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Necessary information and investigations
(database)

OVERVIEW
3.1. A comprehensive and integrated database should be acquired which

iIncorporates in a coherent form the information needed to evaluate and resolve issues

relating to all hazards associated with earthquakes.
3.2. It should be ensured that each element of every practical database has been
iInvestigated as fully as possible before integration of the various elements is

attempted. The integrated database should include all relevant information; that is, not

only geological, geophysical, geotechnical and seismological data, but also any other
iInformation that is relevant to evaluating the ground motion, faulting and geological

hazards at the site.
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Necessary information and investigations
(database)

SCALES OF INVESTIGATIONS

Sitevicinity

Obicdives Near regionalscale

'I:J eotectomc fault Objectives: Objectives:

hlﬂtﬂr}’_ *Detailed seismotectonic *General geodynamic setting
*Potential fﬂf characterization *Characterization of geological features
surface faulting *Latest faults movements *Delineation of seismogenic sources

e. e e

. S Km 25 km
Site area ,,u¢scale 1:5000) (mapsscale 1:50 000) (maps scale 1:500 000)

A need for application of increased efforis
The first three scales of investigation lead primarily to progressively more detailed

geological and geophysical data and information. The site area investigations are aimed

at developing the geotechnical database.
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A study on paleotsunami using handy geoslicer in Sendai Plain (Sendai, Natori,
Iwanuma, Watari, and Yamamoto), Miyagi, Japan
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Yuki Sawai', Masanobu Shishikura®, Yukinobu Okamura’, Keita Takada®, Tabito Matsu’ura’,
Than Tin Aung®, Junko Komatsubara’, Yushiro Fujii*, Osamu Fujiwara’, Kenji Satake'’,
Takanobu Kamataki' and Nobue Sato™

L233.69.10.0 sERE REF At o # — (Active Fault Research Center, GSJ/AIST)
‘HRIRERM RS (Fukken CO., LTD)
T H R B2 S0P (Institute of Geology and Geoinformation, GSJ/AIST)
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TG A E 24 (OYO Corporation)

Abstract: We studied paleotsunami in Sendai Plain (Sendai, Natori, Iwanuma, Watari, and Yamamoto).
The study was based on forty-nine sliced samples taken from rice paddies (swales) and beach ridges
usine the handv eeoslicers. The deposits consist mainlv of massive (sometimes laminated). poorlv-sorted
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Necessary information and investigations
(database)
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Necessary information and investigations
(database)

3.4. The compilation of the seismological database will normally be less dependent on
the regional, near regional and site vicinity scales than the other databases.
However, seismogenic structures in the near region and in the site vicinity will usually
be more important for seismic hazard evaluation, depending on the rates of activity,
the expected maximum potential magnitudes and the regional attenuation of ground
motion. Particularly for some intraplate tectonic settings, attention should be paid to
compiling seismological data for more distant seismic sources that may be beyond
the typical boundaries of the region. |n offshore regions, adequate investigations
should be conducted in order to fully analyse the tectonic characteristics of the region

and to compensate for any lack of or deficiency in the seismological data.
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Necessary information and investigations
(database)

3.5. When a seismic hazard analysis is performed for any reason during the operating
lifetime of the nuclear installation (e.g. for a periodic safety review or a probabilistic
seismic hazard analysis for seismic probabilistic safety assessment), the integrated
database should be updated to cover the elapsed time from the most recent
compilation of data until the present, and recent scientific findings should be

iIncorporated.

The KK case and the FB fault..... | !j
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Geoloqgical. geophysical and
geotechnical database

REGIONAL INVESTIGATIONS

®

(maps scale 1:500 000)
3.8 The purpose of obtaining data on a regional scale is to provide knowledge of

the general geodynamic setting of the region and to identify and characterize those

geological features that may influence or relate to the seismic hazard at the site.

The most relevant among those geological features are structures that show potential for
displacement and/or deformation at or near the ground surface; that is, capable

faults.

(D) 1AEA



Geoloqgical. geophysical and
geotechnical database

DATA COLLECTION

The data obtained from any type of published and unpublished geological and
geophysical sources (for example, data derived from existing galleries, road cuts or

water boreholes) and should be presented on maps with appropriate cross-sections.
The size of the relevant region will vary depending on the geological and tectonic
setting, and its shape may be asymmetric in order to include distant significant

sources of earthquakes. Its radial extent will typically be 300 km or more.
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Geoloqgical. geophysical and
geotechnical database

NEW GEOLOGICAL AND GEOPHYSICAL INVESTIGATIONS

3.9 Where existing data are inadequate for the purpose of delineating seismogenic
structures, in terms of location, extent and rate of ongoing tectonism, it may be
necessary to verify and complete the database by acquiring new geological and

geophysical data.

This may involve investigations at the scale (detail) of the near region and site vicinity to
assess the potential seismogenic features located outside the near region. |dentification
of the ground effects of past earthquakes on the geological-geomorphological
environment (that is, the palaeoseismology,; see par. 4.13) is also useful for this
purpose. The data are typically presented on maps at a scale of 1:500 000 and with

appropriate cross-sections.
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Geoloqgical. geophysical and
geotechnical database

Regional investigations:

Heat flow and earthquake data
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Geoloqgical. geophysical and
geotechnical database
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Geological, geophysical and I
geotechnical database
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Regional investigations:

Geological and gravimetric cross-sections

O WESTERN POTWAR / SALT RANGE C
North south |

=40
—-80

_12{];‘... . :
-160L J

CH WL B T

Salt Range

—_— — =
e T m— 1_-'—-_—?_ e = - T
— e S g
i —

-:-*-\. A R i A b - *

E fi F it = s ! e e R e e

= A for: . - it s e = —-—-___ T T e e A e Ty Fiosy

b o e B KB = e = e W= B S A BT Pl i e
. e b - F a i il 1HhFrw "™ atge B iry [ rgr | e

= = ol 1 = i T -\.,"r | H";--l'l‘::‘ ;1‘|.‘ "'ll ""-‘r" -I"-‘-_: ra-.l-._‘rll{|'-|‘.._"'r- 1= J" ' -“'"F"ﬂ"l; ‘1-;";“_:‘: -|.|||.a-ll.l'

- i (S - e N R e -~ L e ] F e P PTG e e il

= fre b e S e e PR B R R Tt T P8 TS R Sl S w wT

il i = ———— P e P T T T o0t =4 e el e i L B R S TP B S P e e i i et =l S8 e ey S i s el

= i b T g e, gt e e e S ”._'.r:‘ ‘_"-.I'_ oy 4:"1, ,-1..-"|-\.""'~ o Bl e - T el i P T T W I Pt B l‘-l"1-""|-\1-|:-r'!:1.r1"ll

LS a1 _I.-i ‘ul' _‘1‘ AL "'"..:\Fq" .-‘I"'J.ll Jl.l'\ m AT e ey W R Ay ; P R e P L = '-.“.._ e B II\."I';'\-‘r"'i, -.l.l'ral'l-"] - ,Ilul',:'f" S T rl"'uf]."i,ﬂ ‘r': PR

= e e e e o L e e 2! L B e | Bl T b T el B sp F. | ",.-"_,4‘:.*-;—. B i L B e _.-'*J,, pay Il .-j i .,_.-J"‘ r___“'L-'__'J..—_.. ,"-:,'1-h_l-'|r|_,

.| Tertlary Molasse Eocambrian

_‘_' _l_l_

——— Cambrian to Eocene

Y Precambrian Basement




Geological, geophysical and
geotechnical database

Regional investigations:

Seismic reflection profiles
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Geological, geophysical and
geotechnical database
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Geoloqgical. geophysical and
geotechnical database

NEAR REGIONAL INVESTIGATIONS

@

ﬁ-

25 km
3.11 Near regional studies should include a geographical area typically not less than 25

Kim In radius, although this dimension should be adjusted to reflect local conditions. The

objectives are:

- to define the seismotectonic characteristics of the near region on the basis of a

more detailed database than that obtained from the regional study;

- to determine the latest movements of faults; and,

- to determine the amount and nature of displacements, rates of activity and evidence of

Segé}ﬁt tion of faults.
() IAEA



Geoloqgical. geophysical and
geotechnical database

NEAR REGIONAL: SPECIFIC INVESTIGATIONS

3.12. To supplement the published and unpublished information for the near regional
area, specific investigations should typically include a cefinition of the stratigraphy,
structural geology and tectonic history of the near region. The tectonic history should be
thoroughly defined for the present tectonic regime, the length of which will depend on
the rate of tectonic activity. For example, for studies to assess fault capability, the
tectonic information through the Upper Pleistocene—Holocene (i.e. the present) may be
adequate for interplate regions and through the Pliocene—Quaternary (i.e. the present)
for intraplate regions. Age dating, by any reliable and applicable method, should be

performed.
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Geoloqgical. geophysical and
geotechnical database




Geoloqgical. geophysical and
geotechnical database




Geoloqgical. geophysical and
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Geoloqgical. geophysical and
geotechnical database — El Dabaa, Egypt
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Geoloqgical. geophysical and
geotechnical database

NEAR REGIONAL: ADDITIONAL INVESTIGATIONS
3.12 |In addition to field mapping, various sources of data should be used, for example:
- Subsurface data derived from geophysical investigations (such as seismic

reflection and refraction, and gravimetric, electric and magnetic techniques). These data

are of primary importance in dealing with offshore areas.

- Surface data derived from studies of Quaternary formations or landforms, such
as terrace analysis and pedological and sedimentological studies. Use should be
made of aerial and satellite photographs and/or images for this task.

- For understanding the ongoing rate and type of deformation, use should also be made
of data derived by recently developed technological means, such as global positioning

system data and interferometry data, and data derived from strain rate measurements.
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Geoloqgical. geophysical and
geotechnical database

3.13 For some relevant structures identified in the near regional investigations, it
may be necessary to conduct additional studies at the site vicinity scale.

3.14 |nvestigations should be made in sufficient detall so that the causes of each
recent (in terms of the pertinent time window for the specific local tectonic

environment) geological and geomorphological feature that is relevant can be properly

Inclucded In a reasonable model of the recent geological evolution of the area.

3.15 The data are typically presented on maps at a scale of 1:50 000 and with

appropriate cross-sections.
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Geoloqgical. geophysical and
geotechnical database

Viadana
(Northern
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near-regional
geophysical
iInvestigations
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Geoloqgical. geophysical and
geotechnical database

Near regional investigations: geoelectrical prospecting
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Geological, geophysical and
geotechnical database

Near-regional investigations:

Seismic reflection profiles
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Geoloqgical. geophysical and
geotechnical database

Studies of Quaternary formations or landforms
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Geoloqgical. geophysical and
geotechnical database

Carta delle faglie capaci (attive) e sismicita
(da database ANPA)

~ Fagla capaci

Paganica Fault
surface rupture
April 6, 2009,
Mw 6.3,
L’Aquilaeq.

Map of the capable
faults and seismicity
in Central Italy

from the ANPA
database, 1999
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SITE VICINITY

@,

S km
3.16 Site vicinity studies should cover a geographical area typically 5 kim in radius.

In addition to providing a yet more detailed database for this smaller area, the objective
of these investigations is to define in greater detail the neotectonic history of the faults,
especially for determining the potential for and rate of fault displacement at the site (fault

capability), and to identify conditions of potential geological instability of the site area.

(D) 1AEA
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SITE VICINITY INVESTIGATIONS

* geomorphological-geological mapping;

* geophysical prospecting:

* poreholes;

* frenching.

PRODUCTS

- a geological map at a scale of 1:5000 and with appropriate cross-sections.
- age, type and amount of displacement of all the faults located in the area;
- identification and characterization of locations exhibiting potential hazards

induced by natural phenomena and by human activities.

(D) 1AEA



eopbhysical and
| database

Geoloqgical. a

iICa

geotechn

Geomorphological-geological mapping

,me TR A
Waﬂ.m. ..c,m. S
A
=0l|BJUE
| _ﬁim.%__,.w....w..,.




Geoloqgical. geophysical and

geotechnical database

Correlations of boreholes
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Trenching
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SITE AREA

3.19 Site area studies should include the entire

area covered by the plant, which is typically 1 km-. :
(~1km-)
The primary objectives are:

- to obtain detailed knowledge of the potential for permanent ground displacement;

- to provide information on the dynamical properties of foundation materials (such as P

and S wave velocities), to be used In site response analysis.

The database should be developed from detalled geological, geophysical and

geotechnical studies complemented by in situand laboratory testing.

(L) 1AEA
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SITE AREA INVESTIGATIONS - 1

The following investigations of the site area should be performed, using

geological, geophysical, seismological and geotechnical techniques:

(1) Geological and geotechnical investigations: Investigations using boreholes or test
excavations (including in situ testing), geophysical techniques and laboratory

tests should be conducted o define the stratigraphy and structure of the site area
and to determine the thickness, depth, dip, and static and dynamic properties of

the different subsurface layers as may be required by engineering models (Poisson's
ratio, Young's modulus, shear modulus, density, relative density, shear strength,

consolidation and swelling characteristics, grain size distribution).

(L) IAEA
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SITE AREA INVESTIGATIONS - 2

(2) Hydrogeological investigations: Investigations using boreholes and other
techniques should be conducted to define the geometry, physical and chemical
properties, and steady state behaviour (recharge, transmissivity) of all aquifers
in the site area, with the specific purpose of determining how they interact with
the foundation.

(3) Investigations of site effects: The dynamic behaviour of the rock and soil at the site

should be assessed, using available historical and instrumental data as a

guide.

(L) IAEA
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DYNAMIC SOIL-STRUCTURE INTERACTION

All the data required for assessing the dynamic soil-structure interaction should be

acquired in the course of these investigations.

SCALE OF SITE AREA DATA
The data are typically presented on maps at a scale of 1:500 and with

appropriate cross-sections.

(L) IAEA
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Figure B.1 - The Mid Miocene. Marmarica Formation limestone. as sampled from to the
borehole D11. at the depth of ca. 90-92 m below the ground surface,
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Figure B.2 - Borehole core showing a limestone with a small cavity of karstic ongin. partly
refilled by calcite.
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Figure C.1 — Outlet bay
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SEISMOLOGICAL DATABASE

Prehistorical and historical earthgquake data (pre-instrumental data)

3.25. All'pre-instrumental’ data on historical earthquakes (that is, events for which no
instrumental recording was possible) should be collected, extending as far back in time
as possible. FPalaeoseismic and archaeological information on historical and prehistorical

earthquakes should also be taken into account.

3.26 The Intensity scale used In the catalogue should be specified, since intensity levels
can vary depending on the scale used. The magnitude and depth estimates for each
earthquake should be based on relevant empirical relationships between instrumental

|!ﬁ£%r by using isoseismals.

dat’l@acmseismic iInformation, which may be developed from the database directly
fromaih
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The center of Verona was severely damaged

Macroseismic field of 1117 earthquake

Legend:

Inferred Intensity, a) IX MCS; b) VIl MCS; c) VIIMCS; d)

Places with notice of damage; e) Placeswith damagessupposed
by archaeological informations
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//\2

Fig. 7 - Terremoto del 1222, ipotesi di campo macrosismico. Legenda: Intensita stimata, a) IX-X MCS; b) VIII MCS;
¢} VII MCS, Da Macr1 & MoLin, 1986; ridisegnato.
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DATA TO BE COLLECTED

* date and time of the event;

* location of the macroseismic epicentre, estimated focal depth and magnitude;

* maximum intensity and, if different, intensity at the macroseismic epicentre,
with a description of local conditions;

* [soseismal contours;

« estimates of uncertainty for all of the above parameters;

* intensity of the earthquake at the site, together with details of effects on the soil;
* an assessment of the quality and quantity of data from which the above

parameters have been estimated.

ﬁ’ﬁ‘&lAEA
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The intensity scale used In the catalogue should be specified.

The magnitude and depth estimates for such earthquakes should be based on relevant

empirical relationships between instrumental data and macroseismic information.

When the catalogue of relevant historical earthquake data has been compiled, its
completeness and reliability should be assessed. This point will be fundamental to a

properly conducted seismic hazard evaluation.

In general, the catalogues are incomplete for small magnitude events owing to the
threshold of recording sensitivity, and for large magnitude events owing to their long

recurrence intervals.

() 1AEA
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Instrumental earthguake data

Data to be collected include:

- time of origin and location of epicentre and hypocentre;

- all magnitude determinations, including those on different scales, and any
information on seismic moment or stress drop;

- dimensions and geometry of the fore-shock and aftershock zones;

- other information that may be helpful in understanding the seismotectonic
regime, such as focal mechanism, stress drop and other source parameters;
- estimates of uncertainty for each of the above parameters;

- macroseismic details.

(D) 1AEA



Geoloqgical. geophysical and
geotechnical database

When the catalogue of relevant instrumental earthquakes has been compiled, its
reliability and completeness should be assessed.

In addition to catalogues maintained by individual States or neighbouring States,
worldwide instrumental earthquake catalogues are maintained by various organizations
such as the International Seismological Centre, the United States National Earthquake

Information Center and the European—Mediterranean Seismological Centre in France.
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Site specific instrumental data

It is often useful to operate a network of sensitive seismographs having a recording

capability for micro-earthquakes.

The minimum monitoring period necessary to obtain meaningful data for seismotectonic
interpretation is several years for regions of high seismicity, and may be longer for
regions of low seismicity.

Earthquakes recorded within and near such a network should be carefully

analysed in connection with seismotectonic studies of the near region.

Wherever possible, recordings of regional strong ground motion should be

collected. Strong motion accelerographs should be installed permanently within the site

dled.

ﬁ’&‘&IAEA
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Construction of a
regional seismotectonic model

4.1INTRODUCTION

The link between the database and any model for deriving hazard levels is a regional
seismotectonic model which should be based on a coherent merging of the regional

databases.

In the construction of such a modael, all existing interpretations of the seismotectonics of

the region that may be found in the available literature should be taken into account.

Above all, a sound database Is essential in the construction of a reliable seismotectonic
model. The most sophisticated methods will not yield good models if the database is

poor or insufficient.

ﬁ’&‘&IAEA
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INTRODUCTION 2
4.2 The standard procedure is to integrate the elements of the seismological,

geophysical and geological databases in order to construct a coherent seismotectonic

model (or alternative models) consisting of a discrete set of seismogenic structures.
4.3 The seismogenic structures identifled may not explain all the observed
earthquake activity. This Is because seismogenic structures may exist without
recognized surface or subsurface manifestations and because of the timescales

involved; for example, fault displacements may have long recurrence intervals with

respect to seismological observation periods.

(D) 1AEA
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Construction of a
regional seismotectonic model

4.4 Conseguently, any seismotectonic model consists, to a greater or lesser

extent, of two types of seismic sources:
-those selsmogenic structures which can be identified by using the available
database:
- diffuse selsmicity (consisting usually, but not always, of small to moderate
earthquakes)which is not attributable to specific structures identified by using

the available database.

() 1AEA
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4.5 Evaluation and characterization of both these types of seismic sources involve
assessments of uncertainty.

However, the second type, diffuse seismicity, Is a particularly complex problem in seismic
hazard evaluation and generally will involve greater uncertainty because the sources

of the earthquakes are not well understood.

The uncertainty in the interpretations should be properly assessed in order to incorporate
it into the evaluation of the ground motion hazard at the site. This assessment should
typically involve alternative interpretations and the weighting of each alternative

according to the interpreted degree of support that it has in the data.

() 1AEA
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Although attempts should be made to define all the parameters of each element

In a seismotectonic model, the construction of the model should be data driven, and any
tendency to interpret data only in a manner that supports some preconception should
be avoided.

When it is possible to construct alternative mocdels which explain the observed

seismological, geophysical and geological data sufficiently well, and the differences

cannot be resolved by means of additional investigations within a reasonable

timeframe, the final hazard evaluation should take into consideration all such models,

with appropriate weights, in order to fully express the uncertainty contained in the

seismotectonic model.

(D) 1AEA
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SEISMOGENIC STRUCTURES

4.14 All seismogenic structures that may have significance for contributing to the
ground motion and fault displacement hazard at the site should be included in the

seismotectonic model.

4.15. With regard to the ground motion hazard, the concern lies with those seismogenic
structures whose combination of location and earthquake potential could contribute to

seismic hazard at the site over the range of ground motion frequencies of interest.

4.16. W.ith regard fo the fault displacement hazard, the concern lies with those
seismogenic structures close to the site that have a potential for displacement at or

near the ground surface (that is, capable faults; see Section 8).

ﬁ’&‘&IAEA
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IDENTIFICATION

4.17 The identification of seismogenic structures is made on the basis of geological,
geophysical and seismological data providing direct or indirect evidence that these

structures have been the source of earthquakes under current tectonic conditions.

The correlation of historical and instrumental recordings of earthquakes with geological
and geophysical features is particularly important in identifying seismogenic
structures. A lack of correlation does not necessarily indicate that a structure is not

seismogenic.

(D) 1AEA
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Construction of a
regional seismotectonic model

SEISMOLOGICAL DATA AND SEISMOGENIC STRUCTURES

Whenever the investigations show that an earthquake hypocentre or a group of
ealthquake hypocentres can be potentially associated with a geological feature, the
rationale for the association should be developed by considering the characteristics
of the feature, its geometry and geographical extent, and its structural relationship to
the regional tectonic framework.

Other available seismological information, such as hypocentral uncertainties,

focal mechanisms, stress environments and fore-shock and aftershock distributions,
should also be used in considering any association of earthquake hypocentres with

geological features.

(D) 1AEA
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regional seismotectonic model

COMPARISON WITH OTHER GEOLOGICAL FEATURES

VWhen specific data are lacking or sparse, detailed comparison of any given
geological feature with other features in the region in terms of their age of origin,
sense of movement and history of movement is essential.

The incorporation of seismogenic structures into a seismotectonic model

should be firmly based on the available data and should incorporate uncertainties in the

definition of these structures.

Unsupported assumptions as to associations between earthquakes and geological
features should not be considered an appropriate assessment of uncertainty,

particularly when the geological feature in question is distant from the site.

ﬁ’&‘&IAEA
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CHARACTERIZATION

For seismogenic structures that have been identified to be pertinent to
determining the exposure of the site to earthquake hazards the associated
characteristics should be determined.

The dimensions of the structure, amount and direction of displacement,
maximum historical earthquake, palaeoseismological data, earthquake data

and comparisons with similar structures for which historical data are available

should be used In this determination.

(D) 1AEA
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Construction of a
regional seismotectonic model

POTENTIAL MAXIMUM MAGNITUDE (1)

When sufficient information about the seismological and geological history of

the movement of a fault or structure is available to allow estimates to be made of the
maximum rupture dimensions and/or displacements of future earthquakes, direct

empirical relationships can be used for evaluating the potential maximum magnitude.

I the absence of suitably detailed data, the potential maximum magnitude of a
seismogenic structure can be estimated from its total dimensions. However, to use
this approach, a fraction of the total length of the structure which can move in a single

earthquake should be used, depending on the characteristics of the fault, in particular

on its segmentation.

ﬁ’&‘&IAEA
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POTENTIAL MAXIMUM MAGNITUDE (2)

Other approaches are available for estimating potential maximum magnitudes
on the basis of statistical analysis of the magnitude-frequency recurrence
relationships for earthquakes associated with a particular structure.

These approaches assume an association between the structure and all the earthquake
data used.

In all cases the results of these methods should be consistent with the derived data.

() 1AEA
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* database mondiale (da Weallz & Coppersmith, 1324)
B database per l'area Etnea (da Azzaro, 1955)
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regional seismotectonic model

ZONES OF DIFFUSE SEISMICITY

Seismotectonic provinces may be defined in a seismotectonic model to represent diffuse
seismicity for the purpose of seismic hazard evaluation, with each seismotectonic

province being assumed to encompass an area having equal seismic potential..

Estimates about the maximum depth of focli can be made based on the fact that

earthquakes are originated in the brittle to ductile transition zone of the crust.

Significant differences In rates of seismicity may suggest different tectonic conditions and

may be used in defining boundaries.

Significant differences in hypocentral depth (for example, crustal versus deeper) may be

used to differentiate between zones.

ﬁ’&‘&IAEA
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regional seismotectonic model

CHARACTERIZATION OF DIFFUSE SEISMICITY

The maximum potential earthquake not associated with identified seismogenic structures
should be evaluated on the basis of historical data and the seismotectonic
characteristics of the zone.

Comparison with similar regions for which extensive historical data are available may be

useful, but considerable judgement should be used in the evaluation.

Often this value will have significant uncertainty owing to the relatively short period

covered by historical data with respect to the ongoing tectonism.

This uncertainty should be described by a representative distribution or by assuming an
appropriately conservative value, depending on whether a probabilistic or

deterministic hazard assessment Is used.

ﬁ’&‘&IAEA
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DIFFUSE SEISMICITY: EARTHQUAKE RECURRENCE MODEL

Earthquake recurrence should be evaluated for each zone of diffuse seismicity.

This evaluation should include determination of the appropriate earthquake recurrence
model and model parameters, and an assessment of the uncertainty in the model
and parameters.

The Poisson exponential model is generally more appropriate for zones of diffuse

seismicity. For either type of seismic source, however, alternative recurrence models

may be used with appropriate weightings to express the evaluator's uncertainty.

ﬁ’&‘&IAEA
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SEISMIC SOURCES IN INTRAPLATE REGIONS

A determination of the rate of earthquake activity for seismic sources that have few
earthquakes, as may be encountered in intraplate tectonic regions, may have
considerable uncertainty.

For these sources, determination of the slope parameter may include adopting a value
that represents the regional tectonic setting of the seismic source, for example, a

stable continental tectonic setting.

This approach may be considered viable because the slope parameter (the b value) has
been shown to vary only over a narrow range within a tectonic setting. Regardless of
the approach used to determine the slope parameter of the recurrence distribution,

uncertainty in the parameter should be appropriately assessed and incorporated Into

t@;@n‘lew analysis.
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Potential for fault displacement at or near the site

8.3 DEFINITION
The main question with regard to surface faulting is whether a fault (buried or
outcropping) at or near the site is capable.

The basis for answering such a question should be the database as incorporated in the

seismotectonic model, together with such additional specific data as may be needed.
Firstly it should be taken into consideration that surface faulting may also occur even
without being associated with significant releases of seismic energy.
Fault creep has typically been observed in areas characterized by high tectonic activity and
seismicity.
Stable sliding, seismic fault ground rupture and seismogenic surface faulting can be

considered modes of fault displacement that may occur both in time and in space along

capable faults.

(1) 1AEA



Potential for fault displacement at or near the site
CARARBLE FAULTE
8.4 A fault shall be considered capable:

1) If it shows evidence of past movement or movements (such as significant deformations
and/or dislocations) of a recurring nature within such a period that it is reasonable to
infer that further movements at or near the surface may occur. In highly active areas,
where both earthquake data and geological data consistently reveal short earthquake
recurrence intervals, periods of the order of tens of thousands of yvears (e.g., Upper
Pleistocene — Holocene — i.e. present) may be appropriate for the assessment of capable
faults. In less active areas, it is likely that much longer periods (e.g.. Pliocene—
Quaternary — i.e. present) are appropriate.

2) If a structural relationship with a known capable fault has been demonstrated such that

movement of the one fault may cause movement of the other at or near the surface.

3) If the maximum potential earthquake associated with a seismogenic structure is
sufficiently large and at such a depth that it is reasonable to infer that, in the

geodynamic setting of the plant, movement at or near the surface may occur.

() 1AEA
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Potential for fault displacement at or near the site
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Potential for fault displacement at or near the site
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Potential for fault displacement at or near the site
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Potential for fault displacement at or near the site

INVESTIGATIONS NECESSARY TO DETERMINE CAPABILITY

Sufficient surface and subsurface related data should be obtained from the investigations in
the region, near region, site vicinity and site area to show the absence of faulting at or
near the site, or, if faults are present, to describe the direction, extent and history of

movements on them and to estimate reliably the age of the most recent movement.

Particular attention should be paid to those geological and geomorphological features at or
near the site which may be particularly useful for distinguishing faulting and which may

be useful in ascertaining the age of fault movements.

When faulting is known or suspected to be present, investigations of site vicinity scale and
type should be made which include very detailed geological-geomorphological
mapping. topographical analyses, geophysical surveys. trenching., boreholes. age dating

of sediments or fauit rocks. local seismological investigations and any other appropriate

techniques to ascertain when movement last occurred.

(D) 1AEA



Potential for fault displacement at or near the site

Consideration should be given to the possibility that faults that have not
demonstrated recent near surface movement may be reactivated by
large reservoirloading, fluid injection, fluid withdrawal or other

phenomena.

Where reliable evidence shows that there may be a capable fault with the
potential to affect the safety of a plant at the site, the feasibility of
construction and safe operation of a plant at this site should be re-

evaluated and, if necessary, an alternative site should be considered.

(D) 1AEA
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EARTHQUAKE EFFECTS ON THE ENVIRONMENT

Earthquakes produce effects on the environment which are also described In
the intensity scales. Some of these effects (for example, surface faulting

liquefaction, coastline uplift), ortheir cumulative effect, can be used to
recognize past earthquakes.

|
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Potential for fault displacement at or near the site

PALEOSEISMOLOGY
The study of the geological record of past earthquakes.

Palaeoseismological studies may be useful in areas where historical earthquake records

are lacking.

0 10000 20000

PALEOSEISMOLOGY
0

HISTORICAL SEISMICITY
(1) 1AEA



Potential for fault displacement at or near the site

Paleoseismological studies should be performed using the database for the following
purposes:

* [dentification of seismogenic structures based on the recognition of effects of past
earthquakes in the region.

* Improvement of the completeness of earthquake catalogues for large events, using
identification and age dating of fossil earthquakes, mainly by trenching.

- Estimation of the maximum seismic potential of a given seismogenic structure, typically

on the basis of the displacement per event (trenching) as well as of the cumulative

effect (seismic landscape).
- Calibration of probabilistic hazard analyses, using the recurrence intervals of large

earthguakes.

(D) 1AEA
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