuclear power 
plants

Published 1978

Published 1979

Published 1980 

Published 1979 

Planned for 1980
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Safety Series Provisional title
No.

Publication date
of English version

Code o f  Practice 
50-C-QA

Safety Guides 
50-SG-QA 1

50-SG-QA2

50-SG-QA3

50-SG-QA4

50-SG-QA5

50-SG-QA6

50-SG-QA7

50-SG-QA8

50-SG-QA 10

50-SG-QA 11

S. Quality assurance

Quality assurance for safety Published 1978
in nuclear power plants

Preparation of the quality assurance 
programme for nuclear power plants
Quality assurance records system for Published 1979 
nuclear power plants
Quality assurance in the procurement Published 1979 
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 Published 1980
nuclear power plants
Quality assurance in the design and 
manufacture of fuel and fuel cladding 
for nuclear power plants
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