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FOREWORD 

by the Director General

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

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

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

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

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

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

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

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

STATEMENT 

by the Senior Advisory Group

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

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

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

The five Codes of Practice cover the following topics:

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

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

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

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

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

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

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

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

NOTE

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

Safety Series No. 50-C-S 
Safety Series No. 50-SG-S1 
Safety Series No. 50-SG-S3 
Safety Series No. 50-SG-S9 
Safety Series No. 50-SG-l OA 
Safety Series No. 50-C-D 
Safety Series No. 50-SG-D 5

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

This Safety Guide recommends procedures and provides information for use 
in implementing that part of the Code of Practice on Safety in Nuclear Power Plant 
Siting (IAEA Safety Series No. 50-C-S) which concerns man-induced events external 
to the plant, up to the evaluation of corresponding design basis parameters. Like 
the Code, the Guide forms part of the IAEA’s programme, referred to as the NUSS 
programme, for establishing Codes of Practice and Safety Guides relating to land- 
based stationary thermal neutron power plants (see the Provisional List of NUSS 
Programme Titles printed at the end of this publication).

The plant designer, to ensure adequate safety, shall meet the general criteria 
specified in the Codes of Practice on siting (IAEA Safety Series No. 50-C-S) and on 
design (IAEA Safety Series No. 50-C-D). One of the requirements in designing a 
nuclear power plant to meet these criteria is to assess the potential in the region 
for external man-induced events that may induce radiological consequences from 
the nuclear power plant and consequently to develop adequate design bases for 
the plant for the purpose of preventing such radiological consequences.

The present Guide deals with the examination of the region and discusses 
the hazardous phenomena associated with such man-induced events. It outlines 
the information needed for initial site selection procedures, for identifying the 
design basis events, and for deriving values of relevant design basis parameters 
where this is possible and necessary.

Full consideration should be given at the stage of site selection to the 
possibility of disregarding regions having now, or in the foreseeable future, 
potential for severe man-induced events. It should be noted that methods and 
procedures for the early stages of site selection are treated in greater detail in 
the Safety Guide on Site Survey for Nuclear Power Plants (IAEA Safety Series 
No. 50-SG-S9).

Some man-induced events exhibit stochastic characteristics and accordingly 
may be treated by probabilistic methods if sufficient relevant data are available. 
However, in an initial survey it is often more convenient to use a deterministic 
approach, that is a method based on conservative and simplifying assumptions 
including limiting physical factors. In some cases only one of these techniques 
may be practicable.

A practical approach in identifying those potential man-induced events for 
which values of the design basis parameters shall be developed is to proceed by 
a series of steps, at each step introducing increasingly detailed information as 
needed, until it can be shown that either the potential is not great enough to be 
a cause for concern or the achieved precision of the evaluated effects is acceptable 
for the provision of design basis parameters. Accordingly, this Guide discusses 
the information and decision criteria required for the various categories of events.

1
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TABLE I. IDENTIFICATION OF SOURCES AND ASSOCIATED INITIAL 
EVENTS
Facilities and transportation Relevant features of the Initial eventsystems to be investigated facilities and traffic

Oil refinery, chemical plant, Quantity and nature of Explosion
storage depot, pipelines, substances Firemining or quarrying 
operations, forests, other 
nuclear facilities, etc.

Flowsheet of process in which 
hazardous materials are 
involved

Release of explosive, flammable, 
corrosive, toxic or radioactive
clouds

Meteorological and topo
graphical features of the Ground collapse, subsidence
region

Existing protective measures
in the installation

Railway trains and wagons, Frequency of passage Explosion
road vehicle, ship, barges, 
etc. Type and quantity of Fire

hazardous material 
associated with each 
movement

Features of the vehicle 
(including protective 
measures)

Meteorological and topo
graphical features of the 
region

Release of explosive, flammable, 
corrosive or toxic clouds

Airport zone Airplane movement Abnormal flight leading to
Runway characteristics crash

Types and characteristics of 
aircraft

Air traffic corridors Flight frequencies
Type and characteristics of 

aircraft
Characteristics of air traffic 

corridors

Abnormal flight leading to 
crash

Military facilities Kind of activities Missile projection
Qualities of hazardous Explosion

materials involved Fire
Features of hazardous 

activities Release of explosive, flammable, 
corrosive or toxic clouds

2
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Large hazardous facilities are, of course, relatively easy to identify both as 
to location and the associated potential hazards. Thought should also be given, 
however, to the potential for impacts from minor activities that could lead to 
serious consequences. Such activities may in some cases occur only occasionally, 
owing to practices in a particular locality.

Although it is not possible to produce a fully comprehensive list o f potential 
sources of man-induced events, since each site is different, and practices with regard 
to industry, transportation and land use may differ from region to region and from 
country to country, a list of likely sources is presented and discussed in this Guide 
(see Table I).

The recommendations and information in this Guide are derived from a 
comparison and discussion of practices used in the Member States for protecting 
the nuclear power plants against man-induced events external to the plant. An 
attempt has been made to present these recommendations in as explicit and 
detailed a manner as possible and to give examples of approaches. It is incumbent 
upon the user of the Guide to be imaginative and thorough in its implementation.

Sabotage is not considered in the Guide. Dam failure and consequent 
flooding are also not discussed here, but they are treated in the Safety Guide on 
Design Basis Flood for Nuclear Power Plants on River Sites (IAEA Safety Series 
No. 50-SG-S10A).

The establishment o f design basis events for any man-induced event depends 
upon a knowledge of regional characteristics and some knowledge of the conceptual 
or preliminary design of the proposed plant. Because of the dependence of plant 
design on regional characteristics the site and plant safety features may have to be 
examined iteratively. In all cases, before a final acceptance of any combination of 
particular plant and site, enough information must be available on the design of 
the plant to allow an expert judgement on the existence of realistic engineering 
solutions to the problems associated with external man-induced events.

Recommendations for implementing the design bases in the design of the 
plant is beyond the scope of this publication. Those considerations are dealt with 
in the Safety Guide on Man-Induced Events in Relation to Nuclear Power Plant 
Design (IAEA Safety Series No. 50-SG-D5), where the requirements specified in 
the present Guide for design basis external man-induced events are used as input.

2. POTENTIAL SOURCES OF MAN-INDUCED 
EVENTS AND ASSOCIATED FEATURES

2.1. General

The potential sources of man-induced events external to the plant that could ^  
affect safety shall be identified. Each relevant potential source shall be assessed, '

3
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in the manner outlined in section 3, to determine the potential interaction with 
the personnel and plant items important to safety.

The sources by themselves may be classified as:
(1) Stationary: such as chemical plants, oil refineries, storage depots and 

pipe lines
(2) Mobile: such as means of transport (road, rail, sea, air).
It should not be overlooked that, in some specific situations, a minor event 

may lead to severe effects.1
In evaluating the need for protection against the impact from man-induced 

events, the plant operating procedures should be properly considered.2
Unless a satisfactory engineering solution is attainable for protection against 

those external man-induced events which have not otherwise been excluded from 
further consideration the site shall be deemed unsuitable.

2.2. Identification of potential sources

Installations that handle, process and store hazardous materials such as 
explosive, flammable, corrosive, toxic and radioactive material shall be among 
the sources to be identified. The magnitude of the hazard may not bear a direct 
relation to the size of such facilities but the amount of hazardous material and 
the process in which it is used should be taken into consideration. Pipelines for 
hazardous products shall be included in the category of items to be identified.
Other sources to be considered are mines and quarries which use and store 
explosives and which may also cause the temporary damming of water courses 
or ground collapse at the site (see the Safety Guide on Earthquakes and Associated 
Topics in Relation to Nuclear Power Plant Siting (IAEA Safety Series No. 50-SG-S1).

With regard to aircraft crashes, a study should be made of airports and their 
take-off, landing and holding patterns. In some cases air traffic routes may also 
need to be taken into account.

The conveyance of hazardous materials by sea or on inland waterways may 
present a significant hazard. Vessels, together with their loads, and waterborne 
debris may have a potential for mechanically blocking or damaging cooling water 
installations associated with an ultimate heat sink.

Experience indicates that the bulk of sea traffic accidents occur in coastal 
waters or harbours, so the shipping lanes in such places near the site have to be 
identified.

1 For example, in one known case, during the safety review of a plant the potential 
existed for a fire of small extent that could have no direct effect on the plant. However, 
examination of the source of off-site emergency power showed that it was necessary to  place 
the power lines underground to  protect them  against the fire.

2 For example, in the case of protective doors, the probability and consequence of an 
^  impact occurring during the time they are open should be considered. It may then be decided

whether or not special additional protection is needed.

4
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Rolling stock, both of the railways and roads, together with their loads, are 
potential sources needing great attention particularly on busy routes, at junctions, 
at marshalling yards and at loading areas.

Military installations generally handle, store and use hazardous materials and 
may be associated with hazardous activities such as firing range pratice. Military 
airports and their associated traffic systems, including training areas, shall also be 
considered as potential sources.

2.3. Effects and associated parameters

The sources listed in the previous section may give rise to events which can
generate effects such as:

(1) Air pressure wave
(2) Missile impact
(3) Heat (fire)
(4) Smoke and dust
(5) Explosive and flammable gas or dust clouds
(6) Corrosive, toxic and radioactive gases and aerosols and liquids
(7) Ground shaking
(8) Flooding, lack of water
(9) Ground subsidence (or collapse).
Some of these effects are o f considerably greater importance than others 

from the safety point of view and many of them may be associated with more 
than one source, but usually one or two effects are dominant when one considers 
any individual source.

Examples of originating sources, sequences of events, and resulting associated 
main effects are given in Tables I—III.

The start of each sequence (initial event) is somewhat arbitrarily selected.

3. COLLECTION OF INFORMATION 
AND EVALUATION

3.1. General

Information collection shall begin early enough to permit the identification 
of potential sources of external man-induced events in the region at the site survey 
stages. When a site has been selected, more detailed information may be required 
to identify design basis external man-induced events and to provide data for design 
basis parameters.

First a list of sources present in the region should be prepared and divided 
into different categories, such as stationary and mobile. The extent of the region,

5
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TABLE II. EVOLUTION OF EVENTS AND ITS IMPACT ON THE NUCLEAR 
POWER PLANT

Initial event Evolution of event Possible impact of each event 
on the p la n t^

Explosion Explosion pressure wave 
Missiles
Smoke, gas and dust produced 

in explosion can drift 
towards the plant

Associated flames and fires

(1) (2) (3) (4) (5) (6) (7)

Fire Sparks can ignite other fires
Smoke and combustion gas of 

fire can drift towards the 
plant

Heat (thermal flux)

(3) (4) (5) (6)

Release of explosive, 
flammable, corrosive, 
toxic or radioactive 
clouds

Cloud can drift toward the 
plant and burn or explode 
before getting there or 
after arrival outside or 
inside plant

(1) (2) (3) (4) (5) (6)

Aircraft crash or abnormal 
flight leading to  crash

Missiles
Fire
Explosion of fuel tanks

(1) (2) (3) (4) (5) (6)

Ground collapse Ground collapse
Interference with water 

systems

(7) (8) (9)

^  See Table III for an explanation of the numerals.

6
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TABLE III. IMPACT ON THE NUCLEAR POWER PLANT AND ITS 
CONSEQUENCES

Impact on the plant Parameters Consequences of impact

(1) Pressure wave Overpressure at the plant as 
a function of time

Collapse of parts o f structure or 
disruption of systems and 
components

(2) Missile Mass
Velocity
Shape
Size
Kind of material 
Structural features 
Impact angle

Penetration, perforation, or spalling 
of structures, or disruption of 
systems and components

Collapse of parts of structure or 
disruption of systems and 
components

(3) Heat Flux Disruption of systems or components 
Ignition of fire combustibles

(4) Smoke and dust Composition
Concentration and quantity 

as a function of time

Blockage intake filters
Habitability of control room and 

other important plant rooms 
and affected areas

(5) Flammable and Concentration and quantity Permeation of the plant and fire or
explosive gas as a function of time explosion inside plant 

Explosion or fire on site

(6) Corrosive, toxic, and 
radioactive gas and

Concentration and quantity 
as a function of time

Permeation of the plant 
Habitability of control room andaerosols Corrosive, toxic limits affected plant areas
Corrosion and disruption of 

systems or components

(7) Ground shaking Response spectrum Mechanical damage

(8) Flooding Level of water
Velocity of impacting water

Damage to structures, systems 
and components

(9) Subsidence Settlement, differential 
displacement, 
settlem ent rate

Collapse of structures or disruption 
of systems and components
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namely the areas to be examined, should be determined for each type of source; 
this will depend on a number of factors, including the type, quantity and 
condition of the hazardous material involved and the nature of any mobile 
sources. Usually these areas will extend a few kilometres from each site but in 
some instances this distance may need to be greater.

The procedure of identifying and initially categorizing sources implies that 
in the early stages of preliminary investigation only that information shall be 
collected which will allow the determination of whether or not the hazard from 
any source has to be given further consideration.

Information about present and planned future facilities and activities in the 
region should be sought from maps, published reports, public records, public and 
private agencies, and individuals knowledgeable about the characteristics of local 
areas. This information together with that obtained from the direct investigation 
of specific facilities that appear to have a potential for impact on the plant should 
be examined to identify those activities that need to be investigated in greater 
detail.

Once the potential sources have been identified, they should be ranked in 
order of their potential impact on safety, taking into account, as far as can be 
readily determined, relevant factors such as the magnitude of the potential event, 
its probability of occurrence and distance from the site.

It will then be necessary to decide which source and events are to be taken 
into consideration in the evaluation of site suitability and in the design of the 
plant. For these purposes only interacting events should be considered.

The evaluation of the probability of an interacting event should begin with 
the probability of the initial event and should continue, as necessary, by con
sidering only the appropriate combination of probabilities of the associated 
sequence of events that could lead to interaction with personnel and items 
important to safety.

3.2. Procedures for evaluating information

The collected information is initially used to eliminate those sources for 
which no further consideration is necessary. The screening procedure may be 
carried out by the use of a screening distance value (SDV) or, where the data 
permit, by a statistical evaluation of the likelihood of an event.

For some sources a simple deterministic study based on information on 
source, distance and characteristics alone may be sufficient to show that no 
significant interacting event can occur. It is often possible therefore by such 
analysis to select an SDV for a particular class of sources beyond which sources 
of this class may be ignored (see sub-section 5.1).

For some categories of event, a value of probability may be fixed and no 
further consideration given to any interacting event with'lower probability. In
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the present Guide the limiting value of the probability of occurrence per annum 
of interacting events is called the screening probability level (SPL).3

Lack of confidence in the quality of the data, that is, in their accuracy, 
applicability, completeness or quantity, may preclude the use of a quantitative 
probabilistic criterion in deciding whether to establish a design basis for a 
particular event or sequence of events or to eliminate it from consideration.
In such cases a pragmatic approach should be used, based on expert judgement 
for deciding what events or sequence of events should be taken into account 
for establishing the design basis for such interacting events.

For each category of source or event not eliminated by the screening process 
a more complete evaluation is necessary. Sufficiently detailed information should 
be collected if this is available to enable a design basis event to be established 
(see sub-section 5.2).

For many categories of interacting events there is often insufficient information 
within the region to permit a valid analysis of the probability of occurrence and 
of the probable severity of the event. It may therefore be necessary to obtain 
statistical data on a national, continental or worldwide basis. Values thus obtained 
should be examined to determine whether or not they need to be adjusted to 
compensate for unusual characteristics of the site and its environs. Where there 
is no realistic conservative basis for calculating the severity of the effects of a 
man-induced event, all available information and assumptions about that particular 
type of event should be obtained so that estimates of the effects can be made and 
a reasoned judgement of the design basis parameters arrived at.

As far as possible the regional development over the anticipated lifetime of 
the plant should be assessed, taking into account the degree of administrative 
control that may be exercised over activities in the region. In this respect allowance 
should be made for the fact that technologies such as those in the chemical and 
petrochemical industries evolve rapidly.

3.3. Sources associated with industrial and commercial facilities

The hazards presented to a nuclear power plant from stationary sources such 
as industrial plants, storage depots and pipelines arise from explosions, fires and 
the formation of gas and dust clouds.

The information required will cover the following matters: the types of 
hazardous material involved, and the quantities in store, in process and in transit; 
the types of process (flowsheets); the dimensions of major vessels, stores or other 
forms of containment; pipeline characteristics such as routes, construction,

3 In some Member States, a value o f 1 0 '7 per reactor-year is used as the acceptable 
limit of probability value for interacting events having serious radiological consequences, and 
is considered a conservative value for the SPL.
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isolating systems and operating conditions; together with active and passive 
safety features.

All available information on accident and failure data should be collected, 
taking into account the active and passive safety features. Information on the 
possibility of the interaction of materials in different stores or in process producing 
a significantly enhanced hazard should also be presented.

Data on the meteorology of the region, the local meteorological features and 
on the topography of the area between the source and the nuclear power plant 
may be needed.

Mines and quarries are hazardous because the explosives used in their 
exploitation can generate pressure waves, missiles and ground shock; moreover 
there is the possibility of ground collapse and the creation of land slides. 
Information required will include the location of all past, present and potential 
future mining and quarrying work and the maximum quantities of explosives 
which may be stored at each site. Information on geological and soil mechanics 
characteristics of the subsurface in the area should also be provided to ensure that 
the plant is safe from ground collapse or land slide generated by such activities.

3.4. Sources associated with transport

The hazards to a nuclear power plant arising from surface transport (sea, 
road, rail and inland waterways) are similar to those from industrial plants. Air 
traffic, on the other hand, presents a different type of hazard because of the 
possibility of an aircraft crash on the nuclear power plant.

Information on such sources in the region is required for analysis to 
determine:

(a) the location of possible sources of man-induced events associated with 
transport systems

(b) the possibility o f occurrence and the severity of impact.

3.4.1. Surface transport

Information shall be collected on fixed traffic facilities in the region 
including ports, harbours, canals, dredged channels, railway marshalling yards, 
road vehicle loading areas, junctions and busy intersections, and on the location 
of traffic routes in relation to the site.

Information shall be collected on the characteristics of traffic flows in the 
region, such as the nature, type and quantities of material conveyed along a 
route in a single transport movement, the size of the vessels involved, speeds, 
control systems and safety devices, and accident statistics including consequences.
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3.4.2. A ir traffic

The information collected on air traffic shall include the location of airports 
and air traffic corridors in the region, the airport take-off, landing and holding 
patterns, the types and characteristics of aircraft and their flight frequencies. 
Information on aircraft accidents for the region and for similar types of airport 
and air traffic shall be collected.

3.5. Source display map

Maps should be prepared showing the location and distance from the nuclear 
power plant of all significant sources, such as chemical plants, refineries, storage 
facilities, mines and quarries, means of transport (air, land and water), transport 
facilities (docks, anchorages, airports), hazardous liquid and gas pipelines, drilling 
installations and wells. Any other facilities that, because of the products manu
factured, handled, stored or transported, may require consideration for possible 
adverse effects on the nuclear power plant, should be identified and located on 
the maps.

These maps should reflect any foreseeable evolution of man-made activity 
having a potential for impact on safety over the probable life of the nuclear 
power plant. Relevant information may be obtained by examining development 
plans for the region.

4. ADMINISTRATIVE ASPECTS

4.1. Control of development of activities likely to cause external man-induced 

events

In accordance with current requirements in some countries, it is necessary 
for the competent national authority to give full consideration to the need for 

controlling activities likely to cause external man-induced events and to their 
continuing development in the region, taking into account the required degree 
of protection at the nuclear power plant.

The means'of effecting such controls and the extent to which they are 
exercised are still in a process of evolution in the countries concerned, but it is 
envisaged that where such controls are to be used they may need to be applied 
from the time a site is selected.
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4.2. Military installations

Particular difficulty may be experienced in collecting and evaluating relevant 
information on military bases including stand-by installations, on the use of 
training areas and on other military activities. Nevertheless, the collection and 
evaluation of such information may be important for safety. It is therefore 
strongly advised that appropriate liaison should be established between the 
relevant civil and military authorities to ensure that site selection is facilitated 
and that the necessary design basis parameters may be evaluated in those cases 
where military activities may present a hazard to the nuclear power plant.

5. PRELIMINARY SCREENING AND 
DETAILED EVALUATION

5.1. Preliminary screening evaluation

Relatively simple procedures outlined in sub-section 3.2 may be used in a 
preliminary screening of sources and interacting events:

(1) An SDV from the plant is determined for each particular category of 
sources such that it will not be necessary to consider sources of man- 
induced interacting events beyond this distance. Generally determina
tion of the SDV takes into account the severity of the impacts and 
the probability of occurrence of the interacting event.

(2) An SPL is determined for a category of event such that it will not be 
necessary to  consider events of that type of lower probability. In this 
approach the quality and quantity of the data available should be taken 
into account.

(3) An alternative approach consists in assuming conservative, but realistic, 
conditions for the sequence of events leading to an impact on the 
nuclear power plant. This is sometimes called a ‘worst case’ study, and 
is used to determine whether the sequence of events requires further 
consideration.

These three approaches are not mutually exclusive and may be used in 
combination in an early screening process. For example, it may be possible to 
eliminate from consideration the sources beyond a selected SDV by a ‘worst 
case’ study or, failing that, by adopting the SPL approach. Those sources not 
eliminated need further evaluation.

Because the risk arising from radiological consequences associated with 
external man-induced events must be acceptably low for the population of the 
region, the SPL must be conservatively small.
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Nevertheless it is emphasized that the validity of the SPL approach depends 
on the assumption that a sufficiently low probability of occurrence of an inter
acting event adequately compensates for a significant hazard arising from that 
event, and that events with probabilities slightly below the SPL are not associated 
with major, possibly catastrophic, hazards.

In practice such an approach must be used with great caution, in particular 
taking into account the following: (1) uncertainties in the numerical estimation 
of probability; (2) the number of various possible sources of external man- 
induced events whose individual probability (for each source) of interacting 
events may be estimated to be less than the SPL, but whose total estimated 
probability (for all sources) may exceed it.

5.2. Detailed evaluation

A detailed evaluation shall be made of each category of interacting event 
not eliminated in the preliminary screening; if necessary, design basis events 
should be selected.

If practicable, a full risk analysis should be conducted taking into account 
all relevant aspects, including the probability of occurrence of an interacting 
event and subsequent events, and the magnitude of the associated radiological 
consequences. However, such an analysis is complicated and in the present state 
of knowledge not usually feasible, so it is not the practice in most Member States. 
The more usual procedure is to establish a design basis probability value (DBPV) 
or a conservatively and deterministically derived level of severity for the inter
acting event. The DBPV can be taken as an order of magnitude greater than the 
SPL, since it is recognized that the probability of occurrence of serious radio
logical consequences resulting from an interacting event is normally at least an 
order of magnitude less than the probability of occurrence of the interacting 
event itself.

In the detailed evaluation the probability of occurrence of each interacting 
event should be determined and compared with the DBPV.

From this comparison the following three situations may arise:
(1) If the probability is the same as or less than the SPL a design basis 

event need not be established
(2) If the probability is the same as or greater than the DBPV a design 

basis event should be established. The design basis event should be 
the most severe interacting event having a probability of occurrence 
equal to or greater than the DBPV

(3) If the probability lies between the SPL and DBPV a decision on whether 
a design basis event needs to be established is made by the regulatory 
body. This may be' done on the basis of an estimation of the overall
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probability of the sequence of events leading to a significant release of 
radioactive material, taking into account all risks associated with 
relevant extreme internal and external events.

Events within the following categories will be discussed in the following 
sections in more detail because of their relevance for many sites:

Aircraft crashes
Chemical explosions
Moving fluids and drifting clouds of explosive, flammable, corrosive, toxic,
or radioactive material.
However, other events specific to a particular site may have to be considered 

and a similar methodology adopted.
For two or more man-induced interacting events of a given category whose 

probabilities are similar (within about an order of magnitude) and for which it is 
judged necessary to protect the plant, the design basis event shall be based on 
that event having the most severe radiological consequences (see sub-section 6.3).

6. AIRCRAFT CRASHES

6.1. Preliminary evaluation

Aircraft crashes shall be taken into account during the site-survey stage. One 
of the following approaches may be used.

6.1.1. SDV approach

In the SDV approach consideration should be given to potential sources for 
crashes existing within defined distances from the nuclear power plant. The SDV, 
which is determined on the basis that any potential hazard beyond the screening 
distance is low enough to be safely ignored, is developed from a deterministic 
and probabilistic evaluation of a spectrum of aircraft hazards. The SDV is derived 
from information which includes:

Distance from the nearest major airport to the plant
Type of air traffic and number of movements
Location of air traffic corridors and air route crossings
Distance from the plant to military installations such as military airports
and practice bombing ranges.
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Aircraft hazards may be safely dismissed in the initial screening if the 
proposed site does not lie within any of the pre-selected SDVs.4 For an example 
o f the SDV approach see Annex I.
6.1.2. SPL approach

In the SPL approach, if the probability of occurrence of interacting events 
for all types of aircraft is less than the SPL, no detailed evaluation need be made 
and it is only necessary to present verifying information (see sub-section 5.1 (2)).
If the probability is equal to or greater than the SPL, a detailed evaluation shall 
be made.

The probability for an aircraft crash is usually greatest in the vicinity of 
airports, both civil and military. The probability of civil aircraft crashes decreases 
markedly in areas outside traffic control corridors. This is not necessarily true 
for military aircraft: some suggestions on how to evaluate this probability are 
outlined in Annex I.

6.2. Detailed evaluation

In the detailed evaluation the probability of an aircraft crashing in the region 
should be determined for each class of aircraft considered (e.g. small, medium and 
large civil and military aircraft) by using the aircraft crash statistics called for in 
section 3. The results should be expressed in the form crashes/year per unit area.

The probability of an interacting aircrash may be determined as the crashes/ 
year per unit area multiplied by an effective area for damage to items important 
to safety.

The size o f the effective area depends on an average angle of the trajectory 
relative to the horizontal, the plan areas of the relevant structures and their heights, 
other areas related to items important to safety, and allowances made for the size 
of the aircraft.

The steps to be taken after this detailed evaluation has been made are given 
in sub-section 5.2.

Some Member States have decided to design all nuclear power plants against 
airplane crashes, after having found a probability of about 10-6 per year for air
craft crashing on an area of 10 000 m2 anywhere in the country. Consequently, 
a single idealized load function for a certain type of aircraft has been derived 
that is accepted as representative of aircraft crashes for design purposes in those 
Member States.

In some other Member States figures of 10 000 m2 to 40 000 m2 have been 
used for the effective area. In the calculation of these values trajectory angles of 
10° to 45° to the horizontal have been used.

4 In some Member States an SDV of 10 km is used for all but the biggest airports.
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6.3. Design basis aircraft crash

For several types of aircraft the probability of a crash at any given site may 
be equal to or greater than the DBPV. It is necessary to protect the plant against 
each type of aircraft, but general assurance is provided if the plant is protected 
against the aircraft crash that would be expected to produce the most severe 
consequences within the plant.

The plant layout and particularly the separation of items important to 
safety and especially vulnerable parts of the plant should also be taken into 
consideration. This and other information provide a basis for deciding whether 
or not an acceptable engineering solution is possible.

6.4. Design basis for aircraft crash

When the probability of an aircraft crash is equal to or exceeds the DBPV, 
the severity of the effects should be determined. Sub-sections 6.4.1 to 6.4.3 give 
examples of items that should be considered and included in the design basis.

6.4.1. Impact and secondary missiles

The load/time functions for the direct impact of the aircraft on the items 
important to safety should be established. The evaluation should include analyses 
of the potential for structural failure by shear and bending, for perforation of 
the structure, for spalling of concrete within the structures, and for propagation 
of shock waves that could affect items important to safety.

The aircraft may break up into parts, each of which becomes a separate 
missile with its own trajectory. An analysis of the missiles that could be produced 
and their significance should be made on the basis of engineering judgement, with 
due regard to the possibility of simultaneous impacts on separate redundant 
systems.

In special circumstances the effects of secondary missiles may have to be 
considered.

6.4.2. Effects caused by aircraft fuel

The following consequences which may result from release of fuel carried 
by the crashing aircraft should be taken into account:

Burning of aircraft fuel outdoors causing damage to exterior plant compo
nents important to safety
Explosion of part or all of the fuel externally to buildings
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Entry of combustion products into ventilation or air supply systems, thereby 
affecting personnel or causing plant malfunction such as electrical faults or 
failures in emergency diesel generators
Entry of fuel into the buildings through normal openings, through holes 
which may have been caused by the crash, or as a vapour or aerosol through 
air intake ducts, leading to subsequent fires, explosions or unwanted side 
effects such as the overspeeding of diesel engines.

6.4.3. Design basis parameters

Engineering judgement should be used when deciding on the relevant impact 
characteristics of the design basis events (aircraft type, weight, impact velocity).

The following are the design basis parameters to be determined from the 
design basis event for an aircraft crash:

(a) Load/time functions and related areas of crash surfaces of the main 
body of the aircraft and of the secondary missiles made of parts of 
the aircraft from which they have become separated (see Annex I)

(b) Amount and type of fuel.
Load/time functions have been developed for some types of aircraft. For 

examples of standard load/time functions see Annex I.
The amount of fuel determined for this purpose should be based on the 

type of aircraft and typical flight plans as they relate to fuel loadings.
These basic parameters, in conjunction with knowledge of the plant layout, 

have been used as input for design calculations.

7. EXPLOSIONS

This section deals with explosions at or near the source of explosive material. 
Moving clouds of explosive gas are dealt with in sub-section 8.2.

7.1. General

In evaluating the potential for explosions, all potential sources lying within 
the SDV should be taken into consideration.

The hazards to be considered should include:
(1) fixed installations such as chemical or explosive manufacturing or 

processing plants, oil refineries and oil or natural gas storage facilities
(2) pipelines transporting oil, gas or other hazardous materials
(3) means of transport, e.g. road, rail, sea, inland waterways 

existing within an SDV.
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After identification, the potential sources of explosions may be initially 
evaluated by deterministic or quasi-deterministic methods using a simple assess
ment technique conservatively applied, with the aim of deciding whether further 
consideration is necessary. Detailed analyses shall be made of the potential 
hazards from the sources not eliminated in order to arrive at a design basis event 
or to exclude explosions from further consideration.

Methods of evaluation are offered in sub-sections 7.2.and 7.3 for both fixed 
and mobile sources but it is not always necessary to evaluate the potential hazard 
from each and every source; it is usually enough to determine the potential 
hazard from the dominant source of a given type in the vicinity of the nuclear 
power plant.s

The analysis of the potential for effects on the items important to safety 
may proceed in steps with increasing levels of detail.

The two main parameters used in these evaluations are thus:
Nature and maximum amounts of the materials that may explode simultane
ously (in store, in process and in transit)
Their distance of closest approach to items important to safety.

7.2. Fixed sources of explosions

7.2.1. Preliminary evaluation

The probability of an explosion occurring at hazardous industrial plants, 
refineries and storage depots is usually higher than the SPL, with the result that 
a deterministic approach is normally adopted for this event rather than a probabi
listic one. Unless there is a very good reason for the contrary, the pessimistic 
assumption should be made that the maximum amount of explosive material 
present explodes and an analysis is then made of the effects of pressure waves, 
ground shock and missiles on the items important to safety. The secondary 
effects of fires resulting from explosions should also be considered and this 
aspect is discussed in sub-section 9.2.

The key factor in this preliminary evaluation is distance, so if a fixed facility 
(including pipelines) exists, or an activity or operation involving the use, handling, 
processing or storage of hazardous materials takes place, at a greater distance 
from the nuclear power plant than the SDV, no further action is necessary.6

5 For example, if a large petrol storage depot is located closer to  the items im portant 
_ to  safety than other, smaller petrol storage depots, then it is unnecessary to  analyse the

potential hazards from these smaller depots. The large storage depot is the critical element.
6 In some Member States an SDV in the range of 5—10 km is used for explosions.
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This is because in practice it is judged that no potential explosions at current 
industrial or military installations at such distances can seriously affect the items 
important to safety.

7.2.2. Detailed evaluation

If within the SDV facilities exist or activities take place in which the 
amount of explosive material is large enough to affect safety, a more detailed 
evaluation should be made. If the probability of a postulated explosion occurring 
exceeds the DBPV, a design basis explosion shall be established (see Annex II).

For evaluating the importance of the impact, the protection required for 
the design basis explosion should be compared with that already provided against 
overpressure from other external events such as extreme winds and tornadoes.

7.3. Mobile sources

7.3.1. Preliminary evaluation

If there is a potential for explosions within the SDV on transport routes, 
the possible effects shall be estimated. If these effects are significant the 
frequency of shipments of explosive cargoes should be determined. The 
probability of an explosion occurring within the SDV is derived from this, and 
if it is less than the SPL then no further consideration is necessary. However, it 
should be noted that particular attention should be paid to the potential hazards 
of large explosive loads, such as those transported in railway freight trains or ships.

Appropriate methods for calculating the probability of an explosion can be 
found in Annex II. If there are not enough statistical data available in the region 
to permit an adequate analysis, pertinent data from similar regions may be used.

7.3.2. Detailed evaluation

If the probability of an explosion within the SDV is greater than the SPL 
a detailed evaluation should be made.

The consequences of an explosion should first be evaluated for a simplified 
case using the assumption that, for a given transport route, the total amount of 
explosive material transportable in one shipment should be considered to explode 
at the nearest conservatively and realistically evaluated point of approach to items 
important to safety. If consequences in this simplified case have an unacceptable 
impact on items important to safety, more information may be collected, and 
a more realistic assumption may be made regarding the quantity of explosive 
involved and the probability of its exploding.
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The steps to be taken after this detailed evaluation has been made are given 
in sub-section 5.2.

7.4. Design basis explosion

Pressure waves at the plant would differ according to the nature and amount 
of explosive material, the configuration of the explosive, meteorological conditions 
and topography. Certain assumptions are usually made to develop the design basis 
for explosions, taking into account such data as the weight and nature of the 
chemicals involved. In general TNT equivalents are used to estimate safe distances 
for given weights of explosive chemicals and for a given pressure resistance of the 
relevant structures (see Annex II). For certain explosive chemicals the pressure/ 
distance relationship may have been developed experimentally and could be used 
directly.

Missiles which may be generated by the explosion should be identified, using 
engineering judgement and taking into account the source of these missiles and in 
particular the explosive material and the characteristic of the facility in which the 
explosion is assumed to occur.

Consideration should also be given to possible ground motion, and to other 
secondary effects such as the outbreak of fire and the release or production of 
toxic gases (briefly dealt with in sections 8 and 9), and the generation of dust.

7.5. Design basis for explosion

From the established design basis explosion the parameters of the following 
should be determined:

Pressure waves (maximum overpressure incident and reflected, time variation
of the pressure wave)
Generated missiles (size, impact velocity)
Ground shock, especially in the case of buried items.

It should be noted that the arrangement of buildings can result in substantial 
superposition of reflected pressure waves with a resultant increase in the pressure.

8. RELEASE OF HAZARDOUS FLUIDS

This section deals with hazardous fluids (explosive, corrosive and toxic, 
including liquefied gases) that are normally kept in closed containers but upon 
release could cause a hazard to items important to safety. This subject requires
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particular attention, in view of the potential release of flammable gases and 
vapours which can form explosive clouds and can enter ventilation system intakes.

8.1. Liquids

8.1.1. Preliminary evaluation

Activities and facilities involving the processing, handling, storage or trans
port of flammable, toxic or corrosive liquids within the SDV should be identified. 
The SDV selected will depend on a number of factors such as the regional topo
graphy and the type and density of industrialization. It is usually about the same 
as the SDV used for the fixed sources of explosions (see sub-section 7.2).

If the potential hazard to items important to safety arising from these 
activities and facilities, within the SDV, is less than that from similar materials 
to be stored on the site and against which protection has been provided, then no 
further investigation is required. Otherwise the potential hazard from off-site 
activities should be evaluated using in the first instance a conservative and simple 
deterministic approach.

In the case of mobile sources, particular attention should be given to barges 
or ships with large capacities.

8.1.2. Detailed evaluation

If there are sources of hazardous liquids not eliminated in the preliminary 
evaluation, a more detailed evaluation of the potential hazard from these sources 
will be necessary. This should include the following main steps:

(1) The location of the source of liquid should be identified and the 
maximum plant inventory, quantity in store or amount otherwise 
contained should be determined for each facility.

(2) The probability of a rupture of a container or any leak from the 
facility store should be evaluated.

(3) The maximum quantity that could be released and the related 
probability of release of this quantity should be evaluated.

(4) The probability of release of a hazardous liquid from a mobile source 
in transit within the SDV should be evaluated. It should be assumed 
that the maximum quantity transported is released; in the event that 
more precise evaluation is required, the quantity to be assumed is 
assessed on the basis of the probabilities of the several different 
quantities being involved at the same time in the release. Mobile 
sources such as barges and ships carrying large amounts of hazardous
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liquids within the SDV should be assumed to  be stranded at the nearest 
conservatively and realistically evaluated point of approach to the 
nuclear power plant.

(5) The place nearest to the nuclear power plant where hazardous pools 
of liquids may collect should be established, taking into account the 
topography of the land and the plant layout.

The probability of a hazardous interaction with items important to  safety 
and with personnel should then be evaluated.

The steps to be taken after this detailed evaluation are given in sub
section 5.2.

8.1.3. Design basis event for release o f  hazardous liquids
i

The location and size of, and the flow path to and from, any pool formed by 
these hazardous liquids and the related danger to the nuclear power plant shall 
be assessed. Note that it is easy to prevent the flow of liquid towards the nuclear 
power plant by structures such as earth works. For a fixed source this barrier is 
often placed in its immediate vicinity and the hazard to the nuclear power plant 
is thereby minimized.

An important route for hazardous interaction with the nuclear power plant 
is provided by the water intake; danger may arise from spillages at an adjacent 
plant or from tanker accidents. The dilution and dispersion of the liquid and its 
entry into the water intake should be evaluated and the nuclear power plant 
protected to the extent necessary.

Consideration should be given to the fact that spillages of explosive or highly 
flammable liquids on water may produce floating pools, which may approach the 
nuclear power plant at the shore line or river bank.

8.1.4. Design basis parameters

The important parameters and properties which should be considered for 
inclusion in the design basis for protection of the nuclear power plant against 
hazardous moving liquids are:

Amount of liquid 
Pool surface area 
Chemical composition 
Concentration 
Partial pressure of vapours 
Boiling temperature 
Ignition temperature 
Toxicity.
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8.2. Gas and vapour clouds

8.2.1. General

Gas and vapour from volatile liquids or liquefied gases may, upon release, 
form a cloud and drift. The drifting cloud may affect the nuclear power plant 
in the following two ways:

(1) When it remains external to the plant it is a potential hazard similar to 
some of the other man-induced events considered in this Guide (e.g. 
fires, explosions and related effects)

(2) It can permeate the plant buildings, posing a hazard to personnel and 
items important to  safety, in particular if the cloud is of an explosive 
gas.

It is emphasized that in the present state of technology the most practical 
method of defence against this type of hazard would probably be to ensure 
protection from the potential source by distance.

Clouds of toxic gases can have a serious effect on the personnel of a nuclear 
power plant. Corrosive gases can damage safety systems, and may, for example, 
cause loss of insulation in electrical systems. These matters should be given 
careful consideration.

Meteorological information must be taken into account when estimating 
the danger from a drifting cloud since local meteorological conditions affect 
dispersion. In particular, the predominant direction of the wind may be such 
as to move the cloud away from the nuclear power plant and not towards it.
This would reduce the probability of the interaction.

For the postulated underground release of hazardous gases or vapour, 
consideration should be given to seepage effects which may result in situations 
such as high concentrations of hazardous gases in buildings and/or the formation 
of hazardous gas clouds within the SDV.

8.2.2. Preliminary evaluation

The environs of the nuclear power plant should be examined for the purpose 
of identifying all possible sources of hazardous clouds within the SDV.7 Particular 
attention should be paid to: chemical plants; refineries; above-ground and 
underground storage systems; volatile-liquid, gas and liquefied-gas pipelines;

7 In some Member States an SDV in the range o f 8 to 10 km is used for the sources of 
hazardous clouds.
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transport routes and their associated potential sources out to SDVs within which 
clouds hazardous to  the plant may be generated.

The preliminary evaluation is intended to screen out those facilities and 
activities requiring no further consideration. The criteria should be conservative 
and simple in their application, e.g. by taking into account the existence of similar, 
larger potential sources nearer to the site and of the quantities of materials to be 
stored on the site. The first step in this evaluation may be based on the assumption 
that the maximum inventory of the plant and storage area is involved. Relationships 
exist, of which examples are given in Annex III, permitting the evaluation of the 
hazard as a function of the distance and of the quantity of material.

The potential sources not eliminated by this initial screening process shall 
be given consideration in the detailed evaluation.

Also for mobile sources within the SDV, a conservative and simple method 
should be adopted in the first step of the preliminary evaluation. The maximum 
amount of hazardous material that may reach the nearest point of approach to 
the nuclear power plant on a given transport system should be determined, and 
this amount should be assumed as being involved in any incident that may occur. 
The effect of interacting events with the plant should be evaluated and if it is 
not significant then no further consideration need be given to the event. Particular 
care should be exercised when dealing with explosive clouds since the theory on 
the behaviour of such clouds is still in a process of development. If further 
consideration is necessary the evaluation should be progressively refined to yield 
the probability of occurrence of an interacting event, taking into account the 
frequency of passage of hazardous shipments, and the probability of an accident 
during this passage. If the resultant probability of occurrence of the interacting 
event is greater than the SPL, a more detailed evaluation is necessary.

8.2.3. Detailed evaluation

In the detailed evaluation the probability of occurrence of an interacting 
event due to drifting clouds should be assessed.

The following should be taken into consideration:
(1) The probability of occurrence of the initial event (e.g. pipe rupture)
(2) The quantity of material involved
(3) The probability that a cloud will drift towards the nuclear power plant
(4) The dilution due to atmospheric dispersion
(5) The probability of ignition for explosive clouds.
For underground releases seepage effects should be taken into account.
Steps to be followed after the detailed evaluation of the probability that 

toxicity or flammability concentration limits are exceeded at the nuclear power 
plant, are given in sub-section 5.2.
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8.2.4. Design basis drifting clouds

In evaluating the design basis drifting hazardous clouds the probability of 
occurrence and the characteristics of the interacting event should be considered.
The interaction could consist of significant levels of air-borne toxic substances 
within the nuclear power plant, or of inflammable or explosive substances 
inside or outside the plant. The associated effects of these types of clouds on 
safety at the plant will need to be evaluated in each case and where necessary a 
design basis event for each type should be established.

8.2.4.1. Generation of drifting clouds

For evaluating the generation of a drifting cloud and its interaction with 
items important to safety, it is necessary to distinguish between the following:

(1) Sub-cooled liquefied gases
(2) Gases liquefied by pressure, and non-condensable compressed gases.
Sub-cooled liquefied gases. Usually a release will occur as a steady leak over 

a considerable time, but the possibility of an effectively instantaneous release 
shall also be considered, depending on the following assumed conditions associated 
with the release:

The type of storage container and its associated piping
The maximum opening from which the material may leak
The maximum amount of material that may be involved
The relevant circumstance and mode of failure of the container.
The starting point for the detailed analysis is the evaluation of a range of leak 

rates and related failure probabilities or the total amount of material released and 
the related failure probability.

If a large amount of sub-cooled liquefied gas is released, much of it may 
remain in the liquid phase for a long time and has to be treated as a liquid during 
this period (see sub-section 8.1), but a fraction will vaporize almost instantaneously.

The characteristics of the pool formed by the liquid such as the location, the 
surface area of the liquid, and the evaporation rate should be evaluated, taking 
into account wind speed, soil permeability and soil thermal conductivity, and 
where applicable, any ponds or catchment areas surfaced with low-conductivity 
materials provided to confine spilled liquids.

To evaluate the maximum concentration at the site, the models described 
in the Safety Guide on Atmospheric Dispersion in Nuclear Power Plant Siting 
(IAEA Safety Series No. 50-SG-S3) may be used, though with caution, since 
often the released gases are at a very low temperature and the models are not 
strictly applicable to a gas-air mixture of negative or positive buoyancy. (See 
Annex III for this and other cases).
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Gases liquefied by pressure, and non-condensable compressed gases. The 
formation of a large cloud is more likely for gases liquefied by pressure and non- 
condensable compressed gases than it is for sub-cooled liquefied gases, but the 
detailed analysis is less difficult because the source is more easily defined and 
in some cases dispersion of the cloud is governed by simpler phenomena.

As with sub-cooled liquefied gases the release may be characterized as
(1) a leak rate, or
(2) a total sudden release,

and a similar evaluation should be carried out. Which of these two assumptions 
one uses depends on the type of storage tank, process vessels, associated piping 
and the related failure probability.

In making an appropriate assumption for the amount of material available 
for release in case of an accident, account should be taken of the time interval 
after which action will be taken to stop the leak. For example, pipeline valves 
may close automatically, thus isolating the ruptured section.

With buried pipes the depth of soil is usually insufficient to present the 
escape of gases released from the pipes; however, seepage may occur and should 
be taken into account. In all cases, when the characteristics of the gaseous 
release to the atmosphere have been established, a model should be selected to 
determine the dispersion of the gas towards the nuclear power plant. Because of 
uncertainty in other factors, e.g. in the amount of release and the release rate, it 
may be sufficient to use a simplified dispersion model derived for an average site, 
and to select the concentration values that have a given probability of not being 
exceeded during a certain fraction of the time (see Annex III).

Attention should be given to the choice of meteorological conditions 
assumed to exist at the time of formation of the cloud and afterwards.

8.2.4.2. Assessment of the concentration

The calculated concentrations should be compared with reference concentra
tions that depend on the characteristics of the material and of the hazard. For 
flammable or explosive clouds the reference concentration is the lower limit of 
flammability. For toxic material the toxicity limits are the reference concentrations.

8.2.4.3. Design basis parameters for hazardous gas clouds

For an explosive cloud the major design basis parameter is the pressure as a 
function of time, but other significant parameters may be vibratory ground 
motion and heat flux.
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For a toxic, corrosive or flammable cloud the following are some of the 
important characteristics relevant for the design:

Chemical composition 
Concentration with time and distance 
Toxicity limit 
Flammability limit 
Radiant heat flux.

9. OTHER MAN-INDUCED EVENTS
9.1. General

Besides the three main man-induced events, namely aircraft crashes, 
explosions and hazardous fluids, there are many other interacting events which 
can result from external man-induced events. Fires are common to a number of 
man-induced external events. In particular, fires can be a consequence of events 
such as an aircraft crash or a chemical explosion.

9.2. Fires

A survey shall be made around the site for possible sources of fire such as 
storage areas for low-volatility flammable materials (especially hydrocarbon 
storage tanks), woods, plastics, factories that produce or store such materials, 
their transport lines, vegetation.

The area to be examined for the possibility of fires that may affect items 
important to safety should have a radius of the SDV.8

The precautions taken to protect the nuclear power plant against internal 
fires also offer some protection against external fires and may be taken into 
account in evaluating the effects of external fires on the plant.

Consideration may also be given to protection provided against the fire 
hazards at the source of the fire. For example, automatic sprinkler systems or 
the presence of a permanent local fire fighting team can reduce the probability 
of a serious fire.

The main hazard to the nuclear power plant is the burning of parts of the 
plant and the resulting damage. The smoke can affect the plant operators and 
certain systems. Particular attention should be paid to possible common mode 
failures. For instance, the off-site emergency power supply could be interrupted 
by fire, while the emergency diesel generators may lose function because of 
smoke being sucked into their air intakes.

8 This radius is about 1—2 km from the nuclear power plant.
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Another consideration is the possibility that emergency access and escape 
routes may be cut off by a large fire.

Parameters that define the importance of a fire include the surface area 
covered by the fire which, in the case of combustible liquids, is the area of the 
pool. Examples of matters to be considered in the design basis for fires are:

Thermal flux
Hazards from burning fragments.
Some additional points to be considered in dealing with this event are 

presented in Annex IV.
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ANNEXES
Annexes I—IV provide additional explanatory information, with 

emphasis on clarification of the subject rather than on 
comprehensiveness and applicability to all specific cases.
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Annex I 
AIRCRAFT CRASHES

AI-1.1. Evaluation o f  the probability o f  aircraft crashes on the nuclear power 
plant

In evaluating the probability of an aircraft crash on a nuclear power plant 
the following three partial independent probabilities can be considered [1]:

Pj is the probability of crashes on the plant due to general air traffic 
operation all over the country

P2 is the probability of crashes on the plant due to take-off and landing 
operations associated with airports

P3 is the probability of crashes on the plant due to air traffic within main 
traffic corridors and specific points of high accident rate.

AI-1.2. SDV

One Member State takes into account potential hazards from crashes 
originating from:

(1) Airways or airport approaches that pass within 4 km of the plant
(2) Airports located within 10 km of the site
(3) Airports with projected operations greater than 500 d2 movements 

per year located within 16 km of the site and greater than 1000 d2 
beyond 16 km (where d is the distance in km from the site)

(4) Military installations or airspace usage such as practice bombing ranges, 
which might present a hazard to the safe operation of the plant, within 
30 km of the site.

AI-1.3. Design basis aircraft crash

Some Member States have decided to  design all nuclear power plants against 
aircraft crashes, after having found a probability of about 10-6 per year for 
aircraft crashing on an area of 10 000 m2 anywhere in the country. Consequently, 
a single idealized load function for a certain type of aircraft was derived and has 
been accepted as being representative of aircraft crashes for design purposes in 
those Member States.

In some Member States values of 10 000 m2 to 40 000 m2 have been used 
for the effective area in calculating the probability of an aircraft crash from the

AI-1. Preliminary evaluation

30

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



T IM E  (ms)

FIG.A1. Load/time function calculated fo ra  Boeing 720. (Adapted from Ref. [2 p.

T IM E  (ms)

FIG.A2. Load/time function calculated fora  Boeing 707-320. (Adapted from Ref. [2]).
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FIG.A3. Impact area calculated as a function o f  time for a Boeing 707-320. (Adapted from 
R e f [2]).

statistics (events/year per unit area). In the calculation of these effective areas 
angles of impact of 10° to 45° have been used.

AI-2. Design basis mechanical parameters

AI-2.1. Introduction

If the analysis described in section 6 shows that a design basis for an aircraft 
crash is necessary, load/time functions and corresponding impact areas are needed 
for the design of the nuclear power plant. In the remainder of this annex examples 
of load/time functions and corresponding impact areas are given (Figs A l—A6).
A diagram showing these parameters for secondary missiles such as aircraft engines 
is also included (Fig. A7).

AI-2.2. Load/time functions

Some examples of load/time functions are derived for the impact normal to 
the surface of the shell or plate under consideration. A stable and stiff structure 
is assumed. An impact velocity of about 100 n r s -1 is generally used because this 
velocity is not exceeded during normal take-off and landing of commercial air
craft and no records of accidents with large aircraft within a certain distance of an
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FIG.A4. Idealized load/time function for a McDonnell-Douglas Phantom RF-43. (From Ref. [3p.

T IM E  (ms)

FIG.A5. Load/time function calculated for a General Aviation Cessna 210 at 360 km/h. 
(From Ref. [4]A
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T IM E  (ms)

FIG.A6. Load/time function calculated for a General Aviation Lear Jet 23 at 360 km/h. 
(From Ref. [4]).

0  1 2  3  4

T IM E  (ms)

FIG.A7. Load/time function (smoothed) for secondary missiles (calculated for an engine o f  
a Phantom R4). Formula o f  the average load function is L = 8 0 X  106 sin (it-t/4), where L is 
in newtons and t is in milliseconds. (Adapted from Ref. [5]j.
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airport have shown higher velocities. However, if the probability of impact 
during a particular phase of flight is not low enough, then such an impact should 
be taken into account with the appropriate speed.

Some load/time functions for large planes which can cause severe conse
quences to the nuclear power plant are known. For civil airplanes Ref. [2] gives 
load/time functions for the Boeing B707 and B720 at a velocity typical for 
landing and take-off (370 km/h). Examples are given in Figs A 1 and A2.

Implementation of these load/time functions requires the impact area to be 
known. Figure A3 gives the area as function of time during impact. The average 
values of impact area chosen for the calculations were about 37 m2 for flat 
surfaces and about 18 m2 for spherical surfaces. For further details see Ref. [2].

Another load/time function which was originally derived for the crash of a 
military aircraft (General Dynamics Phantom RF-4E with a velocity of 215 m/s) 
is shown in Fig. A4. The impact area for this event is assumed to be 7 m2. For 
further information see Ref. [3], This load/time function covers a wide range of 
military and civil aircraft.

Other load/time functions [4] have been derived to deal with the impact of 
two General Aviation aircraft, a Cessna 210 and a Lear Jet 23 (see Figs A5 and A6). 
Average impact areas to be used in the calculations are assumed to be about 4 m2 
and 12 m2 respectively.

AI-3. Characteristics of secondary missiles

Parts of an aircraft, e.g. engines, wings, the fuselage and the tail section, can 
become secondary missiles as a result of a crash. One example has been derived 
for a Phantom engine moving at a velocity o f 100 m/s and having an impact area 
of 1.5 m2 (Fig. A7). For further details see Ref. [5].

Annex II 
CHEMICAL EXPLOSIONS

AII-l. Explosive phenomena

The word explosion is used in this Safety Guide in a general way for all 
chemical reactions which may cause a substantial pressure rise in the surrounding 
space. A detailed analysis will show that an explosion can take the form of a 
deflagration which generates moderate pressures or of a detonation which 
generates very high near-field pressures. Nevertheless, it is also possible to have 
a range of explosions between deflagration and detonation but the pressures 
associated with these explosions are significantly lower than those of detonations.
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In a deflagration, which can occur when released hydrocarbon gases ignite, 
the gas bums within a reactive zone and the flame propagates with an appreciable 
flame speed across a major part of the cloud and creates pressure peaks; the 
generated pressure depends mainly on the flame speed.

There is some evidence that the maximum burning velocity (relative to the 
non-burning gas) increases with vapour cloud size and it appears that an upper 
limit exists for the burning velocity for homogeneous mixtures; this limit would 
appear to be a function of the power of ignition and the turbulences induced by 
different obstacles and will probably not exceed some tens of metres per second. 
The chemical reaction will form a pressure wave travelling with a velocity near 
the speed of sound, creating a peak overpressure of a few tenths of a bar (up to 
approximately 0.3 bar (30 kPa)) in the incident wave; however, higher deflagration 
pressures may be possible.

In a detonation, on the other hand, the reaction is shock-induced, will travel 
at velocities higher than the speed of sound, and will produce high peak over
pressures.

With high explosives (e.g. TNT), however, the pressure peaks may be of the 
order of 1000 bars (100 MPa).

The value of the overpressure and the duration and shape of the pressure 
wave are required when designing buildings against the impact of pressure waves. 
Deflagration and detonation differ in peak overpressure, in the duration of the 
impulse, in the steepness of the wave front, and in the decrease of overpressure 
as a function of propagation distance.

A deflagration normally results in a slow increase in pressure at the wave 
front and has a long duration with the peak pressure decreasing relatively slowly 
with distance, whereas a detonation may result in higher overpressure with a steep 
pressure rise and a short duration. A building designed against deflagration may 
also withstand a detonation with higher overpressure if the overpressure is of 
sufficiently short duration. The rate of decrease of overpressure with distance 
of travel differs as between deflagration and detonation. The high detonation 
peak overpressure decreases quickly near the source. The deflagration wave 
front will be steeper at greater distances from the origin and will become similar 
to that from a detonation.

These characteristics, in addition to being functions of the propagation 
distance, are also influenced by the weather conditions and the topography.

There is as yet no experimental evidence of a pure detonation of explosive 
gases initiated by a weak ignition in a free atmosphere. However, analyses of 
accidents in the past have shown overpressures substantially higher than 0.3 bar 
(30 kPa) in the vicinity of gas cloud explosions. It is possible that ignition of a 
gas cloud initiates a deflagration, which due to turbulence or partial confinement 
(e.g. multiple reflection) becomes a detonation affecting only a limited volume.
In this case, any overpressure between a few tenths of a bar and values of about
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20 bars (2 MPa) may develop in the surrounding space. Care should be given in 
planning the layout of the buildings to avoid such a situation. The possibility 
of at least partial detonations within a cloud with overpressure higher than
0.3 bar (30 kPa) cannot be excluded.

AII-2. Design basis

There are two principal ways of determining the design basis parameters 
to protect the nuclear power plant against damage by pressure waves from 
explosions:

(1) If there is a potential source in the vicinity of the plant which can 
produce a pressure wave, propagation of the wave to the plant can 
be calculated and the resulting pressure wave is the basis for the 
design.

(2) If there is already a design requirement to provide protection against 
other events, e.g. tornadoes, a value can be calculated for the corres
ponding overpressure. This value will allow the calculation of safe 
distances between the plant and any potential source. That is, distances 
from the source are given at which the pressure wave is expected not
to exceed the calculated overpressure corresponding to the design basis 
for the other event. This can also be done if there is a design basis 
for the whole plant against overpressure or if the design of the least 
protected safety-related component is known.

In the rest of this annex, methods are given for calculating pressure/time 
functions, and some pressure/time functions are given directly. Methods are also 
given for calculating safe distances, and some distance/overpressure relationships 
are provided.

AII-2.1. Load Itime functions

There exist many papers dealing with the evaluation of pressure waves 
generated by explosives, mainly TNT. However, for gas cloud explosions the 
available literature is not always in agreement on how to predict overpressures; 
the use of scaling laws from TNT explosion should therefore be made with 
caution. In the literature there are important quantitative differences about 
the use of the TNT equivalent.

Some papers which may be useful are Refs [6-11 ]. However, attention 
should be given to specific experimental conditions. As an example of the 
deflagration of a gas cloud the load/time function used in one Member State [11] 
is that given in Fig. A8. It assumes deflagration of a spherical gas cloud with 
about 50 m diameter next to a safety-related building.
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T IM E  A F T E R  ST A R T  OF PR E SSU R E  R ISE  (s)

FIG.A8. Pressure pattern on the nuclear power plant building. (Adapted from Ref. [ 11 p.

AII-2.2. Distance /overpressure relationship

In Figs A9 and Al 0 examples are given for determining the acceptable 
distances between a potential source of explosion and the safety-related items 
of a nuclear power plant [ 10,11 ].

Such distance/overpressure relationships refer to different values of dynamic 
pressure. It is assumed that a structure designed against the dynamic pressure of 
a certain wind can withstand the same peak pressure from an explosion. For a 
pressure value (peak positive incident pressure) of 0.07 bar (7 kPa) the relation
ship proposed in one Member State is

Rip = 18W1/3

where Rjp is the distance from an exploding charge (m)
W is the mass of TNT or the TNT equivalent of the mass of the 

exploding material (kg).

This relationship is shown in Fig. A9.
For the design pressure wave shown in Fig. A8 the related distance is given 

in another Member State (peak positive reflected pressure) by

Rrp= 8 L 1/3

where Rrp is the distance from the exploding material (m)
L is the TNT equivalent of the total mass of explosive stored at one 

place (kg).
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TNT EQUIVALENT MASS <kg)

FIG.A9. Distance versus TNT equivalent mass with radius-to-peak incident pressure o f  
7 kPa. (Adapted from Ref. [10]A

T N T  E Q U IV A L E N T  M A S S  (kg)

FIG.A10. Distance versus TNT equivalent mass for a nuclear power plant designed against a 
peak reflected overpressure o f  4.5 X 10*Pa. (Adapted from Ref. [11]).
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This relationship is shown in Fig. Al 0. In evaluating the TNT equivalent mass, 
due regard shall be given to the particular circumstances of the case under 
consideration, e.g. the nature of the material and the fraction of the inventory 
involved. Normally only a part of the generated gas cloud will detonate after 
the cloud has been ignited. For further details see, for instance, R ef.[l 1],

There are many more publications on the subject of explosions associated 
with nuclear power plants. Refs [12—14] give further useful information.

Annex III 
HAZARDS FROM DRIFTING CLOUDS

AIII-1. Dispersion of toxic and flammable gases

There are no fundamental differences in the mode of dispersion of toxic 
gases and of flammable gases (before ignition) in the atmosphere. Many toxic 
and many flammable gases are much heavier than air when in the undiluted state, 
and some are lighter than air. Immediately after release their concentration in 
air will be high and density difference will cause the cloud or plume to slump to 
the ground or to rise in the air, and during this phase normal atmospheric turbu
lence will have little influence on the spreading of the cloud or plume. This 
phase will be followed by a second phase during which atmospheric turbulence 
gradually dilutes the gas cloud by mixing it with air. Later still, at some 
concentration probably well below 1%, dilution will progress to a stage at which 
dispersion is controlled entirely by atmospheric turbulence. However, the theory 
of the spreading and dispersion of gases, of which the density differs markedly 
from the surrounding air, is exceedingly complex; work is being done on this 
subject, and much of its theory awaits confirmation through large-scale 
experiments planned or in progress. Meanwhile, therefore, it has to be borne in 
mind that to treat the dispersion of these gases as if their density were the same 
as that of air may introduce large errors, and that the Safety Guide on Atmospheric 
Dispersion in Nuclear Power Plant Siting (IAEA Safety Series No. 50-SG-S3) is 
concerned, strictly speaking, with the dispersion of gases or aerosols of the same 
mean density as air. However, if dense or light gases are released in very small 
quantities or at a very slow rate, it is likely that atmospheric dispersion will so 
rapidly dilute the escaping gas that the Safety Guide just mentioned can be 
applied with confidence. Problems raised by the dispersion of toxic gases and 
flammable gases are technically similar but one may be interested in following 
the dispersion of toxic gases to rather lower concentrations than that of 
flammable gases. The lethal limits of concentration for a common toxic gas 
such as chlorine vary from about 50 mg/m3 to about 5 g/m3 depending on the
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TABLE A 1. WEIGHT OF TOXIC CHEMICAL REQUIRING CONSIDERATION 
AS A FUNCTION OF DISTANCE

Distance (km) ......................  0.5 1.0 1.5 4.0 8.0

Weight ( t ) ..............................  >0.04 >0.18 >0.40 >6.00 >30.00

duration of exposure, ranging from about 10 hours to 6 seconds, respectively; 
this is a range of volume concentration from roughly 0.01% to 1%. The 
flammable limits of many hydrocarbon gases are about 1%.

For both toxic and flammable gases, in selecting the coefficient of atmos
pheric dispersion from the Safety Guide just mentioned, attention has to be paid 
to the influence of the buildings of the facility releasing the gas by introducing 
a building wake adjustment factor in the Dispersion Equation in conjunction 
with the appropriate diffusion coefficients for the type of terrain in question.
In particular, the roughness of the terrain, e.g. whether there is a large over
water fetch, treeless plains, forested land, or mountainous areas, has to be 
considered in selecting the appropriate diffusion coefficient.

AIII-2. Toxic gases

AIII-2.1. Preliminary evaluation

For the preliminary estimation required in sub-section 8.2. (2) of this Guide 
the values given in Table A 1 may be used [15]; these values are based on the 
following assumptions:

(1) Toxicity limit of the gas 50 mg/m3 (this can be used for chlorine 
whose toxicity limit (45 mg/m3) is very close to this figure)

(2) Air exchange rate of the control room 1.2 volume/hour (this is a 
typical value and may be adopted when the design value is not 
available)

(3) Modified Pasquill stability category F with wind speed 1 m/s.
If the toxicity limit and air-exchange rates of the control room are 

significantly different from the assumptions given in items (1) and (2) above, 
simple corrections should be made as follows.

Toxicity limit. The weights presented are directly proportional to the 
toxicity limit. For example, if a particular chemical has a toxicity limit of
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25 mg/m3 the weights given in the table have to be decreased by a factor of 
two. This value could be used for sulphur dioxide, whose toxicity limit 
(26 mg/m3) is very close to this figure.

Air exchange rate. The weights given are inversely proportional to the air 
exchange rate.

AIII-2.2. Detailed calculation o f  cloud diffusion

For the detailed evaluation of sub-section 8.2.5 it is necessary to have a more 
precise assessment of the characteristics of the source term (e.g. flow rate, duration 
of emission, height).

The most probable event, which will be treated first, is the rupture of a pipe 
or valve whose size determines the rate of the release. Usually the dimensions 
of the storage tank and associated piping for toxic gases are smaller than for 
other gases, so the leak rates are not very large. The maximum observed for 
chlorine is 0.5 kg/s [16]. In this example, the source is considered continuous 
and steady. For small rates of release and reasonably long distances from the 
source, density effects are unlikely to be important; here IAEA Safety Series 
No. 50-SG-S3, just mentioned in sub-section AIII-1, may be used.

When the source has been identified it is possible to evaluate the risk by 
weighting the different meteorological conditions according to the frequency 
of stability categories and wind parameters. This may lead to a very sophisticated 
calculation because, for each category, the width of the plume is different and 
therefore the probability of interacting with the plant is different.

Taking into account the uncertainties of the source parameters and of the 
influence of buildings it is enough to assume sufficiently conservative and 
simplified models, usually presented in the form of graphs. The graphs give, for 
example, the concentrations that have the possibility of being exceeded only 
5% of the time. The mean value of the width of the plume may be taken as 
20° to  30°.

The sudden rupture of a tank containing gas is considered as an instantaneous 
emission. A moving cloud will be formed and not a continuous plume. The 
amount of gas contained in the initial puff may be only a fraction of the contents 
of the tank (taken as 25% for chlorine [16]). This initial cloud is considered to 
have a Gaussian isotropic distribution with:

(A l)

where a is the standard deviation, in metres
Q is the quantity released in the initial event, in grams
p0 is the gas density in standard conditions, in grams per cubic metre.
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With these assumptions the model suggested in IAEA Safety Series 
No. 50-SG-S3 may be used for gas clouds of neutral buoyancy. In the abovC 
equation the reflection due to the ground is taken into account.

Ain-3. Flammable gases

AIII-3.1. Sub-cooled liquefied gases

Sub-cooled liquefied gases present complicated problems because the gaseous 
emission is related to the evaporation rate and therefore to  the specific character
istics of the gas involved. This is a relatively new problem and data on past events 
are very limited.

The following three approaches have been considered.
(1) Theoretical approach. Theoretical evaporation rates have been 

calculated as a function of flow of the liquid, heat transfer between liquid and 
ground and thermal conductivity of the ground [17].

(2) Approach based on data from small-scale-model experiment. The 
diffusion of heavy gases o f different densities can be simulated in a wind tunnel 
using a very dense gas like BCF (bromochlorodifluoromethane) mixed with air
in different concentrations. Often, hydraulic simulation is used with salt solutions 
of different densities. In both the gaseous and the hydraulic case the structures 
are scaled carefully. While these studies may show certain interesting qualitative 
aspects of the phenomena (e.g. quasi-laminar flow when wind speed is low), they 
may lead to erroneous conclusions if extrapolated to give quantitative values for 
large scale phenomena.

(3) Approach based on data obtained from field experiments. Experiments 
have been performed in a range which extends from a few tonnes to a few tens
of tonnes of liquefied gas spilled over areas of tens of square metres [18,19]. The 
theoretical calculation of the evaporation rate seems to have been confirmed in 
these experiments within a factor of two.

AIII-3.1.1. Evaluation of sub-cooled liquefied gas sources

Taking into account the uncertainties associated with the assessment of the 
leak rate of the primary liquid source, two simple assumptions can be made:

(1) For small leaks (rupture of a small valve or of a small pipe) it may be 
assumed that all the liquid is evaporated as soon as it is spilled.

(2) If  a tank collapses, it may be assumed that the liquid covers all the 
surface area of the natural or artificial pool and that the rate of 
evaporation is 10 mm during the first minute and then continues at 
the rate of 0.5 mm/min. It is important to  note that this value is
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related to an average value of ground thermal conductivity. It may 
also be assumed that 10% of the total content is released in the initial 
gaseous puff.

The gaseous sources given in items (1) and (2) above may be used as input 
for the models of IAEA Safety Series No. 50-SG-S3 to evaluate the field concentra
tion. However, some simplified methods may be used on the assumed source, on 
the dispersion, and on the meteorological conditions. For continuous releases 
the distance X in kilometres at which the flammability limit may be attained is 
given by the following equation:

X= 2R °'8

or

R = 0.4 X1'25 

where R is the release rate in tonnes per second.

This relationship may be obtained from the results given in different references 
[12,19,20].

For a single puff, the data in the literature are distributed over a large range 
of values. Because of the density of sub-cooled liquefied gases at low temperature 
it may be assumed that the clouds maintain the same height throughout their 
travel time. For the lateral dimension of the cloud the lower limits of the 
standard deviation given in Ref. [21 ] have been selected. With a wind speed of 
about lm/s, for a distance X at which the concentration is still higher than 
the flammability limit the following relationship is obtained:

X = 0.22 T0-45

or (A3)

T =  30 X2'2

where X is in kilometres and T is the total release in tonnes.

These formulae are valid for a flammability concentration of 35 g/m3, which 
is the case for methane. For other values of ignition limits the total amount of 
gas which can be released or the release rates below the threshold which would 
cause potential ignition at a distance X are directly proportional to the 
flammability limit value.

(A2)
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Sometimes a more simple rule-of-thumb method, which has not been 
demonstrated as being conservative, is used. It gives the distance of ignition 
X for the gas as:

X = 20 (A4)

where X and A are in coherent units, e.g. X in kilometres and A, the area of the 
liquid pool, in square kilometres.

This is an envelope of what has been observed [18] or calculated [ 19].

AIII-3.2. Compressed gases

The subject of compressed gases should be considered with particular 
attention because they have caused many severe accidents. For example, it was 
reported that a propane cloud ignited 400 m from its source [12] and a butane 
cloud at 100 m from its source [22],

The models presented in IAEA Safety Series No. 50-SG-S3 are suitable for 
those cases where density effects are not significant. The simple formulae 
presented in the previous sub-section may also be used. However, they represent 
here an even more conservative approach than in that sub-section. When density 
effects are significant, other methods have to be used [23, 24].

If a tank is ruptured, the amount o f gas in the initial puff is assumed to be 
some large fraction of the total contents and the initial cloud is assumed to 
have Gaussian isotropic distribution with a standard deviation given by Eq. (Al).

Annex IV 
FIRE

Serious fires are usually large, in which case it is to be assumed, in determining 
the design basis parameter, that the thermal flux is inversely proportional to the 
distance from the fire although other factors might change this relationship.

Values of thermal flux as a function of distance and type of burning material 
are given in Ref. [19].

The ignition distance for dry wood depends on many parameters such as 
wind speed and nature of fuel, but for a very preliminary evaluation it can be 
taken as A1/2, where A is the area of fire. Therefore, if the distance between the 
postulated fire and the flammable material is several times larger than A1/2, 
additional protection against the heat flux is not needed if the flammable 
material is less sensitive to fire than dry wood.
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The design basis parameter for the combustion products could be the 
concentration at the plant. However, reliable estimates of the concentration 
are difficult to make. In some cases it may be assumed that the buoyant hot 
gases rise to such a height over the fire that there would be no hazard to the 
plant. But this assumption is not valid if there are sustained high winds. In 
some situations the probability of the occurrence of high winds and their 
direction can be taken into account in deriving a design basis.
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DEFINITIONS
The following definitions are intended for use in the NUSS programme and 

may not necessarily conform to definitions adopted elsewhere for international 
use. Items marked with an asterisk are specific to the present Guide. The others 
are taken from the list of definitions included in the approved Codes of Practice 
published under the NUSS programme.

Design Basis External Man-Induced Events

External man-induced events selected for deriving design bases (see Design 
Basis for External Events).

Design Basis for 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.

* Interacting Event

An event or a sequence of associated events which, interacting with the 
Nuclear Power Plant, affect plant personnel or Items Important to Safety in a 
manner which could adversely influence Safety.

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;1

(2) those structures, systems and components which prevent anticipated 
operational occun-ences from leading to accident conditions;

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

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

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 power plant siting, construction, commissioning, operation 
and decommissioning or specific aspects thereof.2

Safety

Protection of all persons from undue radiological hazard.

* Screening Distance Value (SDV)

The distance value used for preliminary screening purposes, beyond which 
the potential sources of a particular type of external man-induced events can 
by ignored.

* Screening Probability Level (SPL)

The probability value of occurrence per annum of a particular type of 
Interacting Event below which such an event can be ignored for preliminary 
screening purposes.

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

Ultimate Heat Sink

The atmosphere or a body of water or the groundwater to any or all of 
which residual heat is transferred during normal operation, anticipated operational 
occurrences or accident conditions.
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PROVISIONAL LIST 
OF NUSS PROGRAMME TITLES

Safety Series 
No.

Provisional title Publication date 
of English version

1. Governmental organization

Code o f  Practice

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

Safety Guides
50-SG-G1 Qualifications and training of staff

of the regulatory body for nuclear 
power plants

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

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

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

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

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

50-SG-G9 Establishment of regulations and
guides by the regulatory body for 
nuclear power plants, and their 
purpose

Published 1978

Published 1979

Published 1979

Published 1980

Published 1980
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Safety Series Provisional title
No.

Publication date
of English version

Code o f  Practice 
50-C-S

Safety Guides 
50-SG-S 1

50-SG-S2

50-SG-S3

50-SG-S4

50-SG-S 5

50-SG-S 6

50-SG-S7

50-SG-S9
50-SG-S10A

50-SG-S10B

2. Siting

Safety in nuclear power plant siting

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

Published 1978

Published 1979

Published 1979 

Published 1980 

Published 1980
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Safety Series Provisional title
No.

Publication date
of English version

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

nuclear power plant siting, 
excluding tropical cyclones

50-SG-S 11B Design basis tropical cyclone
for nuclear power plants

50-SG-S 12 Radiological protection aspects of
nuclear power plant siting

3. Design

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

plants

Safety Guides 

50-SG-D 1

50-SG-D2

50-SG-D3

50-SG-D4

50-SG-D5

50-SG-D6

Safety functions and component 
classification for BWR, PWR 
and PTR
Fire protection in nuclear power 
plants
Protection system and related 
features in nuclear power plants
Protection against internally 
generated missiles and their 
secondary effects in nuclear 
power plants
Man-induced events in relation to 
nuclear power plant design
Ultimate heat sink and directly 
associated heat transport systems for 
nuclear power plants

Published 1978

Published 1979

Published 1979 

Published 1980 

Published 1980
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Safety Series Provisional title
No.

Publication date
of English version

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

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

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

protection for nuclear power 
plants

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

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

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

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

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

4. Operation

Code o f  Practice

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

Safety Guides

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

Publication date
of English version

Safety Guides (cont.) 

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

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

50-SG-04 Commissioning procedures for
nuclear power plants

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

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

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

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

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

and associated services for 
nuclear power plants

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

S. Quality assurance

Code o f  Practice

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

Published 1980 

Published 1979 

Published 1980

Published 1978
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Safety Series Provisional title
No.

Publication date
of English version

Safety Guides 
50-SG-QA 1

50-SG-QA2

50-SG-QA3

50-SG-QA4

50-SG-QA5

50-SG-QA6

50-SG-QA7

50-SG-QA8

50-SG-QA10

50-SG-QA 11

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 procurement, 
design and manufacture of nuclear 
fuel assemblies
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