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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 o f the century.

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

Since its inception the nuclear energy industry has maintained a safety 
record second to none. Recognizing the importance o f this aspect o f nuclear 
power and wishing to ensure the continuation o f this record, the International 
Atomic Energy Agency established a wide-ranging programme to provide the 
Member States with guidance on the many aspects of safety associated with 
thermal neutron nuclear power reactors. The programme, at present involving the 
preparation and publication o f about 50 books in the form o f Codes o f Practice 
and Safety Guides, has become known as the NUSS programme (the letters being 
an acronym for Nuclear Safety Standards). The publications are being produced 
in the Agency’s Safety Series and each one will be made available in separate 
English, French, Russian and Spanish versions. They will be revised as necessary in 
the light 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 o f Participants, who have given their time and efforts 
to help in implementing the programme. Sincere gratitude is also expressed to the 
international organizations that have participated in the work.

The Codes of Practice and Safety Guides are recommendations issued by the 
Agency for use by Member States in the context o f their own nuclear safety 
requirements. A Member State wishing to enter into an agreement with the, 
Agency for the Agency’s assistance in connection with the siting, construction,
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commissioning, operation or decommissioning o f a nuclear power plant will be 
required to follow those parts o f the Codes 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 o f 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 o f power. The present publication is brought 
out within this framework.

A Senior Advisory Group (SAG), set up by the Director General in September 
1974 to implement the programme, selected five topics to be covered by Codes of 
Practice and drew up a provisional list of subjects for Safety Guides supporting the 
five Codes. The SAG was entrusted with the task of supervising, reviewing and 
advising on the project at all stages and approving draft documents for onward 
transmission to the Director General. One Technical Review Committee (TRC), 
composed o f experts from Member States, was created for each of the topics 
covered by the Codes o f Practice.
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In accordance with the procedure outlined in the above-mentioned IAEA 
document, the Codes o f Practice and Safety Guides, which are based on docu
mentation and experience from various national systems and practices, are first 
drafted by expert worjcing groups consisting o f two or three experts from Member 
States together with Agency staff members. They are then reviewed and revised 
by the appropriate TRC. In this undertaking use is made 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 o f these comments, and after further review by the 
SAG, the drafts are transmitted to the Director General, who submits them, as 
and when appropriate, to the Board of Governors for approval before final 
publication.

The five Codes of Practice cover the following topics:

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

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

The Safety Guides are issued to describe and make available to Member 
States acceptable methods o f implementing specific parts of the relevant Codes 
o f Practice. Methods and solutions varying from those set out in these Guides 
may be acceptable, if they provide at least comparable assurance that nuclear 
power plants can be operated without undue risk to the health and safety o f the 
general public and site personnel. Although these Codes 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 o f fissile and radioactive materials and o f a nuclear power 
plant as a whole is mentioned where appropriate but is not treated in detail. 
Non-radiological aspects of industrial safety and environmental protection are not 
explicitly considered.
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When an appendix is included it is considered to be an integral part o f the 
document and to have the same status as that assigned to the main text o f the 
document.

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

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

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

1.1. General

This Safety Guide was prepared as part o f the Agency’s programme, referred 
to as the NUSS programme, for establishing Codes of Practice and Safety Guides 
relating to nuclear power plants. It supplements the Agency’s Safety Series 
No. 50-C-S, entitled “ Safety in Nuclear Power Plant Siting: A Code of Practice” , 
and suggests the most up-to-date methods and procedures to adopt when consider
ing earthquakes and associated topics for nuclear power plant siting.

It is emphasized that some parts o f these procedures and recommendations 
could be impracticable in some areas o f the world, depending upon the difficulty 
and complexity o f the problems, the severity of potential earthquakes, and the 
availability of engineering solutions.

Preliminary investigations o f the phenomena treated in this Guide should 
be performed for the purpose of deciding which phenomena are more relevant 
for a particular part of the world. These preliminary investigations should form 
the basis for engineering judgements concerning the allocation o f resources for 
applying the advanced methods and procedures discussed in the Guide for each 
of the specific phenomena.

Engineering solutions are generally available to mitigate (through nuclear 
power plant design) the potential vibratory effects o f earthquakes. It is usually 
difficult, however, to demonstrate that such solutions are available to mitigate the 
effects arising from significant surface faulting, severe subsidence, or ground 
collapse. For this reason it may be prudent to select an alternative site when the 
potential for significant surface faulting, severe subsidence or ground collapse 
exists at the site.

1.2. Scope

The main emphasis o f the Guide is on the determination o f the design basis 
ground motions for the nuclear power plant and on the determination o f the 
potential for surface faulting at the site. Additionally, the Guide treats initiation 
of seismically induced flooding and the ground failure phenomena o f subsidence 
and collapse. Volcanic activity is not dealt with except in connection with 
tsunamis.

The methods and procedures discussed in this Guide should be taken as 
the basis for the design o f seismically safe nuclear power plants and are primarily 
suited to areas of high and medium seismicity; for areas of low seismicity the 
Guide may not be applicable in its entirety and may need to be supplemented 
by other methods.

1
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2. GENERAL CONSIDERATIONS ON 
INFORMATION AND INVESTIGATIONS

If the preliminary investigations just mentioned in sub-section 1.1 indicate 
the need to consider earthquake or other ground motion phenomena in establish
ing design bases, the geological and seismological characteristics o f the region 
should be investigated together with the geotechnical characteristics of the site 
area. The scope and detail of the information to be collected and the investigations 
to be undertaken should be sufficient to determine the vibratory ground motions 
to be expected at the site from earthquakes, to define the characteristics of 
faulting at or near the site, to determine the potential for seismically induced 
flooding, to establish the foundation properties of the site area, and to define 
seismic and geological hazards at or near the site, so that the corresponding 
engineering design bases can be established. The size o f the region to be 
investigated, the types o f information to be collected and the scope and detail 
of the investigations to be undertaken will be determined to a large extent by 
the nature and complexity o f the geological, seismological and geotectonic 
aspects o f the region. Investigations should include a review o f the available 
literature and field and laboratory investigations as appropriate.

2.1. Preliminary investigations

In the various preliminary stages o f site selection such as site survey and site 
screening, attention should be given to two categories of the site features related 
to earthquakes:

(1) Features that can have direct influence on the acceptability of the site
(2) Features of the site that can substantially influence the severity o f the 

design basis earthquakes and other design basis phenomena such as 
tsunamis.

2.1.1. Site features influencing the acceptability o f  the site

The characteristics related to earthquakes which can have an influence on 
the acceptability o f the site are the following:

(1) Capable faults
(2) Karstic phenomena
(3) Slope instability
(4) Liquefaction
(5) Subsidence.

2

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



Even at the preliminary stage a careful analysis o f the geology of the site 
and the region should be prepared. Preliminary investigations should include 
field investigations at the site, examination of relevant geological and geo
physical maps as well as any available data from remote sensing equipment. The 
results o f such investigations, particularly those relating to the phenomena that 
could have an influence on the site acceptability and on the availability of 
engineering remedies, should be taken carefully into account before proposing 
the site for further study and for deciding on further investigations for a given site.

2.1. 2. Site features influencing the severity o f  the design basis event

A preliminary estimate o f the seismic activity of the site area should be 
obtained from conventional seismic zoning maps and from maps or catalogues 
of past earthquakes. Preliminary investigations should also be made of the 
history of past tsunamis for coastal areas. The results o f such studies should be 
taken into account in comparing different sites and in making decisions on further 
investigations.

2.1.3. Low seismicity

If the results of these preliminary investigations show that there is no 
potential in the region for an earthquake more severe than modified Mercalli 
Intensity Scale VI or equivalent, the methodology that follows is not applicable 
in its entirety and may need to be supplemented by other methods as appropriate.

3. INFORMATION, INVESTIGATIONS AND 
METHODS FOR EVALUATING 

A DESIGN BASIS FOR EARTHQUAKES

3.1. Information and investigations on earthquakes

Historical and instrumental earthquake data should be collected.

3.1.1. Historical data

A major part o f the information for determining the design basis earthquakes 
is a complete set o f historical earthquake data. Therefore it is necessary that the 
available historical records be collected, extending as far back in time as possible. 
Most o f these historical records will naturally be of a descriptive nature, including 
such information as the number o f houses damaged or destroyed, the behaviour

3
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o f population, etc. But from such information a measure of the intensity scale 
value o f each earthquake in modern macroseismic intensity scale values may be 
determined.

No particular intensity scale is recommended for general use since it will be 
most convenient to retain the intensity scale that is normally used in the country. 
Care should be taken however to adjust the intensity scale values to allow for 
changes, including changes in the type of construction which may have occurred 
between the time of earlier and later historical records.

In estimating intensity scale values for historical earthquakes, account should 
be taken o f the fact that information obtained from old chronicles and individuals 
who may have experienced the event shows a tendency to exaggerate the 
importance of damage and other phenomena associated with earthquakes.

To the extent possible, data should be collected for all historical earthquakes 
within a region that includes the seismotectonic province of the site. This usually 
requires consideration of an area the radius of which depends upon the charac
teristics o f the region; this radius is usually taken as several hundred kilometres. 
The data to be obtained are:

(1) Intensity scale value at the epicentre or maximum intensity scale value,
as appropriate

(2) Intensity at the site area
(3) Isoseismal maps
(4) Magnitude
(5) Location of the epicentre, and, if known, the hypocentre.

Intensity scale values, building damage, and ground effects data, in conjunc
tion with a knowledge o f local faults, should be used to the extent possible to 
determine the epicentre and magnitude o f each historic, non-instrumented 
earthquake [1],

3.1.2. Instrumental and reported data

All available earthquake information derived from instrumental recordings 
in the region should be collected. For most areas o f the world there has been 
reasonably uniform capability to locate earthquakes only since 1962. But 
instrumental recordings of major earthquakes are available extending back in 
time more than 60 years. To the extent that it is available, the following 
information should be collected:

(1) Locations of epicentre and hypocentre
(2) Origin time
(3) Magnitude

4
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(4) Aftershock zone
(5) Maximum reported intensity scale value
(6) Isoseismal map
(7) Ground motion intensity at the site area
(8) Other available information that may be helpful in evaluating

seismotectonics.

In some seismotectonic areas o f unusual geological complexity, such as 
those having complex neotectonics or where unreliable seismicity data exist, 
it may be necessary to supplement the available historical and instrumental data on 
earthquakes. When a nuclear power plant is to be located in such an area, it may 
be useful to operate a network of sensitive seismographs having microearthquake 
recording capability within a few tens of kilometres o f the site. Microearthquakes 
recorded within and near the network should be carefully located for use in 
seismotectonic studies o f the region and in determining the appropriate design 
basis ground motions. However, it should be noted that some active faults may 
be quiescent to microearthquake activity over substantial periods of time. A 
period o f several years may be required to obtain adequate data for seismotectonic 
interpretations [2j. This type of data is also useful for the probabilistic approach 
described in sub-section 3.3.5.

Strong motion recordings are available for some parts of the world. These 
recordings should be collected and used in developing seismic wave attenuation 
functions appropriate for use in the region and in developing the design response 
spectra for the proposed nuclear power plant. Where there is a reasonable 
expectation o f obtaining recordings not otherwise available, strong-motion 
accelerographs should be installed within the site area.

3.2. Geological information and investigations
3.2.1. Regional geological investigations

The main purpose o f the regional geological information to be collected and 
investigations to be undertaken is to provide the knowledge of the general 
geological setting and tectonic framework of the region that is needed for inter
preting the earthquake data and for defining the seismotectonic provinces. The 
information should also be used to identify the types of geological hazards that 
exist in the region and these hazards should be given careful study in relation to 
the seismic and geological investigations o f the site area and site vicinity described 
in this sub-section (3.2). The following regional-scale information should be 
obtained:

5
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(1) Characteristics o f  the ground. Where there are geological maps special 
attention should be given to identifying lithologic units — e.g. 
crystalline, volcanic, sedimentary, alluvial.

(2) Stratigraphy. Superposition and age of strata, their lateral extent, and 
possibly their depth, thickness and relationship to one another should 
be investigated.

(3) Regional tectonics. Special attention should be given to faults. 
Topography and geomorphology may be useful for showing possible 
recent ground displacements. Consideration should also be given to 
the tectonic style of the region, e.g. horizontal continuity of strata, 
folding and faulting. The tectonic history should be considered, 
particularly the age of folding and faulting.

(4) Characteristics o f  tectonic features. Style and type of faulting in the 
region and large faults associated with seismotectonic provinces should 
be described. The length, depth, strike, and dip o f faults; structural 
relationships among faults; and their age and history o f movements 
should be studied for information on the possible presence of seis
mically active or capable faults. Particular attention should be given 
to the evaluation o f Quaternary deposits and detailed neotectonic 
studies should be carried out.

(5) Subsurface characteristics. Where there is no surface manifestation 
of baserock, and where appropriate data exist, a structural map of the 
baserock surface (hypogeological map) may be prepared. Information 
available from regional geophysical investigations, such as seismic, 
gravimetric, and magnetic prospecting, should be used to obtain the 
necessary subsurface details. This map may permit a determination of 
possible relationships between historic earthquake activity and deep 
tectonic structures, which may lack a direct expression at the surface.

Most o f the above data should be presented on geological maps. Regional 
geological data will usually be obtained from published sources. An extensive 
use of remote sensing data, such as from satellite photographs, side-scan radar, 
aerial photographs, aeromagnetics, and gravimetrics, is recommended. Where 
published information is insufficient it may be necessary to perform field 
investigations, such as boring, trenching, and seismic prospecting using reflection 
and refraction methods, particularly in some areas of unusual geological complexity, 
to supplement the published information on regional geology and to aid inter
pretation o f the remote sensing data.
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3.2.2. Site area and site vicinity geological investigations

A special detailed investigation of the geology o f the site area and the 
site vicinity should be conducted to identify tectonic structures that might localize 
earthquakes in the site area, to establish a basis for determining the age of move
ment of faults that may be present, to identify geological hazards, such as karstic 
phenomena or subsidence, that may affect safety, and to determine seismic 
energy transmission characteristics of the site area.

Local geological conditions and physical conditions, such as properties of 
soils, can influence ground motion characteristics at the site and can consequently 
modify the effects observed elsewhere. That is, for the same baserock input the 
characteristics o f the output seismic waves travelling through a stratified medium 
are determined among other factors by the energy transmission and dissipative 
properties and geometry o f the strata. Observations of past earthquakes indicate 
that a correlation exists between the depth and softness o f soil cover such as 
alluvium, and the intensity o f ground motion at the surface. In view o f the 
complexity of these phenomena and their mutual interaction, detailed local 
investigations are usually necessary. The following investigations should be 
carried out:

(1) A determination o f the geological and physical characteristics, such as 
thickness, depth, and mechanical properties o f strata in the site area.

(2) An assessment of the local tectonics, including the presence of faults 
on or beneath the surface of the site vicinity and their geometry, such 
as length, inclination and, where possible, depth. The structural 
relationship of local faults to regional faults, particularly to active or 
capable faults, and correlation with historical earthquakes should be 
assessed.

Field and laboratory investigations as described in the following paragraphs 
should also be performed. Careful consideration should be given to establishing 
and maintaining an adequate quality assurance programme for some of the 
investigations discussed in this section.

3.2.2.1. Site vicinity investigations

The general geological and geomorphological characteristics of the area 
where a nuclear power plant is to be built should be examined. Geomorphological 
features, such as the nature of undulations and the inclinations of the ground 
surface, the conditions o f streams, the patterns o f erosion, the kinds of vegetation, 
and the conditions of drainage, or exposed rocks, may provide initial indications 
of the geological structure.
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In addition to the surface observations the following investigations should 
be considered for the purpose o f investigating the site vicinity:

(1) Investigations using elastic waves induced by artificial means (seismic 
methods). Seismic reflection and refraction tchniques are the most 
effective means of obtaining information on subsurface conditions 
including the area baserock. Thickness and dynamic material properties 
of each stratum can be determined by making use of the different 
propagation velocities o f elastic waves (compressional and shear waves).

Such seismic methods can also have a specialized use, particularly 
in areas of complex geology, to determine with reasonable accuracy 
the seismic wave velocities in different azimuthal directions. This 
information is useful for determining precisely the epicentral locations 
of instrumentally recorded earthquakes and the locations o f seismically 
active faults when local earthquake monitoring is conducted.

(2) Measurements o f  ground vibration characteristics. It is possible to 
determine vibratory characteristics by special measurements. This can 
be done by placing instruments on the surface and in the ground to 
measure free-field earthquakes and microtremors o f the region. The 
predominant natural frequency o f the ground and the amplitude ratio 
between various surfaces and the bedrock can be determined in 
addition to the nature o f seismic waves in the area. The results can be 
used for reference purposes to select the earthquake ground motion to 
be used for dynamic analysis of the nuclear power plant. Due considera
tion should be given to the differences in the level o f strain caused by 
small earthquakes and microtremors and that caused by strong 
earthquakes. Vibratory characteristics o f the ground can sometimes
be inferred from non-instrumental data.

(3) Microearthquake studies. Microearthquake studies could be conducted 
in accordance with the methods and procedure described in sub
section 3.1.2 to assist in seismotectonic interpretation.

3.2.2.2. Site area investigations

A nuclear power plant, especially the reactor building, can exert loads on 
the underlying bearing stratum that can result in stresses as large as several 
hundred kilopascals. If the bearing stratum fails to remain stable during an 
earthquake, the stresses induced in the structure, piping systems, etc. as a result 
of foundation displacements might quickly reach the level where failure could 
occur. If preliminary investigations show the need for detailed foundation
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analysis because of earthquake potential, after the selection of the site but before 
the final layout and design o f buildings and structures is completed, the following 
investigations should be conducted with due consideration being given to the 
proposed design o f the nuclear power plant [3]:

(1) Foundation investigations. Local foundation investigations and 
laboratory tests should be conducted to determine the thickness, 
depth, and static and dynamic properties o f the different subsurface 
layers (namely, Poisson’s ratio, Young’s modulus, shear modulus, 
density, relative density, shear strength, and consolidation and swelling 
characteristics).

(2) Borings. For moderately shallow soil strata,1 the configuration o f the 
bedrock, and in some cases the baserock, can be determined by borings. 
Borings1 provide means of exploration and access for obtaining 
samples of subsurface materials. As borings are made, samples should 
be taken at frequent intervals and where changes in material properties 
and strata occur. Depending on the number and distribution of borings, 
and the complexity of subsurface conditions, borings may be used to 
assess local foundation conditions and provide additional information 
on geological structures in the site area.

(3) Test excavations. When bearing strata and/or bedrock properties and 
structure cannot be clearly determined by either seismic methods or 
boring, a test excavation, trench, shaft or tunnel should be made. The 
practicability of such excavations is dependent upon the characteristics 
of the bearing strata and the depth of the bedrock. Such excavations 
have been made to depths o f several tens o f metres below the ground 
surface.

(4) Vibration testing o f  models. The natural vibration frequencies of 
buildings, structures and equipment are influenced by the properties 
o f the bearing strata under the foundation of the facility. The system 
consisting o f buildings, foundation, and bearing strata can reasonably 
be modelled analytically by using closed form compliance function 
methods [4], or by discrete lumped masses supported by base springs 
in which the vibration characteristics depend on the stiffness properties 
o f the supporting media, or by finite elements which represent both 
stiffness and masses as well as boundary characteristics of the structures

1 The depth o f  borings varies with the site cond ition . Depths o f  the order o f  100 m 
have been used fo r  im portant strata.
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and supporting media. Knowledge of the range of effective values of the 
stiffness properties o f the bearing strata in evaluating structural 
response during earthquakes is needed to accomplish this modelling. 
These values are usually estimated from the propagation velocities 
o f elastic waves in the bearing strata. In some cases, however, they 
may be calculated from the resonance curves obtained experimentally 
by means of a vibration machine mounted on a model building con
structed directly on the supporting stratum. In such an experiment 
the stress and strain distribution in the ground differs greatly from that 
of the actual building. Therefore, a careful examination of the scale 
factors of the experiment and the non-linearity of the soil material 
characteristics must be made in order to obtain an evaluation o f the 
range o f uncertainty of the testing method.

The known geological characteristics of the region should control the extent 
and nature o f the investigations described in this section.

3.3. Methods for deriving design basis ground motions

3.3.1. Introduction

Design basis ground motions shall be evaluated for each site. Two levels of 
severity are usually specified, SI and S2 (see sub-section 3.3.7). A purely 
probabilistic or a combined probabilistic and seismotectonic approach should be 
used for evaluating the SI. The evaluation of the S2 should be based on the 
seismotectonic approach and on the history of earthquakes in the region. (See 
sub-section 4.7.3 of the Code of Practice on Safety in Nuclear.Power Plant Siting, 
IAEA Safety Series No. 50-C-S).

Seismotectonic techniques consist of:

(a) Identifying the region, the seismotectonic provinces, the seismically 
active structures and their maximum earthquake potential

(b) Evaluating the design basis ground motions produced at the site by the 
occurrences o f this maximum earthquake potential at the nearest point 
to the site on the seismically active structure or at the borders o f the 
seismotectonic provinces. If the seismically actiye structure is close to 
the site the physical dimension o f the source may, if possible, be taken 
into account.

3.3.2. Identification o f  seismotectonic provinces

Usually, the purpose of seismotectonic studies is to define geographical 
regions within each of which similar earthquake potential exists.
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For the region those seismotectonic provinces should be determined that 
can have a bearing on the definitions of the SI and S2 ground motions for the 
site (see sub-section 3.3.7). The seismotectonic provinces will be the areas 
identified by similarity of geological structures and o f the characteristics of the 
seismicity.

The seismic and geological data discussed in previous sections should be 
developed into a coherent well-documented description of the regional tectonic 
characteristics. Those characteristics of tectonic structure, tectonic history and 
present-day earthquake activity which distinguish various seismotectonic provinces 
should be listed. For example, a seismotectonic province boundary may separate 
areas showing strongly contrasting tectonic framework, areas having different 
contemporary stress, or areas having greatly different late Tertiary and Holocene 
tectonic histories.

A number of precautions should be observed in defining the boundaries of 
seismotectonic provinces. All the structures in a contiguous area having the same 
seismotectonic or geological style should be included in the same province. Each 
tectonic structure relevant to the seismicity should in its entirety lie within the 
same seismotectonic province. When there is doubt that one structure is a 
continuation o f another, then both should be considered as one structure and 
consequently the province should be considered as extending to contain both.

In some areas of the world the boundaries of lithospheric plates present a 
special problem. For example where the mode o f plate interaction is subduction, 
the lower (subducting) plate will generally be considered a separate seismotectonic 
province from the upper (crustal) plate. It has been demonstrated [5] that 
different sectors o f plates have different potential for maximum earthquakes. 
These also may be considered distinct seismotectonic provinces.

Significant differences in rates of seismicity may suggest different tectonic 
conditions that can be used in defining seismotectonic provinces. The length of 
time during which historical data are available should be long enough to 
demonstrate that conclusions based on these data are reasonable. However, 
significant differences in hypocentre depth (e.g. 10—30 km versus 200 — 400 km) 
may alone justify the differentiation.

Alternative interpretations of the seismotectonics of the region that may be 
found in the available literature sources should be analysed. When alternative 
interpretations are judged to explain the observed seismic and geological data 
equally well the interpretation that results in the more conservative assessment 
o f the potential ground motion at the site area should be used.

3.3.3. Association o f  earthquakes with seismically active structures and 
seismotectonic provinces

The fundamental data needed for associating earthquakes with tectonic 
structure and seismotectonic provinces must be collected and properly prepared.
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3.3.3.1. Association of earthquakes with seismically active structures

Whenever an earthquake epicentre or a group of earthquake epicentres can 
be reasonably associated with a tectonic structure, the rationale for the association 
should be given together with consideration o f the characteristics of the structure, 
its geographical extent and its structural relationship to the regional tectonic 
framework. This assessment should include consideration of methods used to 
determine the earthquake epicentres and an estimate of the errors in their 
locations. A detailed comparison of these tectonic structures with others in the 
same seismotectonic province with regard to factors such as age of origin, sense 
of movement, and history of movement should be made. Other available 
seismological information such as source mechanisms, stress environments and 
aftershock distributions should also be evaluated. Tectonic structures with which 
significant seismicity is correlated should be considered seismically active.

3.3.3.2. Maximum earthquake potential associated with seismically active 
structures

For seismically active structures, which are pertinent to determining the 
earthquake potential for the site, the maximum earthquake potential that can 
reasonably be expected in association with these structures should be determined.

The geological and seismological data discussed above and relating to the 
dimensions of the structure, amount and direction o f displacement, maximum 
historical earthquake, and earthquake frequency should be used in this deter
mination. The dimensions of fault rupture in an earthquake can often be 
determined from the distribution of aftershocks. In the absence of suitable local 
data, the maximum earthquake potential for a tectonic structure can be estimated 
on the basis of such methods as those given in Refs [6 — 8], which relate the 
dimensions (length and vertical extent, displacement) of the fault rupture to 
the magnitude. However, to use these relationships the fraction of the total 
length o f a structure which can move in a single earthquake should be known.
A value of about one half o f the total fault length has been assumed in certain 
regions o f the world.

When applying this methodology, it should be remembered that earthquake 
magnitude is a function o f both the source dimensions and the stress drop. Stress 
drop usually will not be known, but reasonable upper bound values based on 
available published studies (e.g. Ref.[9]) may be used.

An alternative method for estimating the maximum earthquake potential 
for a seismically active structure or for a seismotectonic province has been 
described [10]. This method is based mainly on the statistical analysis o f earth
quake data associated with the structure or province.

When sufficient information about the seismicity and geological history of 
the movement o f a fault or fault zone is available, a method exists for evaluating
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the maximum magnitude potential from total area and maximum fault slip in 
the Quaternary Period [11]. In this method the usual hypothesis is made for the 
statistical distribution o f the number o f earthquakes as a function o f their magni
tude. The slip is then correlated with seismic moment and therefore with the mag
nitude. Finally, from the total slip the maximum magnitude may be estimated.

3.3.3.3. Earthquake not associated with seismically active structures

The maximum earthquake potential, not associated with tectonic structures, 
that can be reasonably expected with a very low probability in the tectonic 
province should be evaluated on the basis of historical data and of the seismo
tectonic characteristics of the region. Comparison with similar regions where very 
extensive historical data exist may be useful, but considerable judgement is needed 
for this evaluation.

3.3.4. Evaluation o f  ground motion at the site

For the evaluation of the ground motion at the site one of two methods is 
normally used: one is based on intensity value and the other on magnitude value.

3.3.4.1. Intensity method

The intensity method is adopted when the earthquakes are defined in terms 
of epicentral intensity. In this case attenuation relationships in terms o f intensity 
are derived from the isoseismal maps of past earthquakes in the region. It is very 
important to have a representative sample of such maps for earthquakes o f the 
region to evaluate the dispersion of the data. Comparison of the curve derived 
from the region with existing curves evaluated in a similar geological region should 
be made. After using this method to obtain the intensity at the site, the maximum 
ground acceleration or velocity corresponding to each design basis earthquake 
should be obtained with proper acceleration intensity curves [12 — 16]. The data 
are usually very dispersed and it is recommended that this dispersion be taken 
into consideration when selecting the appropriate relationship. The adequacy 
of the relationship for the region should also be assessed.

3.3.4.2. Magnitude method

The magnitude method is adopted when the earthquakes are defined in 
terms of magnitude. In this case relationships exist which giye the ground motion 
parameters (peak ground acceleration or velocity usually) as a function of 
magnitude and distance from the site to the seismic source or to the fault 
[12, 17 — 21 ]. The data are usually very dispersed and it is recommended that
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this dispersion be taken into consideration when selecting the appropriate 
relationship. It is also very important to ensure that the relationship reflects the 
large amount of data that have recently been collected. The adequacy of the 
relationship for the region should be assessed. The maximum ground velocity 
or acceleration to be used for the design basis of the site is evaluated on the basis 
of the earthquake magnitude and distance from the source.

3.3.4.3. Application of the methods

In applying either of these methods, it should be noted that the ground 
motion observed at a site is not completely specified by a single parameter. It 
may be dependent on intensity, magnitude, source mechanism, distance from 
the source, site and transmission path characteristics, and duration. In selecting 
response spectra for use in design of nuclear power plants, all these factors should 
be considered along with the fact that different earthquakes may produce the 
largest response in different frequency ranges. Furthermpre, in selecting the 
relationships for use in determining ground motion intensity, it should be 
recognized that extreme peaks in ground motion at high frequencies have been 
described near the fault rupture in some of the cited references. Though the 
relationships have been influenced by these peaks, such peaks are frequently not 
as significant to nuclear power plant design as sustained motion at lower levels.

3.3.5. Probabilistic approach

3.3.5.1. Simple probabilistic approach

The objective of the probabilistic approach is to determine the level of 
ground motion that has an acceptably low probability of being exceeded during 
the operating life of the plant. This requires a basic data sample of the intensity 
of ground motion experienced in the region from historical earthquakes and also 
an acceptable probabilistic model. A number of mathematical models for 
determining earthquake probabilities have been proposed (e.g. Ref.[10]). In 
general, for applying the models, the requirements for the data samples are such 
that they cannot be completely fulfilled in most areas of the world. If, however, 
the sample of earthquakes experienced in a region is accepted as being adequate 
(i.e. meeting the requirements of the model), the calculations are relatively 
simple. One method is given in Ref.[22], based on the assumption of the usual 
relationship between number of earthquakes and magnitude. No maximum 
magnitude for the area needs to be hypothesized.

Because the data base is usually limited, a simple probabilistic approach can 
normally be used only in the determination of the S1. Probabilistic considerations
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are usually used in the determination of the S2 only when combined with seismo
tectonic considerations.

3.3.5.2. Probabilistic approach combining statistic and seismotectonic approach

Design basis ground motions can also be determined by using the seismotec
tonic approach combined with the available historical earthquake data; this 
combined approach is composed of steps such as the following [23 — 25]:

(1) A magnitude-frequency law is established, and a maximum magnitude 
is sometimes assumed

(2) Seismic source models are selected (models of point sources, linear 
sources and sources distributed superficially are available). This may 
require a substantial amount of seismotectonic studies

(3) Using an appropriate relationship (the dispersion of which may be 
taken into account) site ground motion intensity is evaluated

(4) The probability of exceeding selected ground motion parameters 
(acceleration, velocity, displacement) is determined for each source

(5) The total probability that the selected ground motion parameters will 
be exceeded is obtained by summing the contribution from each source.

Reference may be made to Annex I, 1.

3.3.5.3. Additional consideration

In calculations of earthquake probability, the confidence level on the 
estimates depends strongly on the time span of the available data sample and to 
a lesser degree on the completeness of the data set. Thus, to make estimates of 
ground motion intensities with an acceptably high confidence level, the data set 
should cover the longest possible time span. This usually requires the use of 
pre-instrumental data, which are known to be incompletely and inaccurately 
reported. An assessment of the completeness and accuracy of the available data 
set should be made and taken into account in making the probability calculations. 
One simple but useful method for assessing the completeness of a data set is 
described in Ref.[26].

When the method described above is used to make the probability calcula
tions it may be desirable to augment the available data set with low ground 
motion intensities measured in the region. This may be important in areas with 
limited historical records. The required data can be obtained by operating a 
microearthquake recording network such as described in sub-section 3.1.2. In 
using microearthquake data, caution should be exercised since data on epicentre 
locations may be inaccurate and there is a tendency for microearthquakes to 
cluster in time.
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3.3.6. Induced seismicity

Special attention should be given to potential for induced seismicity 
particularly that resulting from large dams or reservoirs, or from extensive fluid 
injection into or extraction from the ground. Modification of the stress conditions 
in rocks and on geological structures due to these conditions may produce 
seismic activity. Earthquakes resulting from such phenomena usually have had 
shallow foci and have been located in the vicinity of the reservoir or of the 
injection or extraction area. In the case of reservoir loading, some earthquakes 
have had relatively high magnitude (close to magnitude 6). Usually the larger 
earthquakes have occurred in association with deep reservoirs but no simple rule 
regarding a fixed reservoir depth above which induced seismicity occurs can be 
applied everywhere. Earthquakes associated with fluid injection and extraction 
activity have generally been smaller in magnitude than those caused by reservoir 
loading. Seismic networks in areas where the potential for such a problem exists 
may provide useful information for assessing the significance of induced 
seismicity.

3.3.7. Design basis ground motion

This sub-section describes the procedure for determining the appropriate 
design bases for earthquakes in relation to a particular nuclear power plant.
Several levels of severity of ground motion may be defined for a nuclear power 
plant at a given site. For each level of severity the characteristics of the motion 
should be defined to allow a calculation of the behaviour of the plant according 
to the methods chosen for the design. Several types of motion may be defined, 
according to the various types of earthquake which can affect the site.

As stated in sub-section 3.3.1, two levels of severity of motion should be 
taken into account, level 1 (SI) and level 2 (S2).

The SI is considered to be the maximum ground motion which reasonably 
can be expected to be experienced at the site area once during the operating life 
of the-nuclear power plant. In some countries if the SI level of ground motion is 
exceeded it is compulsory to inspect the nuclear power plant in order to 
demonstrate its ability to resume normal operation.

Design practices that require the determination of an SI differ; however, 
the methods used in its determination are the same.

The S2 level corresponds directly to ultimate safety requirements (see 
sub-section 3.1.4 of the Code of Practice on Safety in Nuclear Plant Siting,
IAEA Safety Series No. 50-C-S). It is considered that this level of ground motion 
has a very low probability of being exceeded and represents the maximum level 
of ground motion to be used for design purposes. Its evaluation may be based 
on seismotectonic considerations, historic earthquake experience in the region, 
and a knowledge of the characteristics of site area geology and soil materials.
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Both the SI and S2 should be defined by appropriate response spectra and 
time histories of motion. The motion should be defined in free field conditions 
at the surface of the ground or at the level of the foundation.

3.3.7.1. Derivation of the SI

The SI is derived on the basis of historical earthquakes that have affected 
the site area. It can be expressed as the ground motion having a defined proba
bility of not being exceeded, and may be derived using a probabilistic approach, 
or the approach may include seismotectonic considerations (combined proba
bilistic and seismotectonic approach).

As an alternative to a rigorous application of probabilistic methods to the 
specification of the S1, it has been common practice in some countries to specify 
the SI as a fraction (e.g. one-half) of the S2, where the S2 is determined by 
rigorous application of a seismotectonic method. Such a method is described in 
the following sub-section 3.3.7.2.

Details of the proposed method for defining the SI may be left to the 
applicant. However, when a proper level of SI is selected and accepted it shall 
be included in the limits and conditions for the operating of plant.

3.3.7.2. Derivation of the S2

The S2 shall be derived on the basis of maximum earthquake potential 
associated with tectonic structures and maximum earthquake potential associated 
with seismotectonic provinces in the region. If different postulated maximum 
earthquakes produce maximum vibratory ground motion at the site at different 
frequencies, the S2 can be described in several ways, as shown in sub-section 3.3.8. 
Each such earthquake should be described in terms of maximum intensity scale 
value or magnitude and other significant parameters, including distance from the 
source to the site area.

An approach similar to that presented in sub-section 3.3.5.2, combining the 
statistic and the seismotectonic approach, may also be used in certain parts of 
the world according to the data available. This approach to determine the S2 is 
not discussed in detail here because it is still under development.

The S2 shall be determined taking into account:

(1) the maximum earthquake potential inside the seismotectonic province 
of the site associated with specific tectonic structures

(2) the maximum earthquake potential inside the seismotectonic province 
of the site not associated with specific tectonic structures

(3) the maximum earthquake potential for the adjoining seismotectonic 
provinces associated with specific tectonic structures
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(4) the maximum earthquake potential for the adjoining seismotectonic 
provinces not associated with specific tectonic structures.

Reference may be made to Annex 1,2.
The evaluation may be performed as follows:

(1) For each seismically active structure the maximum earthquake 
potential should be considered to be moved to the appropriate location 
on the structure closest to the site area. For earthquakes near to the 
site the physical dimension of the source may be taken into account.

(2) The maximum earthquake potential in the seismotectonic province 
of the site that cannot be associated with seismically active structures 
should be assumed to occur at a certain distance from the site. In 
certain countries this distance may be accepted by the regulatory body 
on the basis of studies and investigations which ensure that within this 
distance there are no seismically active structures and, therefore, that 
the related probability of earthquakes occurring therein is very low.
This distance may be in the range of a few to tens of kilometres and 
depends on the focal depth of the earthquakes of the province. In 
evaluating it the physical dimension of the source will also be 
considered [27].

(3) Maximum earthquake potential in seismotectonic provinces adjacent 
to the province of the site should be assumed to occur at the locations 
on the province boundaries nearest to the site.

(4) An appropriate attenuation function should be used to determine the 
ground motion intensity which these earthquakes would cause at the 
site.

In some parts of the world where seismotectonic data are inadequate and the 
procedure described above cannot be used, the following procedure has been 
used for obtaining a preliminary estimate of the S2. First, the maximum 
historical earthquake for the region is determined. The S2 is then defined as 
one or two units of intensity (MSK or Modified Mercalli scale) more than the 
intensity scale value of the maximum historical earthquake (see sections 2 and 3 
of Appendix A). In areas where the historical earthquake record is short, this 
procedure to estimate the S2 may give results which are not reliable.

3.3.8. Design basis ground motion characteristics

In the previous part of this section the derivation of the design basis ground 
motion has been presented. In the following part different methods are presented
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for the characterization of the design basis for the SI and S2, which is usually 
expressed as follows:

(1) Response spectra for various damping coefficients
(2) Time history or histories.

3.3.8.1. Spectral shape appropriate for the site area

The spectral shape of the ground motion is determined according to the 
relative influences of the source spectral characteristics for earthquakes in the 
region and the attenuation characteristics of geological materials which transmit 
the seismic waves from the hypocentres to the site area. In strata above the 
baserock the seismic waves in the free field are amplified or attenuated according 
to the frequency transfer characteristics of the strata and the strain level of the 
vibration. Thus the response spectra of accelerograms of several different 
earthquakes obtained at the same site area at the surface and on baserock have 
different frequency characteristics [28],

The following alternative methods (A and B) are suggested for obtaining 
the design ground response spectra.

(A) Site-specific response spectrum. Wherever possible, response spectra 
should be developed from strong motion time history or histories recorded at 
the site. However, usually an adequate sample of strong motion time histories 
cannot be obtained for the site in a reasonable number of years. Therefore, 
response spectra obtained at places having similar seismic, geological and soil 
characteristics may be useful in establishing the response spectrum specific to 
the site [27, 29], An evaluation should be performed to determine whether 
response spectra obtained at these other places appropriately reflect the site 
area response energy absorption characteristics and the source mechanisms 
generating earthquakes affecting the site. Attention should be drawn to the fact 
that records are usually obtained from lower intensities of ground motions than 
those defined as the SI or S2. Therefore, due consideration should be paid to 
the different frequency characteristics associated with different strain levels of 
the ground motions.

In conclusion the method may be summarized as follows:

(1) Several strong motion accelerograms are collected from the site or more 
probably from similar sites

(2) These accelerograms are properly normalized
(3) The response spectrum for each accelerogram using various damping 

factors is evaluated (see sub-section 3.3.8.2)
(4) The shape of the normalized spectrum is modified, taking into account 

the strain level in the subsurface caused by the ground motion.
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(B) Standard response spectrum. An alternative method uses a standard 
response spectrum with a relatively smooth shape which is generalized for 
application and which has been obtained from many response spectra derived 
from records of past earthquakes. Examples of such spectra are shown in 
Appendix B. However, in certain parts of the world higher values in the high 
frequency field have been observed so that some modifications of this spectrum 
may be required. This standard response spectrum is scaled up to the value of 
ground acceleration, velocity and displacement.

3.3.8.2. Damping

In evaluating the overall margin of safety for seismic considerations it is 
important to evaluate the margins in selecting values for soil and structural damp
ing as well as that in determining the SI and S2. The subject of damping is dealt 
with more fully in the Agency’s Safety Series No. 50-SG-S2, “Seismic Analysis 
and Testing of Nuclear Power Plants: A Safety Guide” .

3.3.8.3. Time histories of earthquake ground motion

Time histories can be developed in connection with the values of the SI and 
S2 determined for the site area. The time histories should account for the 
maximum velocity (or alternatively, maximum acceleration or spectral intensity) 
and the duration or “deterministic intensity function” which represents the 
envelope of the ground motion intensity time history [30— 32].

For design the time histories of vibratory ground motion may be based on:

(1) Strong motion records obtained in the site vicinity from past earth
quakes, or adequate modifications thereto such as adjusting the peak 
acceleration, applying appropriate frequency filters, and combining 
records.

(2) Strong motion records obtained at places having similar seismic, geo
logical and soil characteristics. In some cases these records may need 
appropriate modifications, such as result from applying wave propaga
tion theory to modify frequency characteristics.

(3) Calculational models simulating earthquake ground motion. An 
example is a model resulting from generating random time series by 
computer and filtering out to obtain the specific frequency 
characteristics (e.g. Ref.[31]).

Alternatively, in applying the time history the time increment may be modified 
(see Ref.[33]). Regardless of the procedure used, the design time histories and 
the design response spectra should be compatible. This implies that a sufficient 
number of time histories with pertinent characteristics should be chosen so that
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the envelope of their response spectra does not lie significantly below the 
smoothed design response spectrum throughout the entire frequency range of 
interest.

3.3.8.4. Duration

The duration of an earthquake is determined mainly by the length of the 
fault rupture and the fracture velocity of the rupture. Earthquake magnitude 
can be correlated with duration of shaking. There are some differences in the 
durations predicted by various investigators. The main reason for these differences 
comes from the definition of the duration of earthquakes. For example, if the 
duration of acceleration is defined as the time interval between the onset of 
motion artd the time when the acceleration has declined to 5% of the peak of 
time histories the duration can be estimated analytically in terms of the 
earthquake magnitude [30 — 32, 34, 35]. Whatever correlating function is used, 
it should be justified.

3.3.8.5. Ratio of motion in vertical and horizontal directions

It is recommended that design response ground spectra and design time 
histories for the vertical direction be evaluated by using the same procedure as 
for the horizontal direction. Appropriate vertical time histories may be the basis 
for this evaluation. If no specific information is available on the peak acceleration 
of vertical ground motion at the site, it may be reasonable to assume that the 
ratio of peak acceleration in the vertical direction to the horizontal [32] is 
in the range of 1/2 to 2/3.

An alternative method [36] establishes standard vertical response spectra.
It is based on a statistical analysis of vertical and horizontal response spectra 
ordinates of the same frequency for deriving expected ratios at this frequency 
(Appendix B).

4. POTENTIAL FOR SURFACE 
FAULTING AT THE SITE

The purpose of this section is to describe the investigations which should be 
conducted in the region, in order to obtain information that will enable one to 
determine whether there exists a potential for surface faulting at the site area, 
to describe the scope and detail of the investigations required and to formulate 
the criteria that should be used to determine whether or not a fault should be 
considered capable.
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4.1. Criteria for identifying capable faults

A fault is considered capable if:

(a) it shows evidence of movements of a recurring nature at or near the 
surface, within about one half million years before the present, such 
that the possibility of further movement can be inferred

(b) it has a demonstrated structural relationship to a known capable fault 
such that movement of the one may cause movement of the other
at or near the surface.

It is implied here that some seismically active faults may have a potential for 
surface displacement.

4.2. Required investigations for surface faulting

4.2.1. Introduction

Sufficient surface and subsurface detail should be obtained to show the 
absence of significant faulting at or near the site or, if faulting is present, to 
describe the direction, extent and history of movements on them and to estimate 
reliably the age of most recent movement. Normally a geological mapping should 
be conducted in sufficient detail to be consistent with map presentation at a scale 
of about 1: 50 000 or more detailed. Particular attention should be given to those 
geological features at or near the site which may be particularly useful for 
distinguishing faulting or which may be useful in ascertaining the age of move
ment of faults. Geomorphic features such as terraces may be particularly useful 
in determining this age. When faulting is known or suspected, investigations 
should be made which include stratigraphical and topographical analyses, surface 
survey, trenching or other techniques to obtain detailed information to ascertain 
whether movement has occurred. All linear topographical features shown on 
photographs, or by remote sensing devices, should be investigated in sufficient detail 
to explain their cause or to establish lack of geological cause. In some situations 
this may require detailed geological and geophysical investigations at points remote 
from the site area. (See Annex 1,3 and Annex II).

4.2.2. Investigations for surface faulting

Faults at or near the site should be described with respect to fault geometry 
and direction and evidence of recent movement. The investigations to be 
conducted should be of sufficient scope to ensure that all faults more than several
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hundred metres in length at or near the site are identified and described. The 
types of investigation as well as the techniques used are expected to vary according 
to the complexity of the site geology and the history of recent tectonism at or 
near the site. Usually a minimum requirement will be a detailed surface geological 
map of the site vicinity. The map should be based on the results of field mapping, 
analysis of aerial photographs, and other available data. For structurally and 
stratigraphically simple sites where seismicity is low, there may be no need for 
more extensive investigations. Sites with complex geology or in regions of high 
seismicity may require more detailed investigations. Depending on the geological 
conditions of the site and its vicinity, subsurface geological investigations and 
geophysical investigations should be conducted in the site area. These site 
investigations may include bore-hole geophysical techniques, gravity and magnetic 
surveys and seismic reflection and refraction surveys, test excavations, shafts, 
trenches and tunnels. The techniques employed may vary from one site to another, 
but diverse methods and techniques should be used to permit cross-checking.

In areas where there is evidence that faults — not having demonstrated recent 
near-surface movement — may have been reactivated by large reservoir loading 
or fluid injection, as shown by such phenomena as induced earthquake activity 
(see sub-section 3.3.6), some of the investigations of the type described above 
should be made.

4.2.3. Methods o f  dating fault movement

Most of the recent movements on faults may be determined by a number of 
techniques such as structural superposition, stratigraphic superposition, and 
geomorphological and isotopic geochronological methods. The use of more than 
one of these methods may be applicable to a particular site. It is desirable to use 
diverse techniques as a cross-check and to improve reliability. In using strati
graphic and geomorphological methods special care should be taken to demonstrate 
the resolution of the method in respect of the detail of the investigation. The 
range of error in isotopic geochronological determination should be stated and 
discussed.

4.2.4. Relationship o f  site vicinity faults to regional tectonics

A study should be made of the structural and genetic relationships between 
site vicinity faults and regional tectonics. Each seismically active fault which 
exhibits a trend towards, intersects, or lies within the site vicinity should be 
examined to see whether movement on it can cause displacement at the surface 
directly or through branch faulting. In regions of active tectonism it may be 
necessary to conduct some supplemental detailed geological and geophysical 
investigations away from the site to determine the structural relationship of the
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site vicinity faults with capable faults whose extent is entirely outside the site 
vicinity.

f
4.2.5. Correlation o f  faults with seismicity

For all significant faults that exhibit a trend towards, intersect or lie within 
the site vicinity a study should be made to determine whether faults can be 
correlated with macroseismicity. The scope and detail of this study will depend 
on the availability of earthquake data and on the neotectonic activity of the region. 
Minimum requirements should include evaluation of the earthquake history for 
both pre-instrumental and instrumental periods, a mapping of the earthquake 
epicentres together with the tectonic features of the region, a determination of 
isoseismal patterns relative to the trends of fault zones, and any information on 
the distribution of aftershocks. For the period of instrumentally located earth
quakes the studies should, in highly active and tectonically complex areas, be 
extended to include source mechanism studies and, where data permit, a deter
mination of the regional stress pattern. In areas of known neotectonism and 
unusually complex fault structure, microearthquake monitoring may be useful 
for locating faults in the site vicinity and determining their geometry.

5. SEISMICALLY GENERATED 
WATER WAVES

5.1. Tsunamis

A tsunami is a sea or ocean wave or system of waves which is usually generated 
by a crustal deformation on the sea bottom associated with a seismic event 
(earthquake). It can also be generated by volcanic eruption and landslides. When 
the tsunami approaches the continental shelf and coastline, its height is sometimes 
substantially modified owing to transformation of the wave form by the 
continental slope, continental shelf, bays, harbours and other bathymetric 
features. (See Annex 1,4). A detailed discussion of the hydraulic effects of 
seismically generated water waves will be given in the Agency’s Safety Series 
No. 50-SG-S 1 OB, “ Determination of Design Basis Floods for Nuclear Power 
Plants on Coastal Sites: A Safety Guide” .

5.1.1. Required information and investigations

A proposed coastal or estuarine site should be examined for potential 
tsunamis. Preliminary investigations within the region should include:
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(1) Evaluation of historical records for indications of past tsunamis or 
similar phenomena

(2) A search for indication of off-shore seismic or volcanic activity
(3) An evaluation of site vulnerability to tsunamis emanating from active 

seismic areas even in the absence of a historical tsunami record.

If such investigations yield results which may indicate a potential tsunami 
hazard,then further and more detailed investigations should be performed as 
specified below.

It is well known that the height of a tsunami may be significantly amplified 
by the topographical characteristics of the shore line and continental shelf 
bathymetry; therefore, investigation of the records on this point with respect to 
past tsunamis experienced at the proposed site or at coastal locations with 
similar topography and bathymetry to the site vicinity is very important.

If the preliminary investigation reveals the need, a more detailed investigation 
should be carried out as follows [37, 38]:

(1) Records should be collected for tsunami occurrence and intensity in 
the region [39], in other coastal locations with topography and 
bathymetry similar to the site, and in other coastal locations where no 
significant amplification of tsunamis can be expected. Tsunami intensity 
information should be gathered.

(2) Seismic and geological data should be collected and analysed to deter
mine the most severe distant potential generator and the most severe 
local potential generator, such as sources of seismic or volcanic activity. 
These data should include information such as the maximum magnitudes, 
hypocentre depths, vertical displacement components, and frequencies 
of seismic activity.

(3) Data should be collected on the topography and bathymetry of the 
coastal region out to the edge of the continental shelf.

(4) Data should be collected on tides, storm waves, storm surges and their 
phenomena affecting the sea level in the site vicinity.

(5) Appropriate analytical and physical models should be developed for 
the purpose of estimating the tsunami behaviour within the site 
vicinity, taking into account local topography, bathymetry and man- 
made structures. Usually it will only be feasible to conduct these studies 
by numerical methods.

Methods for locating potential tsunami sources and for evaluating tsunami 
effects are undergoing continuous development and the analytical techniques 
used for modelling should incorporate the latest available ones appropriate to the 
region. Some of the methods described here may not be needed in areas where
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less sophisticated techniques can be used; for example where the tsunami 
potential at the site may be well established by the historical record.

5.1.2. Identification o f  design basis tsunamis

A study should be conducted to identify the distant tsunami source area 
which may cause the most severe consequences at the site vicinity and to identify 
the most severe local tsunami source. For each of these source areas, tsunami 
intensity data should be gathered [39 — 41 ]. The maximum earthquake potential 
magnitude, hypocentre depth, vertical displacement component and frequency of 
occurrence should be estimated. Normally it will be necessary to assess data 
from extremely large regions (oceanic in size) in order to make the above evalua
tions. For some proposed sites it may be possible to determine from the 
available historical information the tsunamigenic area that causes the most 
severe consequences at the site vicinity. For other proposed sites it may be 
necessary to model the design basis tsunamis from potential source areas to 
determine which causes the most severe consequences at the site vicinity.

5.1.3. Run-up and draw-down

Run-up and draw-down at the shore line close to the site area should be 
evaluated using three major factors:

(1) The tsunami energy reaching the edge of the continental shelf or some 
definite water depth selected on the basis of local bathymetry

(2) The amplification factor caused by the topographic characteristics of 
the near shore including consideration of resonance effect

(3) Conservatively assumed tidal and wave conditions, such as annual 
severity.

To determine the effects of design basis tsunamis at the site, information ob
tained and investigations undertaken on earthquakes to meet the requirements of 
sub-sections 5.1.1 and 5.1.2 should be utilized. The direction of wave propagation 
should also be considered. The local amplification factor along the coast near the 
proposed site can be determined by using one or more of the following methods:

(1) An analysis based on the local historical data on tsunamis
(2) Comparison of these historical data with similar data from areas where 

no significant amplification occurred
(3) Numerical studies designed to determine the shelf and coastal response 

function for incident tsunamis
(4) Results of model studies simulating local hydrographic conditions and 

influence of facilities constructed along the coastline.
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5.1.4. Design basis for tsunamis

The expected maximum run-up or draw-down should be derived from the 
consideration of the maximum values of run-up and draw-down due to tsunamis, 
taking into account tidal and wave conditions.

5.2. Seiches

A seiche is an oscillatory movement of water in confined bodies such as 
lakes, reservoirs, or coastal embayments, and may be caused by earthquakes, 
landslides into water, or underwater volcanic eruption. (See Annex 1,4). 
Meteorological disturbances such as storms, hurricanes or moving pressure 
variations may also cause seiches but only seiches produced by earthquake and 
landslide are considered here.

5.2.1. Factors determining the maximum surge

The main factors determining the magnitude of a surge associated with 
seismic phenomena are:

(1) Amplitude and duration of long-period seismic waves
(2) Resonance effects between the natural period of the water body and 

the natural period of seismic waves
(3) The coincidence of surges caused by seismic events with those from 

other causes
(4) Coastal topography and bathymetry of the water body.

Additional factors of importance for landslide-induced surges are:

(1) Dimensions of the body of water
(2) Size of the landslide falling into the water
(3) Kinematics of the landslide
(4) Topography of the shore region and its bathymetry.

5.2.2. Required information and investigations

A site on the shore of a confined body of water should be examined to 
determine the potential for surges.

Preliminary investigations within the region should include:

(1) Evaluation of historical records for indication of past surges
(2) Examination of the shore region to evaluate the potential for large 

landslides or volcanic eruptions.
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If such investigations yield results that indicate a potential surge hazard 
due to earthquakes and landslides, then further and more detailed investigations 
should be performed.

5.3. Seismically induced dam failure

Any proposed site should be evaluated for the potential consequences arising 
from a seismically induced failure of any nearby dam upstream or downstream 
of the site area. If the evaluation shows that the consequences of failure of the 
dam are acceptable then no further action is required.

If such an evaluation reveals a potentially unacceptable consequence then 
the potential for dam failure should be assessed by using the techniques established 
in section 3 to define a design basis earthquake which the dam may experience.

In addition the potential for dam failure caused by a surge from an earthquake- 
induced landslide should be evaluated and the combined effect of a strong 
earthquake ground motion at the dam and of the following'surge should be 
taken into account.

6. POTENTIAL FOR HAZARDOUS PHENOMENA 
ASSOCIATED WITH EARTHQUAKES

Some seismic and geological events may adversely affect safety. These 
include the earthquake-induced ground failure resulting in liquefaction or landslides, 
and the geological phenomena resulting in subsidence or collapse (See Annex 1,5).

6.1. Liquefaction

The liquefaction potential of the soil at the site should be evaluated. The need 
for such an evaluation and investigation will usually be determined by the nature 
of the soil at the site, the level of the groundwater table, the critical soil 
parameters, and the potential severity of vibratory ground motion.

6.1.1. Required information and investigations

For evaluating the extent and distribution of potentially liquefiable soil 
layers at the site area, information should be gathered on such as the following:

(1) Grain size distribution, density, relative density, static or dynamic 
undrained shear strength, stress history, and age of sediments, of the 
soils comprising these liquefiable layers
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(2) Level of the water table
(3) Penetration resistance of the soil
(4) Shear wave velocity of the soil
(5) Evidence of past liquefaction, if available.

This information is to be gathered through appropriate field investigations 
such as boring, trenching, and geophysical examinations, and laboratory investiga
tions such as measurement of index properties and static and cyclic tests.
A detailed discussion of the methods for liquefaction analysis and possible 
engineering solutions are given in the Agency’s Safety Series No. 50-SG-S2, 
“ Seismic Analysis and Testing of Nuclear Power Plants: A Safety Guide” .

If the evaluation suggests that the necessary safety margin does not exist, 
then the appropriate steps must be taken to prevent liquefaction of these layers 
or the site shall be deemed unsuitable.

6.2. Slope stability

The stability of all earth, rock, snow and ice slopes, both natural and 
man-made such as cuts, fills, embankments, pits, and dams, whose failure could 
adversely affect safety should be evaluated. Details can be found in the Agency’s 
Safety Series No. 50-SG-S2 just referred to.

The potential for snow avalanches that could be caused by an earthquake 
of S2 severity should be evaluated. Specialized techniques for such an evaluation 
exist but are not discussed in this Guide. Each site where such a potential exists 
should be evaluated on a case-by-case basis.

6.2.1. Required information and investigations

To adequately evaluate the stability of slopes under the postulated S2 level 
seismic event, the following information should be gathered;

(1) Extent and distribution of soil layers (or rock formations for rock 
slopes) within, adjacent to, and beneath the slope (the geometry of the 
slope should also be determined)

(2) For rock slopes, the details of form and features, such as their relation 
to zones of fracture, orientation of rocks and their localized weathering

(3) Static and dynamic characteristics of the soils (or rocks)
(4) Level of the water table
(5) Evidence of past slope failure.

This information should be gathered using acceptable field methods, such as 
borings, shafts, pits, trenches, and geophysical and laboratory methods, such as 
measurement of index properties, and static and cyclic tests as appropriate.
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A detailed discussion of the methods for slope stability evaluation is given in the 
Agency’s Safety Series No. 50-SG-S2.

6.3. Subsidence

A preliminary investigation should be performed to determine the potential 
for subsidence in the site area. Such conditions as the existence of a thick ground
water aquifer beneath the site vicinity, the extraction of hydrocarbon deposits, 
and the existence of mining activities in the vicinity, may indicate a potential for 
subsidence. If the consequences of any potential subsidence are acceptable, no 
further action is required.

6.3.1. Required information and investigations

If groundwater removal is determined to be a potential cause of subsidence 
at the site area the following factors should be evaluated:

(1) The total reduction of the groundwater level that could occur during 
the operating life of the nuclear power plant

(2) The differential in groundwater level that could develop across the site
(3) The pertinent physical parameters of the aquifer, such as consolidation 

coefficient, degree of lateral homogeneity
(4) The potential for differential shear failure of the foundation strata 

because of rapid lateral changes in the compaction coefficient of the 
aquifer

(5) The potential for tension failure
(6) The potential for movement on a fault causing water drainage and a 

reduction in groundwater level.

When oil or gas removal or a potential for oil or gas removal is determined 
to exist in the site vicinity an evaluation of the potential consequences on the 
safety of the nuclear power plant should be made. The evaluation should include: 
subsidence, differential subsidence, and movement of a fault resulting in escape 
of the oil or gas.

6.3.2. Engineering solu tions

Engineering solutions to reduce the risk posed by these conditions may be 
possible. However, it may be difficult to demonstrate the efficiency of an 
engineering solution to a subsidence problem. In most cases the risk of severe 
subsidence should be considered as a serious impediment to the acceptability 
of the site area.
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6.4. Collapse

The possibility of collapse in the site area may pose a serious risk to the 
stability of foundations and the integrity of structures. Such a risk of collapse 
may be posed if there exist in the site vicinity:

(1) Cavernous or karstic terrains
(2) Subsurface voids caused by dissolution and transport of soluble 

subsurface materials
(3) Man-made underground works.

6.4.1. Required information and investigations

If preliminary investigations of the site vicinity reveal a potential for 
collapse, studies should be carried out to establish in more detail the area which 
could be affected by collapse. For the detailed study, the following should be 
considered:

(1) A geomorphological and geological investigation particularly concerning 
lithology of sedimentary strata around and beneath the site vicinity. 
Special attention should be given to:

Existence of caverns or karstic networks in calcareous deposits 
Potential for solution phenomena in any salt formation 
Characteristics and disposition of joints and fractures 
Spatial extent and slope of strata.

(2) An investigation of all past and present human underground activities 
in the site area, taking into account the nature and characteristics of 
the affected strata. Particular attention should be given to:

Existence of tunnels
Existence of mine galleries or cavities in or out of operation 
Mineral extraction (for instance by dissolution techniques) 
Withdrawal of subsurface fluids.

To obtain the above information it will usually be necessary to use the 
following engineering practices:

Boring to determine lithological and mechanical characteristics of strata
and to detect existing underground cavities
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Local geophysical prospecting to determine structure and dynamic properties 
of strata and to identify the presence of underground cavities or voids.

6.4.2. Engineering solutions

When the potential for collapse is determined to exist, engineering solutions 
may be used if possible to reduce the risk to an acceptable level. For example, 
grouting techniques may be used to fill voids and to improve the mechanical 
properties of the ground. However, in most cases the risk of collapse should be 
considered as a serious impediment to the acceptability of the site area.
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Appendix A

SEISMIC INTENSITY SCALES

1. SEISMIC INTENSITY SCALE OF JAPAN METEOROLOGICAL 
AGENCY (JMA)

The intensity of the shock is estimated according to the scales 0 — VII,
as follows:

0. Not felt. Shocks not felt by human beings and registered only by a 
seismograph, but special symbol (X) is used when shocks are felt by some 
neighbours, but not by observer.

1. Slight. Extremely feeble shocks only felt by persons at rest or by those 
who are sensitive to an earthquake.

II. Weak. Shocks felt by most persons, slight shaking of doors and Japanese 
latticed sliding doors (shoji).

III. Rather strong. Slight shaking of houses and buildings; rattling of doors 
and Japanese latticed sliding doors (shoji); swinging of hanging objects like 
electric lamps; moving of liquids in vessels.

IV. Strong. Strong shaking of houses and buildings, overturning of unstable 
objects, spilling of liquids out of vessels.

V. Very strong. Cracks in the walls, overturning of gravestones, stone lanterns, 
etc., damage to chimneys and mud-and-plaster warehouses.

VI. Disastrous. Demolition of houses by less than 30%, intense landslides, etc.
VII. Very disastrous. Demolition of houses by more than 30%, intense landslides, 

large fissures in the ground, faults.

2. SEISMIC INTENSITY SCALE, MEDVEDEV, SPONHEUER & KARNIK 
(MSK) VERSION, 1964

Classification of the scale
Types o f  structures (buildings not antiseismic)

Structure A: Buildings in field-stone, rural structures, adobe houses, clay houses.
B: Ordinary brick buildings, buildings of the large block and

prefabricated type, half-timbered structures, buildings in natural 
hewn stone.

C: Reinforced buildings, well-built wooden structures.
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Definition o f quantity

Single, a few: about 5%
Many: about 50%
Most: about 75%

Classification o f  damage to buildings

Grade 1: Slight damage. Fine cracks in plaster; fall of small pieces of 
plaster.

Grade 2: Moderate damage. Small cracks in walls; fall of fairly large pieces of
plaster; pantiles slip off; cracks in chimneys; 
parts of chimneys fall down.

Grade 3: Heavy damage. 

Grade 4: Destruction.

Large and deep cracks in walls; fall of chimneys.

Gaps in walls; parts of buildings may collapse; 
separate parts of the building lose their cohesion; 
inner walls and filled-in walls of the frame 
collapse.

Grade 5: Total damage. 

Arrangement o f  the scale

(a) Persons and surroundings
(b) Structures of all kinds
(c) Nature

Total collapse of buildings.

Intensity grades

I. Not noticeable

The intensity of the vibration is below the limit of sensibility; the tremor 
is detected and recorded by seismographs only.

II. Scarcely noticeable (very slight)

Vibration is felt only by individual people at rest in house, especially on 
upper floors of buildings.
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III. Weak, partially observed only

The earthquake is felt indoors by a few people, outdoors only in favourable 
circumstances. The vibration is like that due to the passing of a light truck. 
Attentive observers notice a slight swinging of hanging objects, somewhat more 
heavily on upper floors.

IV. Largely observed

The earthquake is felt indoors by many people, outdoors by a few. Here 
and there people awake, but no one is frightened. The vibration is like that due 
to the passing of a heavily loaded truck. Windows, doors and dishes rattle. Floors 
and walls creak. Furniture begins to shake. Hanging objects swing slightly.
Liquids in open vessels are slightly disturbed. In standing motor-cars the shock 
is noticeable.

V Awakening

(a) The earthquake is felt indoors by all, outdoors by many. Many sleeping 
people awake. A few run outside. Animals become uneasy. Buildings tremble 
throughout. Hanging objects swing considerably. Pictures knock against walls 
or swing out of place. Occasionally pendulum clocks stop. Unstable objects 
may be overturned or shifted. Open doors and windows are tl\rust open and 
slam back again. Liquids spill in small amounts from well-filled open containers. 
The sensation of vibration is like that due to a heavy object falling inside the 
buildings.

(b) Slight damage of grade I in buildings of type A is possible.
0(c) Sometimes change in flow of springs.

VI. Frightening

(a) Felt by most, indoors and outdoors. Many people in buildings are frightened 
and run outdoors. A few persons lose their balance. Domestic animals run out
of their stalls. In a few instances dishes and glassware may break, books fall down. 
Heavy furniture may possibly move and small steeple bells may ring.

(b) Damage of grade 1 is sustained in single buildings of type B and in many 
of type A. Damage in a few buildings of type A is of grade 2.
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(c) In a few cases cracks up to widths of 1 cm possible in wet ground; in 
mountains occasional landslides; changes in flow of springs and in level of well- 
water are observed.

VII. Damage to buildings

(a) Most people are frightened and run outdoors. Many find it difficult to stand. 
The vibration is noticed by persons driving motor cars. Large bells ring.

(b) In many buildings of type C damage of grade 1 is caused; in many buildings 
of type B damage is of grade 2. Many buildings of type A suffer damage of 
grade 3, a few of grade 4. In single instances landslips of roadway on steep slopes; 
cracks in roads; seams of pipelines damaged; cracks in stone walls.

(c) Waves are formed on water, and water is made turbid by mud stirred up. 
Water levels in wells change, and the flow of springs changes. In a few cases dry 
springs have their flow restored and existing springs stop flowing. In isolated 
instances parts of sandy or gravelly banks slip off.

VIII. Destruction o f  buildings

(a) Fright and panic; also persons driving motor-cars are disturbed. Here and 
there branches of trees break off. Even heavy furniture moves and partly 
overturns. Hanging lamps are in part damaged.

(b) Many buildings of type C suffer damage of grade 2, a few of grade 3. Many 
buildings of type B suffer damage of grade 3 and a few of grade 4, and many 
buildings of type A suffer damage of grade 4 and a few of grade 5. Occasional 
breakage of pipe seams. Memorials and monuments move and twist. Tombstones 
overturn. Stone walls collapse.

IX. General damage to buildings

(a) General panic; considerable damage to furniture. Animals run to and fro 
in confusion and cry.

(b) Many buildings of type C suffer damage of grade 3, a few of grade 4. Many 
buildings of type B show damage of grade 4, a few of grade 5. Many buildings 
of type A suffer damage of grade 5. Monuments and columns fall. Considerable 
damage to reservoirs; underground pipes partly broken. In individual cases 
railway lines are bent and roadways damaged.
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(c) On flat land, overflow of water, sand and mud is often observed. Ground 
cracks to widths of up to 10 cm, on slopes and river banks more than 10 cm; 
furthermore a large number of slight cracks in ground; falls of rock, many 
landslides and earth flows; large waves on water. Dry wells renew their flow and 
existing wells dry up.

X. General destruction o f  buildings

(a) Many buildings of type C suffer damage of grade 4, a few of grade 5. Many
buildings of type B show damage of grade 5; most of type A have destruction 
category 5; critical damage to dams and dykes and severe damage to bridges. 
Railway lines are bent slightly. Underground pipes are broken or bent. Road 
paving and asphalt show waves.

(b) In ground, cracks up to widths of more than 10 cm, sometimes up to 1 m.
Broad fissures occur parallel to water courses. Loose ground slides from steep 
slopes. From river banks and steep coasts considerable landslides are possible.
In coastal areas displacement of sand and mud; change of water level in wells; 
water from canals, lakes, rivers etc. thrown on land. New lakes occur.

XI. Catastrophe

(a) Severe damage even to well-built buildings, bridges, water dams and railway 
lines; highways become useless; underground pipes destroyed.

(b) Ground considerably distorted by broad cracks and fissures, as well as by 
movement in horizontal and vertical directions; numerous land slips and falls 
of rock.

The intensity of the earthquake requires to be investigated in a special way.

XII. Landscape changes

(a) Practically all structures above and below ground are greatly damaged or 
destroyed.

(b) The surface of the ground is radically changed. Considerable ground cracks 
with extensive vertical and horizontal movements are observed. Fall of rock and 
slumping of river banks over wide areas; lakes are dammed; waterfalls appear, 
and rivers are deflected.

The intensity of the earthquake requires to be investigated in a special way.
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3. MODIFIED MERCALLI INTENSITY SCALE, 1956 VERSION2

Classification of masonry

Masonry A, B, C, D. To avoid ambiguity of language, the quality of masonry, 
brick or otherwise, is specified by the following lettering (which has no 
connection with the conventional Class A, B, C construction).

Masonry A. Good workmanship, mortar, and design; reinforced, especially 
laterally, and bound together by using steel, concrete, etc.; designed to resist 
lateral forces.

Masonry B. Good workmanship and mortar; reinforced, but not designed
in detail to resist lateral forces.

Masonry C. Ordinary workmanship and mortar; no extreme weaknesses like
failing to tie in at corners, but neither reinforced nor designed against 
horizontal forces.

Masonry D. Weak materials, such as adobe; poor mortar; low standards of 
workmanship; weak horizontally.

Intensity grades

I. Not felt. Marginal and long-period of large earthquakes.

II. Felt by persons at rest, on upper floors, or favourably placed.

III. Felt indoors. Hanging objects swing. Vibration like passing of light trucks. 
Duration estimated. May not be recognized as an earthquake.

IV. Hanging objects swing. Vibration like passing of heavy trucks; or sensation 
of a jolt like a heavy ball striking the walls. Standing motorcars rock. 
Windows, dishes, doors rattle. Glasses clink. Crockery clashes. In the upper 
range of grade IV, wooden walls and frames crack.

V. Felt outdoors; direction estimated. Sleepers wakened. Liquids disturbed,
some spilled. Small unstable objects displaced or upset. Doors swing, close, 
open. Shutters, pictures move. Pendulum clocks stop, start, change rate.

2 From Richter [42],
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VI. Felt by all. Many frightened and run outdoors. Persons walk unsteadily. 
Windows, dishes, glassware broken. Knickknacks, books, and so on, off 
shelves. Pictures off walls. Furniture moved or overturned. Weak plaster 
and masonry D cracked. Small bells ring (church, school). Trees, bushes 
shaken visibly, or heard to rustle.

VII. Difficult to  stand. Noticed by drivers of motor cars. Hanging objects 
quiver. Furniture broken. Damage to masonry D including cracks. Weak 
chimneys broken at roof line. Fall of plaster, loose bricks, stones, tiles, 
cornices, unbraced parapets, and architectural ornaments. Some cracks in 
masonry C. Waves on ponds; water turbid with mud. Small slides and 
caving in along sand or gravel banks. Large bells ring. Concrete irrigation 
ditches damaged.

VIII. Steering of motor cars affected. Damage to masonry C; partial collapse. 
Some damage to  masonry B; none to masonry A. Fall of stucco and some 
masonry walls. Twisting, fall of chimneys, factory stacks, monuments, 
towers, elevated tanks. Frame houses moved on foundations if not bolted 
down; loose panel walls thrown out. Decayed piling broken off. Branches 
broken from trees. Changes in flow or temperature of springs and walls. 
Cracks in wet ground and on steep slopes.

IX. General panic. Masonry D destroyed; masonry C heavily damaged, some
times with complete collapse; masonry B seriously damaged. General 
damage to foundations. Frame structures, if not bolted, shifted off 
foundations. Frames racked. Conspicuous cracks in ground. In alluviated 
areas sand and mud ejected, earthquake fountains, sand craters.

X. Most masonry and frame structures destroyed with their foundations.
Some well-built wooden structures and bridges destroyed. Serious damage 
to dams, dikes, embankments. Large landslides. Water thrown on banks of 
canals, rivers, lakes, etc. and mud shifted horizontally on beaches and flat 
land. Rails bent slightly.

XI. Rails bent greatly. Underground pipelines completely out of service.

XII. Damage nearly total. Large rock masses displaced. Lines of sight and level 
distorted. Objects thrown into the air.

3 9

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



A ppendix B

STA N D A R D  RESPONSE SPECTRA

TABLE Bl. HORIZONTAL DESIGN RESPONSE SPECTRA 
(seeFig.Bl)

Relative values of spectrum amplification factors for control points

Amplification factors for control points

Percent
of
critical
damping

Acceleration Displacement

A (33 Hz) B (9 Hz) C (2.5 Hz) D (0.25 Hz)

0.5 1.0 4.96 5.95 3.20

2.0 1.0 3.54 4.25 2.50

5.0 1.0 2.61 3.13 2.05

7.0 1.0 2.27 2.72 1.88

10.0 1.0 1.90 2.28 1.70

Note: The maximum ground displacement is taken proportional to maximum ground
acceleration based on 91.44 cm for ground acceleration of 1.0 gravity. The data are 
taken from Refs [36, 43].
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FIG.B1. Horizontal design response spectra. Letters A -  D refer to the frequencies given in 
Table Bl. (Adapted from Fig. 1 o f  Ref.[43}).
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TABLE B2. VERTICAL DESIGN RESPONSE SPECTRA 
(see Fig.B2)

Relative values o f spectrum amplification factors for control points

Amplification factors for control points

percent
of
critical
damping

Acceleration Displacement

A (33 Hz) B (9 Hz) C (3.5 Hz) D (0.25 Hz)

0.5 1.0 4.96 5.67 2.13

2.0 1.0 3.54 4.05 1.67

5.0 1.0 2.61 2.98 1.37

7.0 1.0 2.27 2.59 1.25

10.0 1.0 1.90 2.17 1.13

Note: The maximum ground displacement is taken proportional to maximum ground
acceleration based on 91.44 cm for ground acceleration of 1.0 gravity. The data are 
taken from Ref.[43], Acceleration amplification factors for the vertical design response 
spectra are equal to those for horizontal design response spectra at a given frequency, 
whereas displacement amplification factors are two-thirds of those for horizontal 
design response spectra. These ratios between the amplification factors for the two 
design response spectra are in agreement with those recommended in Ref.[36].
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FIG.B2. Vertical design response spectra. Letters A -  D refer to the frequencies given in 
Table B2. (Adapted from Fig.2 o f  Ref.[43]J.
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Annex I

FLOW CHART FOR EVALUATING  

DESIGN BASIS EARTHQUAKE  

A N D  ASSOCIATED PHENOMENA

1. Identification of vibratory ground motion 
associated with earthquakes 

(combined statistic and seismotectonic approach)
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2. Identification of vibratory ground motion
associated with earthquakes (seismotectonic approach)
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3. Identification of fault hazard
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4. Identification o f extreme hydrological
phenomena associated with earthquakes

_jk______ _____________ sk________
Safety Guide,
IAEA Safety Series No. 50-SG-S10B
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5. Identification of soil failure phenomena
associated with earthquakes and geological conditions
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Annex II

FAULT ACTIVITY INVESTIGATIONS

Certain faults clearly do not represent a hazard for nuclear power plants, 
while other faults clearly do. It is further recognized that still other faults 
exhibiting a low rate of movement since Quaternary time — e.g. slowly creeping 
faults or faults having a low rate of earthquake activity at depth — may or may 
not have the potential to produce significant surface displacement during the 
operating life of a nuclear power plant. Where such faults exist careful investiga
tions should be performed to ascertain the nature and degree of severity of the 
expected surface displacement and the degree of hazard which the fault represents 
to the nuclear power plant.

The following three stages of investigation may be useful in making this 
determination.

Stage 1. Investigations should be conducted to identify whether the fault 
exhibits one or more of the following characteristics:

(a) Quaternary (two or three million years before present) or more recent 
movement at or near the earth’s surface

(b) Earthquake activity as revealed by the distribution of historical or 
instrumentally identified earthquakes

(c) Structural relation to a fault with characteristics (a) or (b) such that 
movement on the one may cause movement on the other at or near 
the earth’s surface.

Stage 2. If the fault exhibits any of the above characteristics, additional 
investigations should be performed to identify the level of tectonic activity 
associated with the fault. The investigations at this stage may include such 
studies as:

(a) Assessment of the history of movement on the fault (sub-section 4.1)
(b) Levelling across the fault
(c) Strain measurements across the fault
(d) Monitoring of earthquake activity on the fault.

Stage 3. If the investigations indicate a level of tectonic activity hazardous 
to the nuclear power plant, the nature and degree of the hazard should be 
identified and it should be determined whether a suitable engineering solution 
exists.
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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.

Annual Severity of a Natural Event

Mean value of the annual maximum level of an expected natural event. 

Applicant

The organization that applies for formal granting of a Licence to perform 
specified activities related to the Siting, Construction, Commissioning, Operation 
and Decommissioning of a Nuclear Power Plant.

Authorization

The granting of written permission to perform specified activities.

Baserock (Basement)

A well consolidated geological formation which can be considered as homo
geneous with respect to seismic wave transmission and response.

Bedrock

The uppermost strongly consolidated geological formation, above the 
baserock, which exhibits contrast in mechanical properties to overlying deposits 
and is homogeneous. Generally bedrock exhibits shear wave velocities greater 
than 700 m/s.

Bearing Stratum

Soil or rocks which have enough bearing capacity to support the contact 
pressure at the bottom of the structure of the Nuclear Power Plant under static 
or dynamic conditions.

Capable Fault

A fault which has a significant Potential for relative displacement at or near 
the ground surface.
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The process during which plant components and systems, having been 
constructed, are made operational and verified to be in accordance with design 
assumptions and to have met the performance criteria; it includes both non
nuclear and nuclear tests.

Construction1

The process of manufacturing and assembling the components of a Nuclear 
Power Plant, the erection of civil works and structures, the installation of 
components and equipment, and the performance of associated tests.

Decommissioning1

The process by which a Nuclear Power Plant is finally taken out of Operation,

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 (see Design Basis External Man-Induced Events, Design 
Basis Natural Events).

Design Basis Natural Events

Natural events selected for deriving design bases (see Design Basis for External 
Events).

Free Field Ground Motion

The motion which appears at a given point of the ground due to earthquake 
when vibratory characteristics are not affected by structures and facilities.

Commissioning1

1 The terms Siting, Construction, Commissioning, Operation and Decommissioning are 
used to delineate the five major stages of the licensing process. Several of the stages may coexist; 
for example, Construction and Commissioning, or Commissioning and Operation.
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Ground Motion Intensity

A general expression characterizing the level of ground motion at a given 
point. It may refer to acceleration, velocity, displacement, macroseismic intensity, 
or spectral intensity.

Intensity Scale Value

Macroseismic intensity rating expressed in terms of the scale used.

Karstic Phenomena

Formation of sinks or caverns in soluble rocks by the action of water.

Licence

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

Licensee

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

Liquefaction

Sudden loss, due to vibratory ground motion, of shear strength and rigidity 
of saturated, cohesionless soils.

Macroseismicity

Seismicity of a level such that it implies significant, coherent, sustained 
tectonic activity. With respect to individual faults or fault zones, macroseismicity 
is seismicity of a level that implies a significant and constant tectonic driving 
mechanism.2

2 Macroseismicity usually refers to the seismicity of larger earthquakes as opposed to 
microearthquakes. However, such seismicity might have different aspects in different areas.
A determination of what level of seismicity constitutes macroseismicity in a given region must 
be made after consideration of the seismicity of that region.
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Micro- and Macroearthquakes

Microearthquakes have magnitudes less than 3.0; other earthquakes or 
macroearthquakes have magnitudes equal to or greater than 3.0. 3

Microtremor

An ambient ground vibration with extremely small amplitude (of a few 
micrometres). This vibration can be produced by natural and/or artificial causes 
such as wind, sea-waves, and traffic disturbances. Microtremors are sometimes 
called microseisms.

Neotectonics

For seismic regions, the tectonics of the Quaternary era.

Normal Operation

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

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.

Operating Organization

The organization authorized by the Regulatory Body to operate the plant.

Operation (see Footnote 1)

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

3 Although this magnitude division is not precise and different scales are used in 
different parts of the world, this general characterization of earthquakes is sufficient for the 
purposes of this Guide.
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Operational Limits and Conditions

A set of rules which set forth parameter limits, the functional capability and 
the performance levels of equipment and personnel approved by the Regulatory 
Body for safe operation of the Nuclear Power Plant.

Plant Management
The members of Site Personnel who have been delegated responsibility and 

authority by the Operating Organization for directing the Operation of the plant.

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 regulating the Siting, Construction, Commissioning, Operation and 
Decommissioning of Nuclear Power Plants in the interest of Safety by licensing 
or other Authorization processes.4

Reliability

The probability that a device, system or facility will perform its intended 
function satisfactorily for a specified time under stated operating conditions.

Response Spectrum

A plot of the maximum response o f a family of oscillators, each having a 
single degree of freedom with fixed damping, as a function of natural frequencies 
of the oscillators when subjected to vibratory motion input at their supports.

4 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 level 
authority.
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Safety

Seismically Active Structure

A structure or a fault which exhibits seismicity at a level which indicates 
significant coherent activity on the structure or fault, regardless of whether or not 
geologically young movement on it can be demonstrated at the earth’s surface.

Seismotectonic Province

A geographic area characterized by similarity of geological structure and 
earthquake characteristics.

Site
The area containing the plant, defined by a boundary and under effective 

control of the Plant Management.

Site Area

The immediate area of the Site on which the structures of the Nuclear 
Power Plant are situated, and for which detailed geotechnical investigations 
are required.

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

Siting (see Footnote 1)

The process of selecting a suitable Site for a Nuclear Power Plant, including 
appropriate assessment and definition of the related design bases.

Surface Faulting

The cracking or the differential displacement of the ground caused by the 
movement of a fault at or beneath the surface.

Tectonic Structure

A large-scale structural feature resulting from deformation of the earth crust.

Protection o f all persons from undue radiological hazard.
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PROVISIONAL LIST 
OF NUSS PROGRAMME TITLES

Safety Series
No.

Provisional title Publication date
of English version

1. Governmental Organization

Governmental organization for the 
regulation of nuclear power plants

Published 1978
Code o f  Practice

50-C-G

Safety Guides

50-SG-G1 Qualifications and training of staff of Published 1979
the regulatory body for nuclear 
power plants

50-SG-G2 Information to be submitted in Published 1979
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

2. Siting

Code o f  Practice

50-C-S Safety in nuclear power plant siting Published 1978
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Safety Series Provisional title
No.

Publication date
o f English version

Safety Guides 
50-SG-S 1

50-SG-S2

50-SG-S3

50-SG-S4

50-SG-S 5 

50-SG-S6

50-SG-S7

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

50-SG-S 1 OB

50-SG-S 11

6 6

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

Determination of design basis floods 
for nuclear power plants on coastal 
sites
Evaluation of extreme meteorolo
gical events for nuclear power plant 
siting

Published 1979

Planned for 1979
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Safety Series Provisional title
No.

Publication date
of English version

Code o f  Practice 
50-C-D

Safety Guides 
50-SG-D1

50-SG-D2

50-SG-D3

50-SG-D4

50-SG-D5

50-SG-D6

50-SG-D7A

50-SG-D8

50-SG-D9

3. Design

Design for safety of nuclear power 
plants

Safety functions and component 
classification for BWR, PWR and PTR
Fire protection in nuclear power 
plants
Protection systems 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
Emergency electrical power systems 
at nuclear power plants

Instrumentation and control of 
nuclear power plants
Design aspects of radiological 
protection for operational states 
of nuclear power plants

Published 1978

Planned for 1979 

Published 1979
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Safety Series Provisional title
No.

Publication date
of English version

Safety Guides (cont.)
50-SG-D 10 Fuel handling and storage systems in

nuclear power plants

4. Operation

Code o f  Practice

50-C-0 Safety in nuclear power plant opera
tion, including commissioning and 
decommissioning

Safety Guides

50-SG-01 Staffing of nuclear power plants and
recruitment, training and authoriza
tion of operating personnel

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 Standard tests of important systems

and components in nuclear power 
plants

Published 1978

Published 1979

Published 1979
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Safety Series Provisional title
No.

Publication date
of English version

Code o f  Practice 
50-C-QA

Safety Guides 
50-SG-QA 1

50-SG-QA2

50-SG-QA3

50-SG-QA4

50-SG-QA5

50-SG-QA6

50-SG-QA7

50-SG-QA8

50-SG-QA 10

50-SG-QA 11

5. Quality assurance

Quality assurance for safety in Published 1978
nuclear power plants

Preparation of the quality assurance 
programme for nuclear power plants
Quality assurance records system for Published 1979 
nuclear power plants
Quality assurance in the procurement Published 1979 
of items and services for nuclear 
power plants
Quality assurance during site construc
tion of nuclear power plants

Quality assurance during operation of 
nuclear power plants
Quality assurance in the design of 
nuclear power plants
Quality assurance organization for 
nuclear power plants
Quality assurance in the manufacture 
of items for nuclear power plants
Quality assurance auditing for 
nuclear power plants
Quality assurance in the design and 
manufacture of fuel and fuel cladding 
for nuclear power plants
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