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2. SAFETY PRINCIPLES AND CONCEPTS
2.1. As stated in SF-1 [1]: “The fundamental safety objective is to

.’ Paragraph 2.1 of SF-1 [1] states:

“This fundamental safety objective of protecting people —
individually and collectively — and the environment has to be
AEAsatety sandards ACHI1EVEd Without unduly limiting the operation of facilities or the
— conduct of activities that give rise to radiation risks. To ensure that
ste vaatonfr — facilities are operated and activities conducted so as to achieve the
highest standards of safety that can reasonably be achieved,
measures have to be taken:

Specific Safety Requirements
No. SSR-1

(a) To control the and the

(b) To restrict the likelihood of events that might lead to

, nuclear chain reaction,
radioactive source or any other source of radiation;
(c) To of such events if they were to
occur.” 3



2. SAFETY PRINCIPLES AND CONCEPTS

2.2. Paragraph 2.2 of SF-1 [1] states:

IAEA Safety Standards
for protecting people and the environment

“The fundamental for all facilities and
activities, and for all

Site Evaluation for
Nuclear Installations

) | . This includes the associated transport
No. S5R-1 of radioactive material and management of radioactive waste.”




2. SAFETY PRINCIPLES AND CONCEPTS
2.3. This Safety Requirements publication establishes requirements
for application of the principles of SF-1 [1], in particular Principles 8
and 9:
-“All

> (Principle 8 of SF-1 [1]).
-““The primary means of preventing and mitigating the consequences
of accidents is ". Defence in depth 1s implemented
Site Evaluation for primarily through the
Nuclear Installations that would have to fail before

harmful effects could be caused to people or to the environment”
(para. 3.31 of SF-1 [1]).

IAEA Safety Standards
for protecting people and the environment

Specific Safety Requirements

No. SSR-1 -“Defence in depth 1s provided by an appropriate combination of
[inter alia] ... [ and the incorporation of
providing

” (para. 3.32 of SF-1 [1]).
-“Arrangements must be made for
” (Principle 9 of SF-

1[1]). 5
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2. SAFETY PRINCIPLES AND CONCEPTS

2.4. To address Principle 8 of SF-1 [1], site evaluation for a nuclear
installation shall characterize the natural and human induced
external hazards that could affect the safety of the nuclear
installation (see Requirement 1).

for demonstration
of protection of people and the environment from harmful effects of
lonizing radiation.

2.5.To address Principle 9 of SF-1 [1],
for demonstration of

. The site evaluation shall identify the site
characteristics that could affect the feasibility of planning effective
emergency response actions in the external zone.
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5. EVALUATION OF EXTERNAL HAZARDS

5.1. This section establishes requirements for the evaluation of
external hazards. These requirements are to be applied as appropriate
for the type of nuclear installation as well as the site under
consideration.

SEISMIC HAZARDS

Requirement 15: Evaluation of fault capability

Geological and
of the site and that are shall be
to identify whether these faults are to be considered
capable faults. For capable faults, to the

safety of the nuclear installation in terms of
and/or hazards shall be evaluated.



5. EVALUATION OF EXTERNAL HAZARDS

5.2. . The evaluation
shall consider the fault characteristics in the site vicinity. The
methods used and the investigations made shall be sufficiently
detailed to support safety related decisions.
5.3. The potential

, systems and components shall be evaluated. The
evaluation of fault displacement hazards shall include

IAEA Safety Standards
for protecting people and the environment

Site Evaluation for

Nuclear Installations fOf Safety rEIated engineered
structures to enable the evaluation of fault capability for the site.
5.4. A proposed shall be considered when

osse s raljable evidence shows the existence of a capable fault that has the
potential to affect the safety of the nuclear installation and which
cannot be compensated for by means of a combination of measures
for site protection and design features of the nuclear installation. If a
capable fault is identified in the site vicinity of an existing nuclear
Installation, the site shall be deemed unsuitable



5. EVALUATION OF EXTERNAL HAZARDS

> A fault is considered If, on the basis of geological,
geophysical, geodetic or seismological data (including
palaeoseismological and geomorphological data), one or more of the
following conditions applies:
(a) The fault shows
(significant surface deformations and/or dislocations) of a recurring
nature within such a period that it is reasonable to infer that
. In highly active areas,
where both earthquake data and geological data consistently and/or
ste vauationfor — exclusively reveal short earthquake recurrence intervals, periods of
the order of tens of thousands of years may be appropriate for the
assessment of capable faults. In less active areas, it is likely that
speotcsaey requremens—— MUCH- lOnger periods will be required.
| (b) A structural relationship with a known capable fault has been
demonstrated such that
at or near the surface.
(c)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 site, movement at or
near the surface could occur. °

IAEA Safety Standards
for protecting people and the environment




5. EVALUATION OF EXTERNAL HAZARDS
Requirement 16: Evaluation of ground motion hazards
An evaluation of shall be conducted to

, Systems and components of the
nuclear installation, as well as the

IAEA Safety Standards
for protecting people and the environment

necessary

Ste Evawatonfor —— during the lifetime of the nuclear installation.
5.5. Hazards due to

Speciic Saely Requrements by means of appropriate methods. The effect of the
vibratory ground motion in combination with other seismically
induced events, if any, shall be considered. The potential for

Such as construction of



Review: Earthquakes and Earthquake Engineering

. 1s the scientific study of
through the earth or through other planet-like bodies. The field also
includes studies of earthquake effects, such as as well as diverse seismic
sources such as
(such as explosions).

A related field that uses geology to infer information regarding past earthquakes
IS . Arecording of earth motion as a function of time is called
a A IS a scientist who does research in seismology.

, links physics with other geosciences (geology,
gephysics, geography)

(~10°—10' m)
\Very wave (~10°-10%s)
Very (second half of the 19t century)

11



Review: Earthquakes and Earthquake Engineering

Seismology deals with all aspects of earthquakes:

A)

. earthquakes (microseismology)

. of earthquakes

 Observing (macroseismology)
B)

» Estimation of
» Estimation of

C) Physical Seismology

* Study of the properties of the Earth’s interior
« Study of physical characteristics of seismic sources

12



Review: Earthquakes and Earthquake Engineering

Sudden release of strain energy through movement
along a fault.

Myths about earthquakes:

I

13



Review: Earthquakes and Earthquake Engineering

Kilometers

Asthenosphere

Continental
crust

Lithosphere

200

Vertical scale is 10x

Mesosphere the horizontal scale

Continental
crust thickness
greatly exaggerated

Temperature
and pressure Mesosphere: hot but stronger
increase due to high pressure
with depth
Asthenosphere:
; hot, weak, plastic
0
Lithosphere:
Surfegs cool, rigid, brittle

Copyright 1988 John Wiley and Song, Inc. All rights reserved.



Review: Earthquakes and Earthquake Engineering

* Crust the shallowest layer.
« The most heterogeneous layer in the Earth.

« ~ 33 km thick for continents and ~10 km thick beneath oceans;
however it varies from just a few km to over 70 km globally.

Continental crust

. Oceanic crust

The boundary between the crust and the mantle is mostly chemical.

The crust and mantle have different compositions.

This boundary is referred to as the Mohorovicic discontinuity
or “Moho”.

It was discovered in 1910 by the Croatian seismologist Andrija
Mohorovicic.

15



Review: Earthquakes and Earthquake Engineering

Crustal Thicknesses

http://quake.wr.usgs.gov/research/structure/CrustalStructure/index.html

16



Review: Earthquakes and Earthquake Engineering

Heat Convection

Convective heat transfer, often .

referred to simply as convection, \ "- '
is the transfer of heat from one O s,
place to another by the movement
of fluids.

Convection in the astenosphere
enables tectonic processes —
PLATE TECTONICS

17



Review: Earthquakes and Earthquake Engineering

PLATE TECTONICS theory is very young (1960-1es)

Basic Idea: A shell of ridig plates (continents are “rafting” on a
viscous interior (mantle)

It provides answers to the most fundamental questions In
seismology:

* Why earthquakes occur?

» Why are earthquake epicenters not
uniformly distributed around the globe?

At what depths are their foci?

18



Review:

Earthquakes and Earthquake Engineering

Evidence for Plate Movements

*Geology

*Topological

Paleontology and Paleoclimates

*Hot spots

*Seismology

*GPS

Earthquakes

*\/olcanoes

Mountains

19
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Seismicity in the World

20



MAJOR TECTONIC PLATES
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Review: Earthquakes and Earthquake Engineering

Plate Movements

(2

Plate Boundaries

PACIFIC
PLATE

[Scm per year |4

.\X :
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Review: Earthquakes and Earthquake Engineering

Plate Tectonic Processes

() Te Cto n I C are | arg e Spreading Center

parts of litosphere T T
on the -
aStenOSphe re Convection

 Convective currents move them around with velocities of
several cm/year.

 The with one another in three basic ways:
a)
) from each other

C) one past another

23



Review: Earthquakes and Earthquake Engineering

« Collision leads to
SUBDUCTION of one
plate under another.
Mountain ranges may also
be formed (Himalayas,
Alps...).

It produces strong and
sometimes very deep
earthquakes (up to 700
km).

* Volcanoes also occur EXAMPLES: Nazca — South America
there.

Eurasia — Pacific
1960 Chilean EQ, M=9.5
1964 Alaskan EQ M=9.2
1994 Bolivian EQ M=8.3

24



Review: Earthquakes and Earthquake Engineering

Plate Tectonic Processes

« Plates moving
away from each
other produce
RIDGES between T TR "5"3?3"5" R
them (spreading
centres).

* The earthquakes
are generally

Spreading Center

Convection

weaker thaninthe  gxamPLES: Mid-Atlantic ridge
case of _ (African — South American plates,
subduction. Euroasian —North American plates)

Red Sea 1995 Nuweiba EQ

25

Nazca Ridge



Review: Earthquakes and Earthquake Engineering

|l Plate1 | Plate 2 |
Rt ' Mid-ocean

valley ridge

 Plates moving past each R
other do so along the
TRANSFORM FAULTS.

« The earthquakes may be
very strong.

EXAMPLES: San Andreas Fault e
(Pacific — North American plate) = y

rights reserved



Review: Earthquakes and Earthquake Engineering

 Earthquakes occur at FAULTS.
» Fault Is a weak zone separating two geological blocks.

e Tectonic forces
cause the blocks strike-slip

to move relative "’ ’w

one to another.

fault

normal
fault '
l reverse

27



Review: Earthquakes and Earthquake Engineering

Elastic Rebound Theory
Relates Faulting and Earthquakes

Elastic strain
@ _4—%\\ ]
Prior to fault. Elastic strain energy
the road is straight accumulates, deforming
the crust
Lateral fault
J.l } PR T .
== o b
| ——— | 1 MR
The fault ruptures the crust, After the earthquake, R
releasing seismic energy elastic rebound results LI

in offset along the fault

+ Fence offset in 1906 quake
on San Andreas Fault




Review: Earthquakes and Earthquake Engineering

Bujuiea] uoswoy L - 3409/$400.g L00ZO
I

Deformation N &

Rocks rebound to original undeformed shape Wave front Fault

« Because of friction, the blocks do not slide, but are deformed.

» When the stresses within rocks exceed friction, rupture occurs.

« Elastic energy, stored in the system, is released after rupture in waves
that radiate outward from the fault. 29



Review: Earthquakes and Earthquake Engineering
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Review: Earthquakes and Earthquake Engineering

B After we know the distance
of epicentre from at least
three stations we may find
the epicentre like this
B There are more sofisticated
methods of locating >
positions of earthquake
foci. This Is a classic
example of an inverse
problem.

31



Review: Earthquakes and Earthquake Engineering

Formula:

M =log(A) + c, log (D) + ¢,

where A is amplitude of ground motion, D is epicentral
distance, and c,, c, are constants.

B There are many types of magnitude in seismological
practice, depending which waves are used to measure the
amplitude:

ML, mp, Mc, Ms, My, ...

B [ncrease of 1 magnitude unit means ~32 times more
released seismic energy!

32
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Review: Earthquakes and Earthquake Engineering

@ Ston-Slano, noncumulative frequencies

lng N= 5344 -1.167 M
Nigt = 1807

I I

1 1 1 T T T T
20 25 30 35 40 45 350 45 6.0

My

B Gutenberg-Richter
frequency-magnitude
relation:

log N =a - bM

M b is approximately
constant, b = 1 world-wide
— there are ~10 more
times M=5 than M=6
earthquakes

B This shows selfsimilarity
and fractal nature of
earthquakes. »
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Seismic Hazards and Site Evaluation
for Nuclear Installations

1.4. The objective of this Safety Guide is to provide recommendations on
how to meet the requirements established in SSR-1 [1] in relation to the
evaluation of hazards generated by earthquakes that might affect a nuclear
installation site and, in particular, on how to determine the following:

IAEA Safety Standards

(a) necessary to establish the
Seicc haarde design basis ground motions and other relevant parameters for the de3|gn
Site Evaluation for and safety assessment of
Nuclear Installations (b) The potential for, and the rate of, that

could affect the feasibility of a site for a new nuclear installation or the
safe operation of an existing installation at a site;
(c) The earthquake parameters necessary for assessing the associated

Specific Safety Guide
No. SSG-9 (Rev. 1)

and concomitant events (e.g. external flooding phenomena
such as tsunamis and fires).

35



Seismic Hazards and Site Evaluation
for Nuclear Installations

Scope

1.8. The recommendations for nuclear power plants are applicable to
other nuclear installations by means of a graded approach, whereby
these recommendations can be customized to suit the needs of nuclear
installations of different types in accordance with the potential radiological
IAEA Safety Standards . . . . .
rrrrrerrrr— CONnsequences of their failure when subjected to seismic loads. The

recommended approach is to start with the recommendations for
Solsmie Hazards In nuclear power plants and to modify the application of those
Nuclear Installations recommendations until they are commensurate with installations with

which lesser radiological consequences are associated. If no grading is
e sty e performed, the recommendations relating to nuclear power plants
No. $5G-9 (Rev. 1) should be applied to other types of nuclear installation. The level of
(Dmea detail and the effort devoted to evaluating the seismic hazards at existing
installation sites should be commensurate with a number of additional
factors (e.g. the time remaining until the installation is expected to be
shut down, the stage of site remediation, the severity of the seismic
hazards where the site is located).

36



Seismic Hazards and Site Evaluation
for Nuclear Installations

1.9. For the purpose of this Safety Guide, existing nuclear
Installations are installations that are (a)
(including long term operation and extended temporary shutdown

IAEA Safety Standards

periods); (b) for which the construction
Seieric Hasards i of structures, the manufacturing, installation and/or assembly of
Site Evaluation for components and systems, and commissioning activities are

Nuclear Installations

significantly advanced or fully completed; or (c)

Specific Safety Guide (eg in the

No. SSG-9 (Rev. 1)
Omea reactor core or the spent fuel pool).

37



Seismic Hazards and Site Evaluation
for Nuclear Installations

1.10. Earthquakes generate several direct and indirect phenomena,

from
such as permanent ground displacement

IAEA Safety Standards

(e.g.

Seismic Hazards in

Site Evaluation for ), to subsequent concomitant events such as seismically
Nuclear Installations . . . . , .
Induced fires and floods. This Safety Guide provides guidance on
how to consistently characterize and define the seismic parameters

et e necessary for evaluating the geological and geotechnical hazards
(@) mea and concomitant events as described in IAEA Safety Standards
DI Series No.

[3], and IAEA Safety
Standards Series

38



Seismic Hazards and Site Evaluation
for Nuclear Installations

2.1.The following requirements are established in SSR-1 [1]:
Requirement 15: Evaluation of fault capability

“ larger than a certain size and within a certain distance of the
for protecting people and the environment Site and that are to identify

IAEA Safety Standards

Seismic Hazards in
Site Evaluation for
Nuclear Installations

potential challenges to the safety of the nuclear installation in terms of

29

No. 556-6 (Rov. 1) Requirement 16: Evaluation of ground motion hazards
HY1AEA ) )
(aea “An evaluation of to provide the

input needed for the seismic design or safety upgrading of the structures,
systems and components of the nuclear installation, as well as the input for
performing the necessary

during the lifetime of the nuclear installation.”
39



Review: Fault Displacement

Slip rate: mm/year
Slip per event: Average and maximum slip per event

BLACK SEA

North Anatolian
fault

Area of Map Above TURKEY




Review: Earthquakes and Earthquake Engineering

Elastic waves — Body waves
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Review: Earthquakes and Earthquake Engineering

Elastic waves — Surface waves

©2001 Brooks/Cole - Thomson Learning

(Ibl)ll,lol\;e]vlvave G i % Rayleigh wave © Love wave
Surface waves: Rayleigh and Love waves
B Their amplitude diminishes with the depth.

B They have large amplitudes and are slower than body
waves.

B These are dispersive waves (large periods are faster).

n'['??%.;;

42



Review: Wave Propagation: Definitions

» Wave propagation

Wave
l-l— Wavelength —r‘ /

U: Uy gre SIMW,, (T)

w:circular freq.= 2nf

f:1/T

43



Review: Types of Waves

* Body Wave

* P (waves) compression _

S (waves) shear

P wave

|III|HIl|l|I||IIlIIIIlIlIIIIIHIIIIIII

I 1 LOEEL L DL
4—¢|Illo—"

S wave

/\/\/‘\/‘\/

Lw ele .h—!

2G(1 —v)
p(1—2v)

e

Typical granit rocks
Vp=5-6 km/s
V.=3-4 km/s

Water

Vp=1.5 km/s

V.=0 km/s
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Review: Some Definitions

e Seismograph

¢ Seismogram .
| —lTimeé,r |
« Accelerogram : of

0 2 4 6 8 10 12 14 16 18 20
Time (s)

45



Review: Earthquakes and Earthquake Eng:- Kt

Seismographs

B Modern digital broadband
seismographs are capable of recording
almost the whole seismological
spectrum (50 Hz — 300 s).

B Their resolution of 24 bits (high
dynamic range) allows for precise
recording of small quakes, as well as
unsaturated registration of the largest
ones.




Review: Earthquakes and Earthquake Engineering

Seismogram

Earthquake in Japan  Station in Germany

Magnitude 6.5

SEAOLASD 14300 LT

P 'S - surface waves
Up-Down .

ooy HIMWWWW*
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Review: Earthquakes and Earthquake Engineering

Vibratory Ground Motion

48



Seismic Hazards and Site Evaluation
for Nuclear Installations

2.4. The evaluation of seismic hazards for a nuclear installation site should be

done through the implementation of a specific project plan for which clear and

detailed objectives are defined, and with a project organization and structure
IAEA Safety Standards that provides for and a reasonable
basis on which to compare results for all types of seismic hazard. This project
plan should include an independent peer review. It should be carried out by a

for protecting people and the environment

Seismic Hazards in
Site Evaluation for
Nuclear Installations

. The members of the team for the
peciic Saety Guide seismic hazard assessment project and the independent peer review should
No. 85G-9 (Rev. 1) demonstrate expertise and experience commensurate with their role in the
(Diaea project. Figure 1 shows the seismic hazard assessment process as a whole and
the general steps and sequence to be followed.

49



Seismic Hazards and Site Evaluation
for Nuclear Installations

IAEA Safety Standards

Seismic Hazards in
Site Evaluation for
Nuclear Installations

Specific Safety Guide
No. SSG-9 (Rev. 1)

LYV IAEA

International Atamic Energy Agency

MNECESSARY INFORMATION AND INVESTIGATIONS: h
GEDLOGICAL, GEDPHYSICAL, GEOTECHNICAL AND SEISMOLOGICAL DATABASE
[Section 3)
s &
¥ ¥
- GEDLOGICAL, GEDPHYSICAL AND SEISMIOLOGICAL DATABASE: )
GEDTECHISCAL DATABASE - Pretarica sempora e
. . = Higtorical [pre-instrumentzl and
= Near regional spatial scale -
* Site vicinity spatial sale instrumental ) temporal scale
b = Site area spatial scale A
¥
[SITESHI‘I:I:'HHIE'_'I’ EARTHOUAKE CATALDGUE ]
|
¥
i DEVELOPMENT OF SEISMIC SOURCE MODELS [Section 4)
Deetailed characterization of two types of seismic source:
= Seismogenic structures fdentified seismic sournces)
= Zones of diffuse ssismicity
.
]
¥
ESTIMATION OF VIBRATORY GROUND ) EVALUATION OF POTENTIAL
MOTION [Section 5) FOR FAULT DISPLACEMENT
= Ground motion prediction equations (GMPEs) PHENOMENA (Section 7)
=  Grownd motion simulation based on fault = Mewsite
\_ rupture modelling _’) = Existing site:
i + R
VIBRATORY GROUMND MOTION
HAZARD AMALYSIS [Section 6]
+ : + ASSOCIATED GEOLOGICAL
™ AND GEOTECHMICAL
PROBABILISTIC DETERMINISTIC HAZARDS [Section B)
SEISMIC HAZARD SEISMIC HAZARD = Liquefaction patential
kﬁﬂﬁlﬁlﬂﬁ“ﬁl ANALYSIS [DSHA]) ) = Slopeinstability

| |
¥
SITE RESPOMNSE ANALYSIS

)

DOUTPUT FOR ENGINEERING USES

(section 8]

= Uniform hazand response spectra (&t
control point)
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Review: Seismic Hazard Assessment Framework
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Seismic Hazards and Site Evaluation
for Nuclear Installations

2.5.The general approach to seismic hazard assessment should be directed

towards the
through all stages of the project. Experience shows that the

IAEA Safety Standards most effective way of achieving this is to

. There is generally a compromise between the time
o _ and effort needed to compile a detailed, reliable and relevant database and the

Seismic Hazards in . . . .

Site Evaluation for degree of uncertainty that should be taken into consideration at each step of the

Nuclear Installations proceSS. ThUS,

in the final results obtained.

Specific Safety Guide

No. SSG-9 (Rev. 1)
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Seismic Hazards and Site Evaluation
for Nuclear Installations

2.6.Therefore, an adequate method for identification, quantification and
treatment of the uncertainties should be formulated at the beginning of the
project. In general, significant uncertainties are associated with the seismic

IAEA Safety Standards hazard assessment process. Basically, are identified
for practical application in seismic hazard assessment: (i)

o _ of the seismic process, which is inherent in phenomena that occur
Seismic Hazards in ) .
Site Evaluation for in @ random manner and as such cannot be reduced, even by collecting more
Nuclear Installations data, and (ii) , Which is attributable to incomplete

knowledge about a phenomenon (therefore affecting the ability to model it) and
G peciic Sofety G which can be reduced through the acquisition of additional data (including site
No. $5G-8 (Rev. 1) specific data), further research and interaction between experts considering the
(Diaea diversity of their professional judgement [2].3

2.7. Site specific, sufficient and reliable data should be collected in the seismic

hazard assessment process. However, part of the data used indirectly in the

seismic hazard analysis might not be site specific (in particular, the data on

strong motions used to develop

)). Therefore, relevant uncertainties should be taken into
consideration. 53




Seismic Hazards and Site Evaluation
for Nuclear Installations

2.8.0ne of the main sources of epistemic uncertainty in seismic hazard
assessment is the differences in interpretation of the available data owing to the
diversity of professional judgement of the experts participating in the hazard

assessment process. Care should be taken to avoid bias in these interpretations.
IAEA Safety Standards

for protecting people and the environment

. The project team for the seismic hazard assessment should evaluate,

Seismic Hazards in without bias, all hypotheses and models supported by the data compiled and
Ste Svauation for should then develop an integrated model that takes into account both existing

knowledge and uncertainties in the data. Where it is required to evaluate much
longer periods (lower exceedance frequencies) than the data permit, knowledge

Specic afely e of the r_egional and local geodynamics and neotectonics can support the use of
expert judgement.
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for protecting people and the environment

Seismic Hazards in
Site Evaluation for
Nuclear Installations
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Seismic Hazards and Site Evaluation

for Nuclear Installations

2.9.

. To address the diversity of
scientific interpretations, the centre, body and range of the technically
defensible interpretations should be properly captured [6]. For this purpose,

with appropriate qualifications in each of
the relevant areas should be involved in developing a model that robustly
represents the epistemic uncertainties relating to methods and models
employed in the seismic hazard assessment. Where an approach makes use of
expert elicitation, care should be exercised to ensure that professional
judgements made by experts are supported, so far as is practicable, by the
available earth science data. Also, adequate consideration should be given to
uncertainties using suitable (e.g. conservative, best estimate) and credible
models, methods and scenarios — based on the concept of technically
defensible interpretations — as appropriate for the evaluation framework (i.e.
deterministic or probabilistic) and the target confidence levels.
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Seismic Hazards and Site Evaluation
for Nuclear Installations

2.10. A set of quality assurance documents should be prepared and properly

updated during the seismic hazard assessment process. All technical references

used in the process will be useful, since the guidance they provide might be

interpreted in different ways. An unambiguous set of project specific quality
IAEA Safety Standards dOCumentS (eg

for protecting people and the environment

Seismic Hazards in

Stte Evaluation for . More detailed recommendations on this topic are provided in Section

Nuclear Installations

10.

2.11. As indicated in para. 2.8, uncertainties that cannot be reduced by means
Specic afely e of gite specific investigations (e.g. uncertainties a}rising from the use of GMPES

derived for other parts of the world) do not permit hazard values to decrease
(Daea below certain threshold values. For this reason, and irrespective of any lower

apparent seismic hazard associated with the site,

, safety assessment and/or seismic safety evaluation of any
nuclear installation, and that minimum level should be adopted when applying

the recommendations in SSG-67 [5]. e



Seismic Hazards and Site Evaluation
for Nuclear Installations

3.1. A comprehensive and integrated database of
should be compiled in a coherent
form for use in evaluating and resolving issues relating to hazards generated by

earthquakes.
IAEA Safety Standards

for protecting people and the environment

3.2.1t should be ensured that each element of each individual database has been

Seismic Hazards in investigated as fully as possible before integration of the various elements into
Site Evaluation for : :
Nucloar Installations is attempted. The integrated database should

, hot only geological, geophysical,
geotechnical and seismological data but also any other information relevant to
Specic afely e evalugting the vib_ratory ground mo_tion, the fault displacement p_henomena, the
associated geological and geotechnical hazards, and the concomitant events
(Duaen affecting the site.
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Seismic Hazards and Site Evaluation
for Nuclear Installations

3.1. A comprehensive and integrated database of
should be compiled in a coherent
form for use in evaluating and resolving issues relating to hazards generated by
earthquakes.
IAEA Safety Standards 3.3.The data and information to be acquired for the geological, geophysical,
geotechnical and seismological
Seismic Hazards in and a temporal scale commensurate with the potential of the seismic hazards to
ﬁﬁigﬂﬁz{;tﬁ; . affect the safety of the nuclear installation at the site.
3.4. In relation to the , SSR-1
[1] states:

for protecting people and the environment

Specific Safety Guide
No. SSG-9 (Rev. 1)

“ with regard to the
characteristics that could affect the safety of the nuclear installation and the
potential radiological impact of the nuclear installation on people and the
environment.
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for Nuclear Installations

3.6. for which the
geological, geophysical, geotechnical and seismological database should be
compiled , and

the recommendations provided in para. 2.3 should be used to define the
appropriate size of the region to be investigated.

3.7.The geological, geophysical and geotechnical investigations for evaluating
the seismic hazards at the site should be conducted on

IAEA Safety Standards

for protecting people and the environ

Seismic Hazards in

Site Evaluation for leading to progressively more detailed investigations, data and information.
Nuclear Installations . ] ; .
The detail and type of these data are determined by the different spatial
geographical scales. The first three scales of investigation lead, primarily, to

Specific Safety Guide progressively more detailed geological and geophysical data and information.
o sses ey The site area investigations are mainly aimed at developing the geophysical
(G)aea and geotechnical database for evaluation of vibratory ground motion and fault

displacement.
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for Nuclear Installations

3.8. With the completion of the geological, geophysical and geotechnical
investigations , all seismogenic features that have
been identified and characterized, including assessment of the uncertainties for
all fault parameters, should be documented finally and in a systematic way to

IAEA Safety Standards , SO that similar attributes for all seismic
sources can be compiled in the ¢ ’ (also known as the

Seismic Hazards in ‘pI'Oj ect fault pOI'thliO,).

Site Evaluation for 3.9.The seismological database should include all available information and

Nuclear Installations

data on earthquake events that have occurred in the region, and such
information and data should cover the
Specific Safety Guide . The historical temporal scale should be further subdivided into

No. SSG-9 (Rev. 1)

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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for Nuclear Installations

3.11.In investigations

from the
site. Thus, the sources of earthquakes that can generate relevant seismic
IAEA Safety Standards hazards and relevant tsunami hazards at the site might not be the same. For
tsunamis generated by earthquake induced submarine landslides, the models

for protecting people and the environment

Seismic Hazards in used to calculate the ground motion inducing the landslide should be consistent
Site Evaluation for with those models used in the seismic hazard assessment for the nuclear
Nuclear Installations . .
installation.
Specific Safety Guide 3.12.New techniques that have recently emerged in the acquisition and
Ho-seea e D processing of data (e.g.
($)1aEA ) for the identification and characterization of seismic

sources should be implemented. It is also possible that new types of data might
be generated as a result of these technological developments. While it is
recommended that state of the art, new, updated and recognized technological
developments be implemented, such developments should first be checked for
adequacy and effectiveness before being used in a nuclear installation site

" . 61
evaluation project.



Seismic Hazards and Site Evaluation
for Nuclear Installations

3.13.As earthquakes produce observable effects on the environment,
, @S necessary, at any of the
four spatial scales to achieve the following:

IAEA Safety Standards (a) To identify the on the basis of recognition of
effects of past earthquakes in the region.

Seismic Hazards in (b) To improve the for large events,

Site Evaluation for using identification and age dating of geological markers such as fossils. For

Nuclear Installations

example, observations of trenching across the identified potential capable faults
may be useful in estimating the amount of displacement (e.g. from the

Specific Safety Guide thickness of colluvial wedges) and its rate of occurrence (e.g. by age dating of
Ho-seea e D the sediments). Also, studies of palaeo-liquefaction, palaeo-landslides and
($)1aEA palaeo-tsunamis can provide evidence of the recurrence and intensity of
earthquakes.
(c) To estimate the (and the associated

uncertainty) of a given seismogenic structure, typically based on the maximal
dimensions of the structure and the displacement per event (estimated from the
trenching) as well as the cumulative effect of all seismogenic structures

(estimated from the seismic landscape). .
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Site Evaluation for
Nuclear Installations

Specific Safety Guide

Seismic Hazards and Site Evaluation
for Nuclear Installations

3.14.To achieve consistency in the presentation of information, the data should
be compiled ina :
All data should be stored in a uniform reference frame to facilitate comparison
and integration.

3.15.When a seismic hazard assessment is performed during the lifetime of the
nuclear installation (e.g. for a periodic safety review or a seismic probabilistic
safety assessment), in accordance
with the recommendations provided in paras 3.1-3.14 above as part of the
seismic hazard re-evaluation process.

No. SSG-9 (Rev. 1)
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Seismic Hazards and Site Evaluation
for Nuclear Installations

3.16. The purpose of obtaining

IAEA Safety Standards

for protecting people and the environment

Seismic Hazards in , such
Site Evaluation for as lithology, geomorphology, stratigraphy and fault investigations, that might

Nuclear Installations . . . .
influence or relate to the seismic hazard at the site.

Specific Safety Guide 3.17. Thus, the extent of the geographical area of interest at a regional scale
Ho-s8eE Fen D should be defined in accordance with the recommendations provided in para.
($)1aEA 3.6 and by considering the potential sources of all hazards generated by

earthquakes that might affect the safety of the nuclear installations at the
selected site. The size of the region to be investigated when assessing vibratory
ground motion hazards should be large enough to incorporate all seismogenic
structures that could affect the nuclear installation:

64



Seismic Hazards and Site Evaluation
for Nuclear Installations

3.18.
(e.g. data from the literature; data on the country as a
e Satety Standards whole; remote sensing data; data derived from existing galleries or road cuts,
geophysical surveys or geotechnical characteristics) should be searched and, if
Seismic Hazards in necessary, confirmed by direct observation through geological field
Stte Evauation for reconnaissance Visits.

Nuclear Installations

for protecting people and the environment

3.19.Where
Specifc Safly Gude relevant to the seismic hazard at the
Site, ; If necessary, these data
(Dnea should be interpreted using reasonable and defensible hypotheses. It may be

necessary to complement the data by acquiring new geological and geophysical
data of sufficient detail, similar to the level of detail for the near region. If
needed, identification and analysis of geological and geomorphological
evidence (i.e. palaeoseismology; see para. 3.13) of pre-historical and historical
earthquakes, including geodynamic investigations, should also be performed
for this purpose.



IAEA Safety Standards
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Seismic Hazards and Site Evaluation
for Nuclear Installations

3.20.The data collected at the regional scale

, With appropriate cross-sections. The collected data and the
results obtained should have a resolution consistent with maps at the
appropriate scale. The data should be organized in the project geographical
information system within the layer of regional scale information, and a
summary report should be prepared to describe the studies and investigations
performed and results obtained, particularly in relation to the seismogenic

No. SSG-9 (Rev. 1)

structures identified at this stage of the studies.
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for Nuclear Installations

3.21. Geological, geophysical and geotechnical investigations should be
IAEA Safety Standards conducted in more detail in the near region to
than that available from the regional studies, with the following

for protecting people and the environment

Seismic Hazards in ObjeCtiveS:
ﬁiﬁi.f;’?l‘éitﬁ{; tfi%; . (a) To define the seismotectonic characteristics of the near region;
(b) To determine the most recent movements of the seismogenic structures
and/or potential capable faults identified in the near region;
Specific Safety Guide (c) To determine the amount and nature of displacements, rates of activity and
o sses ey evidence relating to the segmentation of such seismogenic structures.

3.22. The near regional studies should include

, although this
dimension should be adjusted to reflect local seismotectonic conditions. For
new nuclear installation sites for which the exact layout of the buildings and
structures has not been defined, the near regional area should be defined from

the boundary of the prospective site area. o



Seismic Hazards and Site Evaluation
for Nuclear Installations

3.27. In addition to the information collected at the regional and near regional
scales, more specific geological, geophysical and geotechnical studies should
ety Standards be conducted in the site vicinity with the objective of providing

for protecting people and the environment

Seismic Hazards in of the identified

Ste Bvauation for seismogenic structures (e.g. faults), especially to determine the potential for
and the rate of fault displacement at the site (fault capability) and to identify
conditions of potential geological and/or geotechnical instability and associated

Spectc Safely uide earthquake generated hazards that might affect the nuclear installation.

(Daea 3.28.Site vicinity studies should cover a geographical area sufficient to
encompass all faults and other seismotectonic features requiring detailed
geophysical investigation; (see para.

1.12 of SSR-1 [1]) in radius from the site boundary. For new nuclear
installation sites for which the exact layout of the buildings and structures has
not been defined, the 5 km radius should be defined from the boundary of the
prospective site area.



Seismic Hazards and Site Evaluation
for Nuclear Installations

3.32. Additional geological, geophysical, geotechnical and seismological site
IAEA Safety Standards specific studies should be conducted in the nuclear installation site area with

the primary objective of providing (a) detailed knowledge for assessing the
Seismic Hazards in potential for phenomena associated with
Site Evaluation for earthquakes (e.g. surface fault rupture, liquefaction, subsidence or collapse due
Nuclear Installations . . .

to subsurface cavities) and (b) information on the

beneath the structure’s foundations (e.g.

for protecting people and the environment

Specifc Safety Guide P wave and S wave velocities, seismic quality factor Q,5 density) to be used in
o sses ey the site response analysis to assess the vibratory ground motions that might
(G)aea affect the safety of the structures, systems and components of the nuclear

installation.
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for Nuclear Installations

3.33. The site area studies

. For a proposed new site for a nuclear installation, at the
site evaluation stage the exact layout of the units and/or installations might not
yet be known and, for this reason, the entire prospective site area should be
considered. For the existing site of an operating nuclear installation for which
seismic safety re-evaluation is required, the site area will generally be well
defined. If construction is planned for additional nuclear installation units on
the existing site area, this should be taken into consideration in defining the

No. SSG-9 (Rev. 1)

extent of the site area.
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Seismic Hazards and Site Evaluation
for Nuclear Installations

3.36. To enable reliable characterization of events that occur with very long

recurrence periods (or very low annual frequencies of exceedance), the

seismological database should include information on past events that might
IAEA Safety Standards have generated seismic hazards at the site. The database should recognize two

types of data relating to two temporal scales — historical and pre-historical —
Seismic Hazards in as deﬁned bGlOW:

Site Evaluation for
Nuclear Installations

for protecting people and the environment

: the period for which there are documented records of
earthquake events. This period is further subdivided as follows:

Specific Safety Guide (i) Pre-instrumental (or non-instrumental) period: the period before the
Ho-s8eE Fen D development and use of instruments to record earthquake parameters;
($)1aEA (i1) Instrumental period: the period after the development and use of

instruments to record earthquake parameters.

the period for which there are no documented
records of earthquake events. It includes the period in which earthquake
evidence might only be retrieved from archaeological sites as described in
carvings, paintings, monuments, drawings and other artefacts, including

- 5 0 0 72
palaeoseismological and geological evidence.



Review: Magnitude Scales

 Magnitude arbitrarily defined measure of relative EQ size
« Energy proportonal to the size of EQ and is physically relevant parameter

* Intensity subjective quantification of EQs based on the level of damage to
the built enviroment and people’s perception. It is related to EQ size, but
Intimately tied to wave propagation and local site response (Mercalli
Intensity)

M =log(A@T) f (A, h) + Cs + Cp

T. period of the signal

F: correction for epicentral distance A and focal depth h.
Cs: correction for siting of a station (soil or rock)

Cr: source region correction
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Review: Magnitude Scales

Richter Magnitude Surface wave Magnitude

M, =log A—2.48+2.76A M, =log A+1.66-logA+2.0

Body Wave Magnitude

m, =logA—-logT+0.01-logA+5.9

A : The maximum AMPLITUDE of ground displacement in micro

meters.
A : Seismometer’s distance measure to the epicenter

T : The periof of the P wave
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Review: Magnitude Scales

* Local (Richter) magnitude M.

— Based on peak amplitude of Wood and Anderson seismometer
(T=0.8S, G=2080, z=0.7)

M; = logA — 2.48 + 2.76A saturates ~ 6.5

* Body wave magnitude Mo

— Based on the amplitude of the P-wave. This magnitude is based
on the first few cycles of the P-wave arrival

M = log(A@T) + 6(h,A) saturates ~ Mb=5.5-6.0
A: ground motion amplitude in micrometers
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Review: Magnitude Scales

« Surface wave magnitude Ms

— Beyond ~ 600 km the long period seismograms of shallow EQs
are dominated by surface waves (T=20 sec)

Mg = logA,psec + 1.66logA + 2.0  saturates ~ 7.5-8.0

 Moment magnitude Mw
— Seismic moment ‘M, = uAD

u: Shear modulus of rock (~3x101t dyn/cm?)
A: area of fault slip (cm?)

D: average fault movement
logM, = 1.5M,, + 16.05
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Review: Moment Magnitude

Moment Magnitude

My =p-A-D —> Seismic Moment

logM _
M, = --10.7 ——> Moment Magnitude

M : Shear Modulus of Rock
A : Rupture Area
D : Average fault rupture
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3.54. To acquire more detailed information on potential seismic sources, it is
advantageous to install or have access to
. This system should be
and within
ety Standards the site itself. The seismometers should have the capability of
. The design of the

for protecting people and the environment

Seismic Hazards in seismic monitoring network system should be suitable for the geological
Ste Bvauation for setting and for assessing the seismic hazards at the site. The data obtained from

the operation of this system should also be used as a supporting tool in
decisions regarding the capability of faults (see Section 7).
Specific Safety Guide 3.55. The seismic monitoring network system

No. SSG-9 (Rev. 1)

. For existing sites
(Daea for which such systems were not originally deployed, the seismic monitoring
network system should be installed from the beginning of the seismic safety
re-evaluation programme. These systems should be operated during the whole
lifetime of the nuclear installation.

3.56. The operation and data processing of these seismic monitoring network

systems should be .



Seismological Database

Macroseismicity distribution for M>4 (KOERI catalogue)
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Seismological Database
Catalogue for a PSHA/DSHA: Indonesia case.
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Seismological Database
Indonesia case: Historical information: Isoseismal map
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Seismological Database

Indonesian case: Large historical earthquakes and rupture zones due to large
earthquakes along the Sumatra subduction . Source: USGS

EXPLANATION
Main Shock

* 28 March 2005

Aftershocks
5 40-49
© 50-59
0 6.0-6.9
‘| Main Shock

* 26 December 2004

Rupture Zones

1833

=9 1861

777. 2004 Aftershocks
NN 2005 Aftershocks




Seismological Database

Example of strong motion database:
L) - %

Name: Umbria Marche [aftershock) Country: Italy Flinn-Engdahl region: Central [taly Earthquake 1D: 291
rr-MM-D0 HH:MM:SS Earthquake name Co Latitude Lo Date: 1337-10-06 Time: 232400
wWID Station name Ca de df dr s PGA Latitude: 430719 Longitude: 12.838E Horizontal error: Ok Depth: Fkm Yertical ermor: Tkm CRUSTZ0
ki km km s = RMS:  unknown Humber of stations reporting earthquake: unknown
000593 Nocera Umbra IT 13 11 13 A* 5,1010 3 Log MO [Nm}): 17.37 Mw: 558 Reference: Harvard University
000763 Borgo-Cerreto Torre IT 23 18 15 A% 1.8227 4 Mg 520 s.d. Ms:  unknown Mumber of stations:  unknown Reference:  Imperial Callege of Science, Technology and Medicine
000537 Monte Fiegni IT 24 22 22 A% 0.2438  (
oooEEl Assisi-Stallone IT 24 21 22 A% 1.5256  Sgh 53 s.d. mb:  unknown Mumber of stations:  unknown Reference:  Intemational Seismaological Center
000595 Eevagna o IT 25 23 24 B* 0.5200 9 i ) L ) -
000595 Castelnuovo-Assisi IT 25 =21 22 C* 0.3gl5 5 ML: 54 sd. ML: unknown Mumber of stations:  unknown Reference:  Amato, A, Azzara, R, Chiarabba, C.. Cimini, G., Cocco, M., di Bona, M., Margheriti, L., et al. [1998]
000601 Matelica IT 27 24 24 B¥ 0.4588 1 ) ) ) ) ) .
000503 Cascia IT 35 31 32 A* 0.28589 o Epicentral intensity: |+ [MC5] Reference: Istituta Mazionale di Geofisica [1997)
000611 Gubbio-Fiana IT 41 38 3% C* 0.3310 3 . . . . .
000&12 Rieti . IT 86 61 &l D 0.243% 4 P axis trend: 207 P axis plunge: 66
000655 Eorgo-Ottomila 2 IT 126 122 122 C* 0.0867 3
1997-09-26 09:40:30 Umbria Marche IT 43.021N 12.% 8 - 5 -
00059z Colfiorito IT 5 5 5 E* 2.0445 14 1 cFb (e 49 U cEB pimoGE &3 00D&E21
000594 Nocera Umbra IT 11 1 3 A% 5.4331 33 . . A 000530
000EES Assisi-Stallone IT 21 14 15 &+ 1.s3s5 1d Shike: 143 Dip: 23 Rake: 73
000600 Castelnuovo-Assisi IT 22 17 18 C*¥ 1.6003 13 15'F i
000596 Eevagna IT 23 22 23 B* 0.7775% 4 Taer five -
000764 Borgo-Cerreto Torre IT 2% 24 25 A% 1.08232 E Hile 0 B G Hlake: &7
000598 Monte Fiegni IT 27 23 23 A% 0.3215% 1 .
000602 Matelica IT 27 21 21 Br 1.1232 ¢ Mechanism: N 000624 «
000604 Cascia IT 37 37 37 A% 0.2162
000612 Gubbio-Fiana IT 38 27 30 C* 0.9383 17 00pGE7 0
000618 Pietralunga IT 55 44 46 A% 0.6534 3 m;.
000614 Rieti IT &7 &6 &7 D 0.1842 1 %[525. ]
000617 Peglio IT 79 &9 &9 A% 0.6659 3 43
000618 Pennabilli IT 100 90 92 A% 0.1483
000656 EBorgo-Ottomila 2 IT 128 128 128 C* 0.0743 1 .
1997-10-032 0%:55:22 Umbria Marche (after‘shockj IT 42.033M 12.4 Reference: Harvard University
oo0gzz Colfiorito-Casermette IT - A% 1.7350 G -
000776 Colfiorito ] o IT 7 - I Be1lzus File:
ggg?%g :ggg:: ﬂmg::—msco”‘ﬂ ni ﬁ 13 - - i: g-ggjg E 1997-10-06 23:24:00 Umbria Marche (aftershock) (IT) M,=5.53 b =520 N
BOnrrl Nocora Umbra-salmata T 13 I A - Colfiorita (IT) B* d,=7km d, =10km dz-km d=-km EID:2891 $I0:221 WID:622
000753 Gubbio-Piana IT - - C¥ 0.4887 3 ) } T T T T T
1997-10-04 16:13:33 Umbria Marche [after‘shockj IT 4z.523n  1z.d Referencer  Amato, A Azzara, R, Chiarabba, C. ME
000823 Colfiorito-casermette - A% 0.3113 O Cimini, G., Cocca, M., diBana, M.,
000%14 MWocera Umbra-eiscontini IT 22 - - A% 0.2070 i I argheriti, L.. et al. (1338) o
000530 Nocera Umbra 2 IT - - A® 0,315z L2
1997-10-0& 23:24:00 Umbria Marche (after‘shockj IT 43.01%N 12.% 1S
000651 —olfi ito-Casermette I c S Notes:
000649 Nocera Umbra-giscontini IT 10
000623 Nocera Umbra IT 11 -
000624 Wocera Umbra-salmata IT 15 -
000625 Castelnuovo-Assisi IT o0 - T T T T T T
000670 Assisi-Stallone IT 20 - 1 W]
000620 Eevagna IT 21 -
000627 Norcia IT 23 - o~
000630 Gubbio-Piana IT 3§ - 2o
000621 Gubbio IT 42 - =
000631 Rieti IT &5 - A
1997-10-07 05:09:57 Umbria Marche (aftershock) Lk |
000825 Colfiorito-Casermette IT 3 - g T g T g g g f f f f ! f
000516 Nocera Umbra-giscontini IT 10 - L0553 0.0836  0.0163 2.6069  1.50 &.84  0.23
NNN7ad Sihhin-Piana TT 249 - 1Eds n _nNnrdz» n_nnid 1 Frda n_mn £1 27 n_nn D 5 1D 15 2D 25 30
Number of reco 1 T T T T T T (]
! NUTI
# [ kiko | stwindavs Fig 7,289KB  MATLAB figure file 03, = 0
) lechftp Dtest.dat 6KE Peliculade CD de ... 07,
) logrnein | %] vigetfolder_win3z.dl 7KE Extension dela apli... 03 -1r ) ) ) ) . ) B
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Seismological Database
Example of strong motion database:

n NEE

Mame: Colfiorito Code: CLF Country:  |taly Station ID: 24
MNetwork: SSN [SOGIN) national strong-mation netwaork, of [tal
: [ 1 1) " 13 i fichiers
Latitude: 43.037M Longitude: 12921 Altitude: unknown ———
Installed: 1391-05-16 Removed: unknown CRUST20 - DJ X a
Building type:  freefield Building structure: EMEL transformer house S
o L . - . 3 Caractére P i
Building length: unknown Building width:  unknown Building height: unknown . araciére SR
Building foundation: unknown
Instrument location: ground level, accelerometer shelter Instrument depth:  unknown -} Crustal structure model from Cl
Eurocode 8 class: BF Reference: Servizio Sismico Maziohale, Ufficio Sistemi di Monitoraggio [1997) File
¥s30: unknown
oroaranhrR e Latitude: 43 037 Longltude 12.8921E Elevation: 448m Crust code: WA Crust name: extended crust, 0.5 km seds.
T TT T — T — — I— — —1 T T
Address:  unknown . |
|
sl ; | i
; |
Dperator:  Servizio Sismico Nazionale [S5N), Ufficio Sistemi di I
Maonitoraggio S0F 1 L‘ -
|
5+ ' | —
Reference: 5ervizio Sismico Mazionale, Ufficio Sistemi di Monitoragaio = l |
(13537 = |
= 20 \_‘ .
= 1
o 1
[} | |
Notes: instrument: SMA-1 S/ 25k . e
073, EMEL/ENEA site classification: h | |
ard soils [ws = so0Omgsec- old soil: P '
leistocene, Pliocene
, ] a0k | |_ i
= -
— V (kmfs) , —|
sH v (kmis) ! | .
|
P (griem®) : |
I I L I I I I L
7 e} -40
P\J AmeaSEyb [’1 ua) 1] 1 2 3 4 g B 7 g g
1957-10-06 23:24:00 Umbria Marche (aftershockj IT 43.019N 12.838E 7 5.58 5.20 5.3 5.4 N Vo (kmis) and p (grfcma)
000651 Colfiorito-casermette IT - A% 2,157  9.5188  0.9664 0.2664 27,3428 2
I Colfiarito IT " = = 3* 1. 11. 1 4 1 o
000649 Nocera Umbra-BiscConting IT 10 - - A% 3.7317 11.1226 . 0.3435 22,9364 . 9.00 1.86 g
000622 Wocera Umbra IT 11 - - A% 4.7937 15.887¢  2.4624 0.819%0 35,5915 10.51 .05 2,39 £
000g24 Hocera Umbra-salmata IT 18 - - C¥ 1.8424 g.9418 0.7628 0,126 21.&221 .98 10,20 1.3t
000625 Castelnuovo-Assisi IT 20 - - C* 1.0480 6.738E0 0.761% 0.1124 2&.8229 F.20 24.41 2.02 } Atk .
000670 Assisi-stallaone IT 20 - - A% 1.8429% 7.539%  0.4979 0.1281 14,2353 3.59 .75 1.20 | L L L L |
QoQ&z0 Bewvagna IT 21 - - B¥ 00,4844 4.5244 0.5&l2  0.045¢ 16,7208 Q.62 28,59 0.2& 4 0 5 10 15 a0 5 a0
000627 Horcia IT 33 - - B* 0.32135 1.1062 0.1000 0.0065 3.7426 0.0z 24.83 0.01 &
000620 Gubbio-Fiana IT 28 - - C¥ 0.7245 4.9912 1.1278 O0.0665 24.4623 £.48 31.17 0.94 12 : : : : : :
000621 Gubbio IT 42 - - A¥ 0.373¢ 1.4382 0.0561 0.0111 2.2439 0.45 16.73 0.07 & 1k o
000631 Rieti IT &5 - - 0 0.1l&82 1.4480 0.2%%& 0.0052 G.9266 0.00 G&.0% g.00 23
1997-10-07 05:09:57 Umbria marche (aftershock) IT 43.025N 12.865E 3 4.55 4.30 4.5 4.7 O . emal Onder 23.11.2017
000825 Colfiorito-casermette IT 3 - - A¥ 0.903% 2.3237 0,150 0.0563 G5.7810 &.72 9.62  0.93 noq
000%1Ee Mocera Umbra-Bisconting IT 10 - - A¥ 0,7224 2.0552 0.082&  0,0162 2.6069 1.50 .84 0.22 =
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Seismic Hazards and Site Evaluation
for Nuclear Installations

4.1.The

, which should be based on a coherent merging of the
individual databases, including due consideration of any available
IAEA Safety Standards seismotectonic models that may exist or be postulated at the regional scale. The
seismic source model constitutes the conceptual and mathematical
Seismic Hazards in representation of the physical nature of the seismic sources identified on the
Site Evaluation for basis of the information compiled in the indicated databases and seismotectonic
Nuclear Installations . .
models. One or several seismic source models can be postulated. In the
development of such models, all relevant interpretations of the available data

for protecting people and the environment

Specific Safety Guide should be taken into account, with due consideration of all the uncertainties
No-s8e8 (Rev ) involved. These models include detailed characterization of the seismic sources
($)1aEA and should be developed to be used specifically for the seismic hazard

assessment, applying either deterministic or probabilistic approaches.
4.2.The process for developing a seismic source model

. as recommended in

Section 3, to obtain a coherent model (and potential alternative models). -



Seismic Hazards and Site Evaluation
for Nuclear Installations

Identification

4.9.
IAEA Safety Standards in the seismic source models, and

uncertainties in the models should be evaluated by sensitivity analysis.

Seismic Hazards in 4.10. In the evaluation of fault displacement hazards, special attention and

Site Evaluation for consideration should be given to those

Nuclear Installations . ; .
that have a potential for surface displacement at or near the ground surface (i.e.
capable faults; see Section 7). The data collected for this purpose should be

Specific Safety Guide evaluated to see whether they are consistent with the data collected for the

Ho-seea e D vibratory seismic hazard analysis. Any inconsistencies should be reconciled if

($)1aEA they could adversely affect either analysis.

for protecting people and the environment

86



Seismic Hazards and Site Evaluation
for Nuclear Installations

Characterization
4.13. For seismogenic structures that have been identified as being relevant to
determining the earthquake generated hazards for the site, the associated

IAEA Safety Standards characteristics of such structures should be determined.

for protecting people and the environment

Seismic Hazards in

ﬁiﬁi.f:?lﬁitﬁ{; tfic; . to the extent possible.
Determination of these characteristics should be based on an evaluation of all
data and information contained in the geological, geophysical, geotechnical and

Specific Safety Guide seismological databases.
Ho-s8eE Fen D 4.14. Available information about the seismological and geological history of
($)1aEA the rupture of a fault or structure (e.qg.

. This information, together with magnitude—area scaling
relationships, should be used to evaluate the potential maximum magnitude of
the seismogenic structure under consideration. Other data that may be used to
establish a rheological profile — such as data on heat flow, crustal thickness

and strain rate — should also be considered in this estimation. o



Review Seismic Source Characterization

Ground Surface

Local Soil |
Response

exceedance

O

Hazard Integral

Ui(Aza):Ni(Mmin)'Pi(AzalEi(m>Mmin)) > T
P(A>alE(m=M_.)) I"““Tm J'HE;(A>a|m r(xR.)- fy, (m)- f, (m)-f, (x)-dmdxdR, )

R =0 x=0m=M,,



Review: Magnitude — Rupture Dimension
Scaling Model

Basics Concepts

Strike

Wmax(Zmax,dip)

Dynamic

Stress Across Fault

“L-Scaling” ]S)trrzgs
(,p\\)\:‘ G Time
M AD log,,M, = 1.5M + 16.05 A 7107 e, 2
— K - - og = 1 . Teire — L TH =
° T~_Coseismic 16 VA
\Seismic Moment Slip Moment Magnitude  Average Static Stress DrO)o

|
M, A, RW, RL, Ao, D are interrelated, and reported parameter values are DEPENDENT
89



Review: Magnitude Rupture Dimension
Relationships

+ Expanded database, enhanced extrapolation at higher magnitude range (M 5.5 - M
8.2)

* Model applies for shallow focus events, SOFP introduced as a descriptive parameter

* Models predict rupture dimensions, preserving the geometrical compatibility
conditions for the rectangular assumption

« Data supports the validity of the L-model for shallow crustal regions

Current State of Practice MA Proposed Enhancement
Given “M” and “SOF” > Given “M” and “SOF” > A
CalculAte RW /\ Calculate either A dependent RW, or aspect

ratio, AR
Calculate RL, or RL, RW pair using the AR

Calculate A /RW from independent models HAR. €tc.

Does not neccessarily verify RL

predictions model

using independent models Preserves the A=RLXRW relation




Seismic Source Characterization for Turkiye

Black Sea

Eurasian Plate

¥ ("@(‘Qe

Q@
&

Soi{them Aegean Arc
v —,"' »T

B & -
‘5 SN

o
Medirerranenan Ridge

Arabian Plate
Approx. N-S

African Plate compression

¢ \

Mediterranean Sea s - fk )

- An understanding of regional tectonics

Macroseismicity distribution for M>4 (KOERI catalogu

- Compilation and processing of macroseismicity data

- Geometric characterization

- Determination of maximum magnitude (M,,,,) and recurrence parameters

- Style of faulting, annual slip rate
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Seismic Source Characterization

Historical catalogue

g s
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Seismic Source Characterization

Overview of Previous Efforts: “Epistemic Uncertainty is Strongly Pronounced”

Basis for many studies with slight modifications

11111111111111111111111111

Current National Seismic Code
(Background Sources not shown) 7
M //

S0.0E [
340N

---------------------------

Demircioglu et al. (2007)

boylam (derece)

Gulkan et al. (1993)

4 9
34 TR I S R | 317 T — e 0 Peng&ZOOG)
24 25 26 27 28 29 30 3 32 33 34 35 36 37 38 39 40 41 42 43 44 Rraf. Br. Kemal Onder 93
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Seismic Source Characterization

Overview of Previous Efforts

33E 39°E 45°E

2T°E
s s
{ Black Sea )
- 4

r39°N

r36°N

r3%N

3¥E 3%E

Kayabali (2002)

TRADE-OFFS IN SOURCE
CHARACTERIZATION

Search for perfect fault geometry é

5
|
= *-VQU
AR
e "‘W Hp
F 0 2
s, r ‘EI'

j

&
|
AEGEAN SEA
bz
A
A

36

T T T T T T
26 28 30 32 34 36 38 40

Ulusay et al. (2004)

Given all geometric details,
assignment of descriptive
parameters: limitations from
unknowns

PLANNED MAJOR CONTRIBUTION
SYSTEMATIC APPROACH IN SOURCE CHARACTERIZATION
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Seismic Source Characterization for Turkiye
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Review: Seismic Source Characterization

Recurrence Parameters (from Instrumental Seismicity Records)

Choice of regression method and effect of aftershock filtering

LEs01 « Fault Length

LE+00 * I\/Imax,obs
SLEOL ¢ ¢ |\/Imax

LE-02 ¢ « “a” and “b” values for LSE and MLE
1,E-03

4 4,5 5v 55 6 6,5

Karaburun Karaburun - Aftershocks Filtered
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IAEA Safety Standards

for protecting people and the environment

Seismic Hazards in
Site Evaluation for
Nuclear Installations

Specific Safety Guide

No. SSG-9 (Rev. 1)

Seismic Hazards and Site Evaluation

for Nuclear Installations

5.1. The variability associated with the prediction of vibratory ground motions
from future earthquakes is typically one of the largest sources of uncertainty in
seismic hazard assessment. Currently available methods for estimating ground
motions include

. These alternative methods are described in paras
5.17-5.23. Given the significant epistemic uncertainty currently inherent in
ground motion prediction, multiple relationships and/or methodologies should
be used. However, the evaluation of ground motion using different methods
should be done in a consistent and complementary manner.

5.6. GMPEs

The model may be in the form of
an equation or a table. Even for models that are primarily based on empirical
data, simulation results are

97



Review: Ground Motion Prediction Model

Ground Surface

oy -~
Strike 0

Dip @)

()

Coseismic Slip

Prob. of
exceedance
_!
N

SA

\ 4

O

O

Hazard Integral
v;(A>a)=N,(M

\4
—

)'Pi(AzalEi(m>Mmin))

min

P(A>alE(m>M_)) jmxfmj"g(A>a|m FO,R)- iy, (M)- o (M), (x)-dmaxdR,

R =0 x=0m=M,
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Review: Ground Motion Prediction Models

Overview accelerometrc data
SA=fF(T,M, R, Site, SOF, etc.)xe
\ Record processing
uM; oM uR; oR; .
Site
y I ' Defining the relati
PrOfI Ie betweeelr?Ig%ergnrfd%}%?ﬁons

V van”*,"‘“""‘*“i“,”"“““““’“‘”’“”"”“’“““”‘“ of horizontal ground motion

NP

Quantifying parameter
uncertainty in M and R

v\ .
L ey
L e e e T .
. Framework for modeling
local ground response with

0.01 A
limited site information

PGA (9)

0.001 A

Local ground response

Removing effects of
model f(pgarock1 VS3O)

SOFP=0.5 .
- - - uneven sampling
0.1 1 10 100

0.0001
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Review: Intensity Measures
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Acceleration-Velocity-Displacement Time History
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Review: Frequency Content

WWW\/\IW Fourier Transformation

T x(t)=c, + D ¢, sinfw,t+¢,)
n=1
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Review: Response Spectrum

Single degree of Freedom System

Hareket yonl

/A,
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Review: Response Spectrum

15

Acceleration
[mimys?)

0

] 30
-15 J lalGround acceleration Timelsec

Displacement 200
[mm)
100 -

0
Period|T,] = 0.5sec
Damping ratiolg) = 2%

20
9 64.2mm Timelsec)

o

2200 -
Displacementimm]) 200 - 450
Displacement|mm]

100 4
0 00 4
PeriadIT,] = 1.0sec ) 30
Damping ratiolgl = 2% =100 Timelsec)
=200 151.6
mim 150 |
Displacemigntlmm] 200 -
]
o] 1 2 3

PeriodlT, secl

PeriodIT,) = 2.0sec
Damping ratiolg]l = 2%

(c] Displacement response spectrum

- Timelsec)

2 o 2
e

-200 - 185.6mm
[blDisplacement response of SDOF system
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Review: Response Spectrum
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Review: Response Spectra

1.2

— 1986 Chalfant Valley-Paradise Lodge

— 1986 Chalfant Valley-Tinemaha

1 — 1987 Superstition Hills-Superstition Mtn
—— 1979 Imperial Valley-Cerro Prieto

— 1979 Imperial Valley-Superstition Mt Cmr

Sa(9)

0.8
o
= 0.6
(/2]
0.4 -
0.2 -
T (s)
0 T T T T T
0 0.5 1 1.5 2 25 3
—— 1979 Imperial Valley-Cerro Design Acceleration Response Spectra
/_ m\ —— 1979 Imperial Valley-Superstition 16
[ AR Abrahamson&Silva (1996) : > - -
v \\ 97015 | — seedaldriss (1982) —\ ForT<ta ooz
— TEC 98 14 For T>Th S0.6Mme® |
(\ — Seed et.al. (1997) :
I \ = Proposed Design Spectrum 12 / \ S=09  for 3% damping
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A \,: \ \ % o // \\\\
\ \ S~ —— 0.6
| \ o=
—_— 0.4
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Review: Ground Motion Prediction Model

DATA PROCESSING: Relationships Between Different Definitions of Horizontal Ground Motion

Components
Quick Definitions
Strike
Parallel / Geometric Mean (GM) SN-SP l%‘//l
Geometric Normal H H
Mean 1 GM=(H,*H,)1"2 1 ,,SN
Larger i i
COmpPpoNENt A . -7 N ¥ A~ - S
GMRotDpp . . * e
TSP
GMRaotlpp S
. Scan 90°
GMLargerRo GMRotDpp: pp™" percentile of rotated GM /
tDpp - GM, /oM, ‘ /GM, GM,
& Calculate ppt" percentile of GM’s : GMRotD50 for median
" Optimize to yield a single rotation angle through all T:
f(Structure, design GMRotipp LGM oGM,

Procedure) /\

SGM Station 106




Review: Ground Motion Prediction Model

DATA PROCESSING: Relations Among Distance Metrics, and Modeling Uncertainty in Parameter Estimation

R. 200 —
-— > 0 Rei L. /
P Rp= ﬁE == 100 1 :‘ . Strik«.e axis7/'.
- . o e S ./'_
| £ s Sl
- < of, . .
N : o:o. ?-‘(" o
hypocenter 1000 « g0t
/
hypocenter 200 | |
}JYPOC'EIJTE{ -200 100 0 100 200
From Erdogan
X (km)
. . i . (2008) Results for Magnitude :6.5, Rake Angle :30 degrees
Re-evaluation Using Batch Simulations o B 8 R A
68§ . 2 s
0.8 582 s SRR :
Zmin=0 km i M=Mi Observation [ o 3 5 5
| :|__..foa ! oo f ‘ : : :
—_ = e _06reg B
— 5O EE | : :
[ ] “a Bl §
I || [ — — | =04 %ﬁc ............................................
mcertaTntyof m_— R J\ 8
rupture location in -x . 0.2 E ............................................
< |: Uncertainty of j%
Zmax=30 km !I_ _____ rupturelocation in -z g ‘ ‘ : .
00 50 100 150 200
Variables: Fopi (KM)

Observation points, M(RW, RL), 6, SOF, z - >500000 simulated geometry (Uncertainty in rupture

location along x and z (on the fault plane)

Double truncated at 3c 107



Review: Ground Motion Prediction Model

DATA PROCESSING: Site Classification and 1-D Ground Response Analyses

> 1997 Series

—> 2008 NGA Series

‘GROCkQD_SQSOil,,

Vss,

V4, Or Site Classes

G‘A’B’C’D75

Nonlinear f of shaking
intensity and Vg,

Available Sources or Site Classification - Critical Reviewing and Cross Comparison

-Kalkan and Gulkan (2004)

- Zare and Bard (2002)

- Rosenblad et al. (2003)

- ESDB (European Strong Motion Database)

- Sandikkaya (2008) - Most recent work, however does not cover our database completely

» Geological — Topographical Maps

«  Spoken communication in resolving location/deinstallation y
Ireinstallation conflicts =l -
al basi T RS
«  Deep water well logs (DSI) on alluvial basins e e N >~ J et
7 Seoe \ - [
L Iy

o o o/o g . = Al

Preliminary classification: NEHRP Site Classes \\ ?
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Seismic Hazards and Site Evaluation
for Nuclear Installations

5.8. The to be used in the seismic hazard
assessment should be based on the following general criteria:

(a) The GMPEs should be , supported by an
adequate quantity of properly processed data.

(b) They should have been to
avoid an error in a subjectively fixed coefficient propagating to the other

Seismic Hazards in Coeﬂ:iCientS'

IAEA Safety Standards

for protecting people and the environ

Site Evaluation for (c) They should be and the
Nuclear Installations . .. . .

attenuation characteristics of the site region.

(d) They should as closely
Specific Safety Guide as possible.
Ho-seea e D (e) They should as much as
($)1aEA possible in their definition. If it is necessary to use GMPEs from elsewhere,

they should be calibrated by comparing them with as much local strong motion
data as possible. If no suitable data are available from the region of interest, a
qualitative justification should be provided for why the selected GMPEs are
suitable.

(f) They should be consistent with the
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Seismic Hazards and Site Evaluation
for Nuclear Installations

5.17. Ground motion simulations provide results that
to directly develop ground motion prediction
IAEA Safety Standards models and to develop ground motions for specific scenario events. Several
simulation methods exist.

for protecting people and the environment

against available recorded data from the

Seismic Hazards in

Site Evaluation for region of interest.

Nuclear Installations

5.18. One
Specific Saety Guide based on simple parametric models that represent the physical
HoseEE e D properties of the seismic source and the propagation and attenuation of seismic
($)1aEA energy. This methodology can represent the source either as a point source or

as a finite fault with rupture that evolves in space and time. This methodology
should include the development of region specific parametric models for
source, path and site effects, which need to be calibrated with empirical data
from the region of interest.
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6.1. The approach to be used for assessing the vibratory ground motion hazard
at the nuclear installation site

The vibratory ground motion hazard may
be evaluated by using probabilistic and/or deterministic methods of seismic
hazard analysis (see paras 6.8 and 6.15). The choice of the approach will
depend on the national regulatory requirements and the specifications of the
Seismic Hazards in end user of the evaluation, which should be documented in the project work
Site Evaluation for p|an (See Section 10)

Nuclear Installations

IAEA Safety Standards

for protecting people and the environ

6.5. Consideration should be given during the hazard analysis to appropriate

Specific Safety Guide
No. SSG-9 (Rev. 1)

. This is normally considered by

($)1aEA specifying a control point or layer beneath the site where the seismic hazard
analysis specifies the ground motion; the site response analysis and/or soil—
structure interaction analysis then takes this as its input motion (see SSG-67

[5]).
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6.8. A probabilistic approach should be used when the safety of the nuclear

installation against earthquake loading needs to be demonstrated with explicit
IAEA Safety Standards

for protecting people and the environment

(e.g. vibratory ground motion level). Probabilistic approaches
consider

Seismic Hazards in
Site Evaluation for
Nuclear Installations

. In these cases, the annual
frequency of exceedance for different levels of the relevant hazard parameters
Specific Safety Guide (e.g. the ) should be estimated to define an
Ho-seea e D appropriate design basis and/or to perform a seismic probabilistic safety
(Ehaea assessment.

112



Seismic Hazards and Site Evaluation
for Nuclear Installations

6.9. Evaluation of the vibratory ground motion hazard by probabilistic methods
should include the following steps:

IAEA Safety Standards (1) Selection of , resources and details to be applied in the
seismic hazard assessment project, considering the safety significance of the
Seismic Hazards in nuclear installation, the technical complexity and the uncertainties in the hazard
Site Evaluation for inputs, regulatory requirements and oversight, and the amount of contention
Nuclear Installations e . . . p- .

within the related scientific community.

for protecting people and the environment

Specific Safety Guide (2) Development of with careful consideration of the
o sses ey experts who will constitute the project team and of the project reviewers who
(G)aea will participate in the independent peer review. If a participatory peer review is

envisaged in the project plan, the work plan should enable technical meetings
to be held involving experts from the project team and the review team to
discuss topics relating to (

. If a participatory peer review is
not included in the project plan, its non-inclusion should be justified. e
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6.9. Evaluation of the vibratory ground motion hazard by probabilistic methods
should include the following steps:

IAEA Safety Standards (3) Compilation of the integrated geological, geophysical, geotechnical and
seismological database, as recommended in Section 3, and

Seismic Hazards in in terms of the defined seismic

Site Evaluation for sources, including uncertainty in their boundaries and dimensions, as

Nuclear Installations . . . ;
recommended in Section 4. [8] is an alternative scheme
to avoid boundary issues, but its application should be adequately justified.

for protecting people and the environment

Specific Safety Guide
No. SSG-9 (Rev. 1)

(4) For each seismic source identified in the seismic source models, estimation
($)1aEA of the potential maximum magnitude values,

, together with the individual associated uncertainties.
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6.9. Evaluation of the vibratory ground motion hazard by probabilistic methods
should include the following steps:

(5) for the site region and assessment of
IAEA Safety Standards the uncertainties in both the mean and the variability of the ground motion as a

function of earthquake magnitude and distance from the seismic source to the
Seismic Hazards in site. The physics based simulation techniques described in Section 5 are
Ste Bvaation for alternative methods for evaluating the ground motion using a sufficient number

uclear Installations ) . ] ’

of calculated time histories to define the centre, body and range of the

technically defensible interpretations. The selection and/or adjustment of the
Specific Saety Guide GMPEs should be done with consideration of their use in site response analysis
No. SSG-9 (Rev. 1) . . . ;

(i.e. consideration of step (7) will be necessary).

for protecting people and the environment

(6) Establishment of

, iIncluding sensitivity analysis in a phased approach,
starting with a preliminary analysis round and discussion of the preliminary
results and ending with a final analysis round that will provide the necessary
deliverables defined in accordance with the needs of the end user of the
evaluation.
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6.9. Evaluation of the vibratory ground motion hazard by probabilistic methods

should include the following steps:
IAEA Safety Standards

for protecting people and the environment

(7) Performance of the In cases where site response
functions are not included in the ground motion evaluation.

Seismic Hazards in
Site Evaluation for
Nuclear Installations

(8) Elaboration, , including all
necessary deliverables.

Specific Safety Guide
No. SSG-9 (Rev. 1)
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Review: PSHA Software Development
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Review: PSHA Software

Capabilities at a Glance

«  Seismic source geometry in form of polylines, point source (polygon), and fault planes (currently
under verification)

«  Geometry input and source parameters (a,b, M., €tc) read directly from SHP shapefile.

. Multiple earthquake sources

«  Truncation of distributions at desired sigma values

+ Define a distance threshold to exclude sources not likely to contribute to hazard at a site

* Poisson assumption used in time projection 408
« Deaggregation of hazard for M,R,¢ pairs 40.6 -
*  Open structure for further development 40.4 -
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Review: PSHA Software
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Review: PSHA Outputs
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for Nuclear Installations

6.15. A as an alternative to the
probabilistic approach. Care should be taken to
(e.g. a conservative level for the vibratory

IAEA Safety Standards ground motion hazard) in line with national practice. In these cases,
conservative values of the key hazard parameters should be estimated to define
Seismic Hazards in an appropriate design basis for the nuclear installation, corresponding to
Site Evaluation for established safety margins in accordance with application of the concept of
Nuclear Installations .

defence in depth.

(i.e. occurring with a probability of 1) for key parameters, leading to a

Specific Safety Guide single value for the result, as defined in IAEA Safety Standards Series No.
Ho-seea e D SSG-3, Development and Application of Level 1 Probabilistic Safety
($)1aEA Assessment for Nuclear Power Plants [12].

for protecting people and the environment
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6.18.1f , the
results from . This will enable the deterministic
IAEA Safety Standards results, including the design basis ground motion, to be calibrated against the
probabilistic results, allowing some risk and performance insights to be
Seismic Hazards in developed. A further calibration exercise should be performed against the
Site Evaluation for determine the characteristics of the design basis
Nuclear Installations . .
ground motion at the site (see para. 6.11).

for protecting people and the environment

Specific Safety Guide

No. SSG-9 (Rev. 1)
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6. Vibratory Ground Motion Hazard Analysis
SITE RESPONSE ANALYSIS

6.19. Once the vibratory ground motion analysis has been conducted for the
selected reference site location and elevation, a site response analysis should

be performed that takes into account the detailed and specific geophysical
B and geotechnical information about the soil profiles in the site area. The aim

Seismic Hazards in of the site response analysis is to obtain the vibratory ground motion

Site Evaluation for parameters at the free surface at the top of the soil profile and/or at other

Nuclear Installations

locations in the profile, such as the bottom level of the basemat of selected
structures and buildings important to safety.

Specific Safety Guide

No. SSG-9 (Rev. 1)
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for Nuclear Installations

7.1. In relation to evaluation of fault capability, SSR-1 [1] states (footnote
omitted):
IAEA Safety Standards “Requirement 15: Evaluation of fault capability “

for protecting people and the environment

Seismic Hazards in to identify whether these faults are to
Site Evaluation for be considered capable faults. For capable faults, potential challenges to the
Nuclear Installations . ; . .
safety of the nuclear installation in terms of ground motion and/or fault
displacement hazards shall be evaluated.”

Specific Safety Guide
No. SSG-9 (Rev. 1)

125



Seismic Hazards and Site Evaluation
for Nuclear Installations

7.4. On the basis of the geological, geophysical, geodetic and/or seismological

data, a fault should be considered capable if the following conditions apply:
IAEA Safety Standards

for protecting people and the environment

(a) If the fault shows evidence of past movement (e.g. significant deformations
Seismic Hazards in and/or dislocations) within such a period that it is reasonable to conclude that
Site Evaluation for further movements at or near the surface might occur over the lifetime of the
Nuclear Installations . . . .

site or the nuclear installation, the fault should be considered capable

where both seismic and geological data consistently reveal

Specific Safety Guide short earthquake recurrence intervals,
Ho-seea e D (i.e. the present) might be appropriate for
($)1aEA the assessment of capable faults. it is likely that much

longer periods (e.g. the Pliocene to the Holocene (i.e. the present)) are

appropriate. In areas where the observed activity is between these two rates

(i.e. not as highly active as plate boundaries and not as stable as cratonic

Zones),

, depending on the area’s tectonic activity level). 0
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for Nuclear Installations

7.4. On the basis of the geological, geophysical, geodetic and/or seismological

data, a fault should be considered capable if the following conditions apply:
IAEA Safety Standards

for protecting people and the environ

(a) One way to calibrate the time frame for fault capability would be to
Seismic Hazards in . Longer
Site Evaluation for time frames should be used when the site is far away from the potentially
Nuclear Installations ;
deformed areas of these regional structures.
(b) If the capability of a fault cannot be assessed as indicated in (a) because it is

Specific Safety Guide not possible to obtain reliable geochronological data by any available method,
No. SSG-9 (Rev. 1) the
(Eaea (i.e. if a structural relationship with a known

capable fault has been demonstrated such that the movement of one fault might
cause movement of the other fault at or near the surface).
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IAEA Safety Standards

for protecting people and the environ

8.1.Irrespective of the method applied (i.e. a probabilistic approach, a
Seismic Hazards in deterministic approach, or both), the

Site Evaluation for
Nuclear Installations

Specific Safety Guide 8.2.In principle, the vibratory ground motion parameters should
Ho-s8eE Fen D established by the needs of the end user of the evaluation
(Eaea (see Section 10). Usually,

(i.e. at the ground surface, at key embedment depths or at bedrock level).

Consideration should be given to appropriate treatment of the interface

between the defined reference ground motion and the site response analysis.
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IAEA Safety Standards

for protecting people and the environment

8.3. The site response analysis, performed as recommended in paras 6.19-6.24,
Seismic Hazards in provides the vibratory ground motion parameters at locations relevant for the
Site Evaluation for design and safety assessment of the nuclear installation (e.g. at the free field
Nuclear Installations .

ground surface, at foundation level).

Specific Safety Guide
No. SSG-9 (Rev. 1)

($)1aEA 8.4. The vibratory ground motion hazard, calculated as recommended in
Section 6, should be characterized by

129



Review: Soil Site Response
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IAEA Safety Standards

for protecting people and the environment

8.5. A uniform hazard response spectrum is developed by selecting the values

Seismic Hazards in of the response spectral ordinates that
Site Evaluation for for individual

Nuclear Installations . . .
frequencies or periods. One or more uniform hazard response spectra may be
developed from the results of the probabilistic seismic hazard analysis and any
Specifc Safety Guide subsequent site response analyses that have been performed.

No. SSG-9 (Rev. 1)

8.6. In deterministic seismic hazard analyses, as well as after the deaggregation
process in the probabilistic seismic hazard analyses,

. Scenario earthquakes from the deaggregation process for the results
of probabilistic seismic hazard analyses should be associated with annual

131
frequency of exceedance values.
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8.9. Time histories should satisfactorily reflect all the prescribed ground motion
IAEA Safety Standards parameters as embodied in the response spectra or other spectral representation,
with the addition of other parameters such as duration, phase and coherence.

for protecting people and the environment

Seismic Hazards in
Site Evaluation for
Nuclear Installations

(see Section 10) on the basis of the different types of
Specific Safety Guide engineering analysis to be conducted in the design or safety assessment stages.

No. SSG-9 (Rev. 1)

(Daea 8.10. Significant progress has been made in ground motion simulation based on
fault rupture modelling with wave propagation paths and site effects (e.g. by
use of empirical Green’s function methods). Ground motions obtained in this
way for regions for which pertinent parameters are available can be employed
to complement the more traditional methods.

132



Seismic Hazards and Site Evaluation
for Nuclear Installations

IAEA Safety Standards 8.11. In using response spectra to develop design time histories, it should be

for protecting people and the environment

ensured that the time histories include
Seismic Hazards in . This could be done by calculating

Site Evaluation for the corresponding power spectral density functions.

Nuclear Installations

Specific Safety Guide

No. SSG-9 (Rev. 1)
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9.1 The evaluation of seismic hazards for nuclear installations other than
IAEA Safety Standards nuclear power plants should be commensurate with
, with the potential radiological hazards and with the hazards due
to other materials present on the site.

for protecting people and the environment

Seismic Hazards in
Site Evaluation for
Nuclear Installations

9.2. The recommended method for applying the graded approach is to
and, , to

Specific Safety Guide commensurately
wo SR e . If this approach is for a nuclear

($)1aEA installation other than a nuclear power plant,
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9.3. , a
IAEA Safety Standards In which it is assumed that the
by the potential seismically initiated accident. If the

for protecting people and the environment

potential result of

Seismic Hazards in

Site Evaluation for — for workers or the public (i.e. doses to workers and to the
Nuclear Installations public would be below the dose limits established by the regulatory body) or for the
environment — and if no other specific requirements are imposed by the regulatory
body for such an installation, the
N 2506 (v 1) requirement to undertake . If, even after such a
result is reached, some degree of seismic hazard assessment is considered
()aea necessary,

should be used.

9.4. If the
. a seismic hazard
, starting from the

. 135
recommendations relevant to nuclear power plants.
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9.5. The conservative screening process described in para. 9.3 should consider the

IAEA Safety Standards

. This likelihood will highly
relating to the characteristics of the nuclear installation (e.qg.
Seismic Hazards in )Z
Site Evaluation for (a) The at the site (eg

Nuclear Installations

whether solid, liquid and/or gaseous; whether the radioactive material is being
processed or only stored);

Specific Safety Guide (b) The (e.g. nuclear chain
No. SSG-9 (Rev. 1) reactions) and chemical processes (e.g. for fuel processing purposes) that take place
(Draea at the installation;

(c) The , I applicable;

(d) The for different kinds of activity;

(e) The in the installation (e.g. for research

reactors, most of the radioactive inventory will be in the reactor core and the fuel
storage pool, whereas for fuel processing and storage facilities it might be
distributed throughout the installation); 136
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9.5. The conservative screening process described in para. 9.3 should consider the
IAEA Safety Standards likelihood that a seismic event will result in an event with radiological
consequences. This likelihood will highly depend on the following factors relating
Seicmic Hozards in to the characteristics of the nuclear installation (e.qg. its purpose, layout, design,

Site Evaluation for construction and operation):
Nuclear Installations

for protecting people and the environment

(f) The of installations designed
for experiments (such activities have an associated intrinsic unpredictability);

N 2506 (v 1) (g) The and/or operator actions for the prevention of

accidents and for mitigation of the consequences of accidents, and the

uaea characteristics of engineered safety features for the prevention of accidents and for
mitigation of the consequences of accidents (e.g. the containment and containment
systems);
(h) The and the
(i) The or of the engineering features that might137

show in the event of an accident;
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9.5. The conservative screening process described in para. 9.3 should consider
IAEA Safety Standards the likelihood that a seismic event will result in an event with radiological

consequences. This likelihood will highly depend on the following factors
Seismic Hazards in relating to the characteristics of the nuclear installation (e.g. its purpose, layout,
Site Evaluation for design, construction and operation):

Nuclear Installations

for protecting people and the environment

(j) The that are
Specific Safety Guide of radioactive material to the atmosphere and the hydrosphere (e.g.
Ho ssee ey size and demographics of the region);
(aea (k) The

9.6. Depending on the criteria applied by the regulatory body,

in para. 9.5 when applying the conservative
screening process. For example, the fuel damage, the radioactive release or the
doses to workers and the public could be factors that warrant special

. - 138
consideration.
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9.7. The should be based on the following
IAEA Safety Standards information:
Seismic Hazards in (@) The for the installation, which should be the
Site Evaluation for primary source of information;
Nuclear Installations .
(b) The , If one has been
performed,;
Specific Safety Guide (c) The
No. SSG-9 (Rev. 1)
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9. Evaluation Of Seismic Hazards For Nuclear Installations Other Than
Nuclear Power Plants

CATEGORIZATION PROCESS

9.8. If the conservative screening process indicates that a seismic hazard
IAEA Safety Standards assessment of the installation is to be carried out (see para. 9.5), a process

for categorizing the installation should be undertaken. This categorization
Seismic Hazards in may be performed at the design stage or later. If the categorization has been
Site Evaluation for performed, the assumptions on which it was based should be reviewed and
Nuclear Installations . . . . .

verified. In general, the criteria for categorization should be based on the

radiological consequences of a radioactive release from the installation,

for protecting people and the environment

Specific Safety Guide ranging from very low to potentially severe consequences. As an alternative,
Ho-seea e D the categorization may consider the radiological consequences within the
(Eaea installation itself, within the site of the installation, and for the public and

the environment.
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9.9. on the
and criteria, as well as the information described in para. 9.7. As an example,
the following categories may be defined:

IAEA Safety Standards

for protecting people and the environ

Seismic Hazards in

Site Evaluation for (@) , which includes those nuclear installations for

Nuclear Installations . . . . .
which for conventional installations (e.g. essential
facilities such as hospitals) or (e.g. petrochemical or

Specific Safety Guide chemical plants) should be applied as a minimum;

Ho-seea e D (b) The , which includes

(Jaea should be applied;

(c) There is often
corresponding to a hazardous installation for which, at a minimum, codes
dedicated to hazardous facilities should be applied.
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9.10. The vibratory ground motion hazard analysis for installations categorized
as recommended in paras 9.8 and 9.9 should be performed in accordance with
Seismic Hazards in the fO”OWing:

Site Evaluation for
Nuclear Installations

IAEA Safety Standards

for protecting people and the environ

(a) For the , the input ground motion for the
Specific Safety Guide (b) For installations , methodologies for
Ho-seea e D seismic hazard assessment as described in Sections 3-8 of this Safety Guide
OITN. (i.e. )

(c) For installations categorized , the

following approach might be applicable:
(i) If the seismic hazard assessment is typically performed using methods
similar to those described in this Safety Guide,

for designing these installations,
in accordance with the safety requirements for the installation. e
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IAEA Safety Standards

for protecting people and the environ

9.10. The vibratory ground motion hazard analysis for installations categorized
as recommended in paras 9.8 and 9.9 should be performed in accordance with
Seismic Hazards in the fO”OWing:

Site Evaluation for
Nuclear Installations

(c) For installations categorized in the intermediate hazard category, the
following approach might be applicable:

Specific Safety Guide

Ho-seea e D (ii) If the database and
(Eaea , time consuming and demanding for
the nuclear installation in question,
t (that are based on a more restricted data set) . In such
cases, finally adopted for designing the installation
should be and

. with account taken of the fact that both factors
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9. Evaluation Of Seismic Hazards For Nuclear Installations Other Than
Nuclear Power Plants

VIBRATORY GROUND MOTION HAZARD ANALYSIS AND
ASSOCIATED ASPECTS

IAEA Safety Standards Vibratory ground motion hazard analysis

for protecting people and the environment

Seismic Hazards in 9.11. The design basis ground motion levels for nuclear installations other
ﬁitelEva'Iua:ij:ﬂ tf_or than nuclear power plants should be decided in the context of the approach
uclear Installations .
to hazard assessment recommended in para. 9.10.

Specific Safety Guide 9.12. The recommendations relating to seismic instrumentation installed on
Ho-seea e D the site (see paras 3.54-3.59) should be applied in a manner commensurate
(Eaea with the category of the installation, as defined in para. 9.9.

144



Seismic Hazards and Site Evaluation
for Nuclear Installations

9. Evaluation Of Seismic Hazards For Nuclear Installations Other Than
Nuclear Power Plants

VIBRATORY GROUND MOTION HAZARD ANALYSIS AND
ASSOCIATED ASPECTS

IAEA Safety Standards Geological and geotechnical aspects associated with seismic hazards

for protecting people and the environment

Seismic Hazards in 9.13. With regard to the geological and geotechnical aspects associated with
Site Evaluation for seismic hazards, the same considerations used for nuclear power plants
Nuclear Installations : . . .
should apply to other types of nuclear installation. If reliable evidence
demonstrates that fault displacement phenomena arising from these aspects

Specifc Safety Guide could occur within the site vicinity and/or site area, a detailed and specific
Ho-seea e D fault displacement assessment should be conducted. The site may still be
($)aea considered suitable on the basis of specific established suitability criteria,

and design bases should be established to ensure the safety of the nuclear
installation through design, construction and operation measures.
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Summary of Recommended
Graded Approach in SSG-9 Rev-1 for Others

STEP 1: SCREEN (Para. 9.3): Assume that the
entire radioactive inventory is released by the
potential seismically initiated accident and assess

ARy le Ll acceptability of the consequences for workers and
the public:

Seismic Hazards in

Site Evaluation for

Nuclear Installations If consequences are acceptable

Specific Safety Guide l

No. SSG-9 (Rev. 1)

(@) mea Use national seismic codes for hazardous
and/or industrial facilities: Discard the

“nuclear” practice

Observations: that an
criteria. »




Summary of Recommended

Graded Approach in SSG-9 Rev-1 for Others

IAEA Safety Standards

Seismic Hazards in
Site Evaluation for
Nuclear Installations

Specific Safety Guide

No. SSG-9 (Rev. 1)

STEP 2: CATEGORIZE (Para. 9.8): When the first
screen shows that consequences of releasing the
entire radioactive inventory may be unacceptable,
a process for categorizing the installation should
be undertaken:

Radiological hazard categories (Para. 9.9):
Three or more categories may be defined

|

L]
Use national No clear set of Use same as for
building codes rules regular NPPs
Observations: IS provided to

147
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Summary of Recommended
Graded Approach in SSG-9 Rev-1 for Others

INTERMEDIATE HAZARD CATEGORY: (Para. 9.10): Two remarks:

Seismic hazard assessment
results for a regular NPP is
IAEA Safety Standards available:

A lower input ground
== | motion may be adopted for
the installation.

e.g.: Existing NPP site

Seismic Hazards in
Site Evaluation for
Nuclear Installations

The methods for a regular NPP are
) | found disproportionally complex,

Specific Safety Guide . . .

No. S5G-9 (Rev. 1) time consuming and demanding: | =

(Draea e.g.. Conservative approach not

preferred

Simplified methods
based on a more
restricted data set

may be used

Observations:
1. Methods for
2. and tend to 148




Simplified PSHA
Graded Approach in SSG-9 Rev-1 for Others

102

————— 5%, 95% fractiles
----- - 15%, 85% fractiles
30%, 70% fractiles
----- Median
Mean

103

Aleatory variability
(in each curve)

Annual Frequency of Exceedance

108

Spectral Acceleration (Q)

Figure 4. Seismic hazard curves in the deep bedrock horizon for spectral accelerations at a response
period of 0.1s. The design motions at the surface elevation are obtained through convolution of these
hazard curves with site amplification factors.

(Figure adapted from Bommer et al, SMiRT-22, 2013) 149



Summary of Recommended
Graded Approach in SSG-9 Rev-1 for Others

(Para. 9.13): the same considerations used for
regular NPPs should apply to all radiological
hazard categories (i.e. no grading):

IAEA Safety Standards

Reliable evidence - —
Detailed and specific fault

Seismic Hazards in demonstrates that fault _
Ite svaluation ror .
Nuclear Installations displacement phenomena == | displacement assessment

could occur within the site conducted.

ciic Sty e vicinity and/or site area /
No. SSG-9 (Rev. 1)

The site may still be considered
suitable, on the basis of specific
established suitability criteria.
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