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1. INTRODUCTION

BACKGROUND

1.1. This Safety Guide provides recommendations on how to mehé requremerts of
IAEA Safety Standards Series NBSR1, Site Evauation for Nudea Instalations [1] in
relation to theprocedues for the evduation of hazads generated by earthquakefecting
nudea power plarts and other nuclear ingallations This publication is a revision dAEA
Sdety Standards Series No. SSG9, Sdsmic Hazads in Site Evaluaion for Nudea
Installatiors!, which it supersedes.

1.2.  The previous version of the IAEA Safety Guidetbe evaluation Q§eismic hazasl (Deleted: the

in_site evaluationwas extensively used by Member States and positive feedback of their
application was received from the IAEA reviews of the seismic safety of nuclear installations
worldwide.

1.3. This Safety Guide incorporates:

(@) Progress irrelation topractice and research the evaluation of seismic hazards
well as the regulatory practice in Member States, considering the lessons learned from
the occurrence of recent stroegrthquakethataffected nuclear installations

(b) Recent developments and regulatory requiresientriskinformed ancpberformance
based approaeisfor assessing the safety of nuclear installations

(c) Experience and results from seismic hazsskessmengerformed for the evaluation [ Deleted: evaluations

of newand existingsites for nuclear installations Member States

(d) A more coordinated treatment of theismically inducegdeological and geotechnical | Deleted: associated

hazards and concomitant events

(e) A more consisterdpproach for considerirthe diversity oforofessionajudgment by
expers and the treatment of the uncertainties involved in the procesgahiating
seismic hazards.

1.4. This revision also provigsa cleaer separation betweehe process for assessing the
seismic hazards at a specific s@ad theprocess for defining theslated basis fodesign and

evaluation ofthe nuclear installatiofChus, itbridges gaps anavoidsundueoverlapping on  Deleted:

recommendations related the two processewhich correspond to andre performed at
different stages of the lifene of the nuclear installation

LINTERNATIONAL ATOMIC ENERGY AGENCY, Seismic Hazards in Site Evaluation for Nuclear
Installations, IAEASafety Standards Series No. SSAAEA, Vienna (2010)
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OBJECTIVE

1.5. The objective of this Safety Guide is to provide recommendatioh®wrto meet the
requirements established 85R1 [1] in relationto the evaluaion of hazardgyenerated by
earthquakeghat might affect a nuclearinstallation site andin particular, on how to
determine:

(@)  Thevibraory ground motion hazardsiecessaryo egalish the desgn basis ground
motions and other relevart parameers for the desigrand safety assessmaitboth
new and existing nudea installatons;

(b)  The potertial for, and rateof, fault disjacemehphenomenahat coud affect the
feagbility of the sitefor a new nuclear installatiar the safe operaion of the existing
ingall ation at that site;

(c) The earthquake parameterscessaryor assessing the associated geological and
geotechnical hazards (e.g. soil liquefaction, landslidesdéfetential settlements
andcollapse due teavities and subsidenghenomengpand concomitants events
(e.g. external floodinghenomenasuchas tsunamiandfires).

1.6. ThisSafety Guideis intended for use by reguatory bodies responsble for estalishing
regulatory requiremerts, and for operating organizaions diredly respasible for the
evaluationof seism¢ hazards at anuclea ingalation site.

SCOPE

1.7.  The recommadationsin this Safe¢y Guide are intended tbe used for the evaluation
of seisnic hazardsfor nudea ingall ationsin any seismaedonic envronmaent.

1.8. This Safey Guide addresss all types of facilities clased asnudea jndallationsin [Formatted: Font: Times New Roman

the IAEA Safety Glossar}2]. [Formatted: Font: Times New Roman

[ Formatted: Font: (Default) Times New Roman

1.9. The methodologies recommended for nuclear power plants are applicable to othe:
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 accovdéntee

potential radiological consequences of their failure when subjected to seismic loads. The
recommendedpproachs to start with attributes relating to nuclear power plantg@nebdify

the application of the recommendations until they are commategswithinstallations with

which lesser radiological consequences are assoéiateao grading is performed, the
recommendations relating to nuclear power plahtauld be applietb other types of nuclear

installations.The level of detaibindthe effortdevoted toevaluatingthe seismic hazascat | Deleted: Also,t

existing installation siteshould be commensurate wihnumber of factors, e.the level of
radiological hazard anithe time remaininguntil it is remediated, the severity of the regional

2 For sites at which nuclear installations of differert types are collocated, particular consideraion should be given to
usng agraded approach.
2



seisnic hazargwhere the site is located, etc  Deleted: ity

1.10. For the purpo® of this Safety Guide existing nuclea instalations are those
installationstha are (a) at the operaional stage (including long term operaion and extended
temporary shudown periods); (b) at a pre-opeationd stage for which the congruction of
structures the manufaduring, ingallation andor assemly of componaeits and sysems and
comnissioning adivities are significantly advancel or fully comgeted or (c) at tempaary

shudown, permanent shidown, and decommsoning stages while radioactive materiais  Deleted: or

till within the fadlity (e.g.in the reactorcore or the spent fuepool).

1.11. Earthquakes generaseveraldirect and indirect phenomep@om vibratory ground (Deleted: .

motions to associated geological and geotechnical hazaut$, as permanen ground Deleted: From

disgacemen(eg. soil liquefadion, slope insthility, tectonic and noitectonicsubsdence,
cavities leading toground cdllapse, and sdtlements), to concomitant eventsuch as
sdsmically indwced fires andfloods. This Safety Guide provides guidance on how to
consistentlycharacterize and define the relatseismic parameterthat are necessarfpr
evaluating theassociated geological and geotechnical hazards and concomitant avents

described inJAEA Safety Standards Series No. XE83.6, Geotechnical Aspects of Site [Deleted:

Evaluation and Foundations for Nuclear Power PIEjtsandIAEA Safety Standards Series
No. SS5-18, Meteorological and Hydrological Hazards in Site Evaluation for Nuclear
Installationg/4].

1.12. This Safety Guide addressaspects related to tlevaluationof hazards generated by [Deleted:

earthquakeghat might affect thesite This evaluationwill be performed duringthe site
selectionand/orsite evaluation stage possibly prior to the availability of information related

to the design céracteristics of the nuclear installation, or during the operation stage of an
existing nuclear installation. Thus, the seismic hazardsy need to bedetermined
independetty of the characteristicsof the nuclear installationthat is to be installed.
Recanmendations fortte determination of the related basis tfoe design and evaluation of
the nuclear installation(shrough the use and application of appropriate critméaprovided

in IAEA Safety Standards Series No. {1.6, Seismic Design and Qualification for Nuclear
Power Plant$5].

STRUCTURE

1.13. Recommendions of a geneal naure are provided in Secton 2. Recommendations on
the acquidion of a databag contaning the information neede to evduae and addres all
hazard assocated with eathquake are providedn Secton 3. Sedion 4 coveasthe use of this
daabae for the congruction of the seisnic source models specific to the site of the nuclear
installation Sedion 5 reviews available methods for conductingbraory grourd motion

analysis Secton 6 provides recommendations probablistic and deteministic methods of [Deleted: s

evduding vibratory ground mdion hazardsSedion 7 present methods for evduation of the
potertia for faut disgacemen Sedion 8 providesrecommendations atfie devdopmert of
desgn bags ground maeion and fault displacemen

3



1.14. Setions 3 to 8 focus primarily onnudea powe plans. Sedion 9 provides
recommendations othe evduaion of sdsmic hazard for nudea ingalations othe than
nuclea powe plarnts usng a graded appgoach. Setton 10 addesss application ofprojed
managemensystem induding qudity assuance and peerreview requrements The Annex
provides an exampe of typicd output deriving from probablistic seisnic hazad analyses.A
list of definitions specific to this Safety Guidealsoprovided.




2.1.

In accordance with these requirements and in line rgithgnizednternational practice, the
geological, geophysicahnd seismological characteristics of teographicategionaround
the siteand the geotechnical characteristics of the site ahmald be investigatedor

2. GENERAL RECOMM ENDATIONS

SSR1[1] establisheshefollowing requirements

Requirement]: Safety objective in site evaluation for nuclear installations (

Deleted: 2 }

fiThe safety objective in_site evaluation for nuclear installations shall be to

Deleted: Site safetyobjectives in site evaluation for
nuclear installations

characterize the natural and human induced external hazards that might affect the
safety of the nuclear installation, in order to provide adeguate input for
demonstration of protection of people and the environment from harmful effects of

ionizing radiation.9. . .

Requirement 15:Evaluation of fault capability

fiGeological faults larger than a certain size and within a certain distance of the site
and that are significant to safety shall be evaluated to identify whether these faults

Deleted: The safety objectives in site evaluation for
nuclear installations shall be (a) to characterize the
natural and human induced hazards that might
challenge the safety of the nuclear installation and (b) tc
provide adequate input for demonstration of the
sufficient protection of people and the environment
from harmful effects of ionizing radiation.

are to be considered capable faults. For capable udlis, potential challenges to the
safety of the nuclear installation in terms of ground motion and/or fault

displacement hazards shall be evaluatenl.

Requirement 16:Evaluation of ground motion hazards

fIAn evaluation of ground motion hazards shall be conducted to provide the input
needed for the seismic design or safety upgrading of the structures, systems and

Deleted: Faults beyond a certain size and within a
certain distance of the nuclear installation that are
significant to safety shall be evaluated to identify
whether these faults are to be considered capable fault:
For capable faults, potential challenges to the safety of
the nuclear installation in terms of ground motion
and/or fault displacement hazard shall be evaluzd.

components of the nuclearinstallation, as well as the input for performing the
deterministic and/or probabilistic safety analyses necessary during the lifetime of

the nuclear installation®

Deleted: An evaluation of ground motion hazards shall
be conducted to provide the input needed for theeismic
design or safety upgrading of the structures, systems
and components of the nuclear installation, as well as
for performing the deterministic and/or probabilistic
safety analyses necessary during the lifetime of the
nuclear installation.

evaluating the seismic hazards at the nuclear installation site.

2.2.

The size ofthe regionto be analyzed should be determined based on the, types

magnitudes and distare&om the source to the sitf potentially hazardous phenomena
generated by earthquakémat might have an impact on the safety of the nuclear installation
Thus, the regionshould be of sufficient extent to include all seismic sources that could
reasonably be expected to contribtae¢he seismic hazards at the sitedldes nonhecessarily

have predeterminggniform dimensionsand it should be definesh the basis athe specific

[ Deleted: ,

site and region conditionsf necessary, the region should include areas extending beyond
national borderas well agelevant offshore area

2.3.

The size of the region to be investigated, the type of information and data to be

collected and the scope and detail of the investigationset@erformed should be defined at
the beginning of the pject of seismic hazargssessmenthe acquired database should be ( Deleted: evaluation
sufficient for characterizing, from a seismotectonic point of view, relevant features to the

5




seismic hazargssessmetrthat ardocatedin other States or in offshore areas. Deleted: evaluation

2.4. The evaluationof the sdsmic hazads for a nuclear installation siglmould be dore
through implementation of a spedfic projed planfor which clear and detail ed objedives are
defined and with a project managemesrganization andtructure to provide for coherency
and consistencin the database and a reasonable basisshichto compare results for all
types of seismic hazard3his projed plan should include @& independenpeer review
processlt shoud be caried out by a multidisciplinary team of expets, including gedogists,
seismdogists, gephyscists, seismic hazard specialisengineas, and possbly other experts

(e.g historiang asnecessaryThe membes of the team for the sésmic hazad assessment | Deleted: evaluation

project and itsindependent peereview should demastrate the expetrtise ard expeliene

commensurde with ther role in the projed. Figure 1 shows theeismic hazargssessment —{ Deleted: evaluation

processas awholeandthe generaktepsand sequenc® be followed

2.5. The generd approach to sasmic hazad assessmenshould be direded towards a ( Deleted: evaluation

realistic identification, quantification, treatmeand reduction othe uncettaintiesat various

stages of the project Experience shows that the most dfective way of achieving this is to

collect sufficient reliable and relevargite-specific data. There is generally @mpromise
between the time and efforecessay to compleadetailed reliabe, and relevant database and

the degree of uncetainty that the andyst should take into condderdion at each step of the
process. Thus, a lower level of effort for database development in relation to seismi¢ source
fault capability and ground motion characterization will result in increased uncertainty in the
final obtained results.

2.6. Therefore, a adequate method fatentification, quantificationandtreatment of the
uncertainties should be formulated at the beginning of the prdjedeneral, significant
uncertainties are involved in the seismic hazard assessment process. Basizdllpes of

uncertainties are identified for practical applicatim seismic hazagssessmen(i) thealedory ( Deleted: evaluation

variability of the seismic procedbi is intrindc or random and irreducible through collecting

more data because it represents an inhexa@niralfeature and (ii) the epistemic uncertainty,

that is extrinsic in nature and isasdated with modelling or lack of knowledge and can be
reduced through the acquisition of additional data, further research and interaction between
experts considering the diversity of their professional gnuent®. Structured expert
interactions can avdiatrtificial influence of uncertainty estimates.

2.7. Site specific, sufficientand reliable data should be collected in the seismic hazard

assessmenprocess. However, part of the data used indirectthé@seismic hazard analysis [Deleted: evaluation

might not be site specifidn particularthe strong motion data used to develop the ground
motion prediction equations (GMPESs). Therefore, it should be recognized that part of the

8 Seismic hazard analyses assume that the geological processes are stationary because the timescales over

which the analysis is needed for a gifew decade$is much shorter than thémescale over which [Deleted: 10s of years

geadynamicchangetake place
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uncertainty is irreducible with respect to perfamg additionalsite-specificinvestigations.

NECESSARY INFORMATION AND INVESTIGATIONS:
GEOLOGICAL, GEOPHYSICAL, GEOTECHNICAL AND SEISMOLOGICAL DATABASE

(Section 3)
GEOLOGICAL, GEOPHYSICAL AND
GEOTECHNICAL DATABASE: SRS LLIE AL IN e
» Regional spatial scale * Pre-historical temporal scale, and
regional spatial scale # Histarical (Pre-instrumental and
neer " = Instrumental} temporal scale

.
# Site vicinity spatial scale
*  Site area spatial scale

+ +
l [ SITE SPECIFIC “PROJECT EARTHOQUAKE CATALOGUE™ ]

. 2 L,
o o ™
CONSTRUCTION OF SEISMIC SOURCE MODEL(S) (Section 4)
Detailed characterization of two types of seizmic sources:
*  Seizmogenic Structures
®*  Diffuse Seismicity Areas
h S
¥
4 R
S ELE T I T E EVALUATION OF THE VIBRATORY GROUND
FAULT DISPLACEMENT MOTION (Section 5):
PHENOMENA & ASSOCIATED » Ground motion prediction equations (GMPE)]
GEOLOGICAL AND GEOTECHNICAL # Ground motion simulation based on faul
HAZARDS [Sections 7 and 8): rupture modelling )
Y
SURFACE FAULT VIBRATORY GROUND MOTION
DISPLACEMENT PHENOMEMNA HAZARD AMALYSIS lSﬂ:tiun 5]
4’[ SLOPE INSTABILITY }q I I
PROBABILISTIC DETERMINISTIC
SEISMIC HAZARD SEISMIC HAZARD
DIFFERENTIAL SETTLEMENTS
"[ ]‘ ANALYSIS [PSHA) AMALYSIS [DSHA)
COLLAPSE OF CAVITIES, ]‘ | I—‘I_I
SUBSIDENCE PHENOMENA VIBRATORY GROUND MOTION ]
{ SOIL LIGWEFACTION ]‘ | “
R RENTE [ SITE RESPOMSE ANALYSIS ]
EARTHQUAKE CONCOMITANT
EVENTS (Sections 7 and 8):
*  Fires
*  Floods {e.g. tsunamis, dam
failures)
L J
Y
[ REPORTING ]
FIG 1: Flow chartfor theseismic hazargissessmerrocess fonuclear installations ( Deleted: evaluation
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[ Deleted: evaluation

[Deleted: evaluation

2.8. It is recognized that one of the many sources of epistemic uncertainties in seiSn{ Deleted: not promote any one expert
hazardassessmerig the differences imterpretation of the available data and the diversity of [Deleted:
professional judgmentf the experts paticipating in the hazad assessment proces3are Deleted: or
shoud be taken to avoid bias in the® interpretations. Expert judgmenshould not be used as Deleted: . It should, however, evaluate all viable hypothe (_j
a subgitute for aaqquiring newdaa. The projed tean for the sésmic hazad assessmeishaild Deleted: . T
evaluate, without bias, giypothesss and modds supported hythe daa conpiled _and hen Deleted: ,
developan integated modejthataccountdor both existingknowl edge and uncettaintiesin the
dataWhere it igrequiregto evaluate much longer per¢ower exceedancfeequenciesthan
the datgpermits, therknowledgeof theregionaland Iocalqeodvnamlcgndneotectomc;ean
support the use of expaudgmentin such evaluatiogs

U

Deleted: evduation

Deleted: incorporates
Deleted: the
Deleted: the

\

\ Deleted: of

(
(
(
(
(
(
(
(
2.9. Inorder b addresshe diversity of sciertific interpretations, it is recommendeﬂhat %
the centre, bodyand range of the technically defensible interpretatii@sare properly (
captured For this purpose multidisciplinary teams oéxpers with appropriatequdificationsin [
ead of therelevart areasshould be involved to develop a model thattusty represergthe [
epistemic uncertainties related to methods and models employed in the seismic hazI
AassessmentVhere an pproachesnakesuseof expert elicitation careshouldbe exercised to {
ensure thaprofessional judgementsade by experts gsupportedso far as is practlcable [
[
[
[
[
1
[
[
[
I
i
(
e
M
%
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Deleted: should be developed

Formatted

Formatted

Formatted

Formatted

by the available earth science datéso, the adequateonsideration of uncertairsi using | Formatted

appropriate (e.gconservativer best estimategnd credible modelsnethodsand enarios,
based onthe technically defensible interpretatiorsoncept should bemade given the
evaluation framework (i.e. deterministr probabilistic) and the target confidence leyvéls ||
composition of the peer review team should also follow a gragptbackand reflect the S|ze
and complexity of the project generglly.

Formatted

Formatted

Formatted

Formatted

Formatted

Formatted

2.10. A set ofquality managementocumentsshould be prepared and properly updated
during theseismichazardassessmemirocess While technical references that explain these
processearevery useful, the guidance they provitéghtbe interpreted in different ways. An
unambiguous set of project specifguality documents quality plan, work plan, and | ||
proceduresghould be preparettiatcontain all the criteria that are applicable in the prqect \
well asthe documentation recording aikpertinterpretatios. More detailed guidance on thls
topic is provided in SectiohO.
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3. DATABASE OF INFORM ATION AND INVESTIG ATIONS

GENERAL

3.1. A comprehensive and integrated databasgeological, geophysical, geotechnjcahd
seismological information should lsempiledin a coherent form for evaluating and resolving
issues relating to all hazardenerated bgarthquakes.

3.2. It should be ensured that each elemerganh individuatatdase has been investigated

as fully as possible before an integration of the various elerm@nts unique consolidated
databasés attempted. The integrated database should include all relevant information; not only
geological, geophysical, geotechnicahd seismological data, but also any other information
that is relevant to evaluating the vibratory ground motion, the fault displacement phenomena,
the associated geological and geotechnical hazandisthe concomitant events affecting the
site.

3.3. Thedata and information to be acquired for the geological, geophysical, geotechnical
and seismologicaldatabaseshould cover a geographicaégion and a temporal scale
commensuratavith the potentialof the seismic hazards affect the safety of the nuclear
installation at the site.

In relation to the geographical area of interest to be investiga&®1 [1] stateghat:

- fiThe site and the region shall be investigated with regard to the characteristics t
could affect the safety of the nuclear instatiatand the potential radiological impact
of the nuclear installation on people and the environgent( Re q u i rS8Rde'n t

Deleted: The site and the region shall be investigated
with regard to the characteristics that can impact safet
nuclear installation and the potentiatiiological impact o
the nuclear installation on people and the environment

(1))

- fANatural phenomena as well as human activities in the region with the potential/t]
induce hazards at the site that might affect the safety ofuttlear installation shall
be identified and evaluated. The extent of this evaluation shall be commensurate w

Deleted: Natural phenomena as well as human activiti
in the region with potential to indachazards at the site
thatmight affect the safety of the nuclear installation sk
be identified and evaluated. The extent of this evaluati
shall be graded in accordance with the safety significa
of the potential hazards at the site.

the safety significance of the potential hazards at th@site. p A2rofeSSR141]) [

Deleted: 14 )

- fiThe characteristics of the natural environment in the region that could be affected
the potential radiological impact of the nuclear installation shall be investigated an
assessed, for all operational states and accident conditiorferasiti stages of the
lifetime of the nuclear installation (see Sectiom@para. 413 of SSR1[1])

Deleted: Characteristics of the natural environment in
region that can be affected by the potential radiologica
impact of the nuclear installation shall be investigated
assessed, fall operational states and accident conditic
and for all stages of the lifetime of the nuclear installat
(See Section 6).
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- fiThe size of the region to be investigated shall be defined for each of the natural al
humaninduced external hazards. Both the magnitude of the hazard and the distan
from the source of the hazard to the site shall be considered in determining the si
of the region to be investigated. For certain natural external events, such as tsuna
and vdcanic phenomena, it shall be ensured that the size of the region that
investigated is sufficiently large to address the potential effects at tlie sife.p 24r/ a .
of SSR1[1]) ‘

Deleted: The size of the region to be investigated shal
defined for each of the external natural hazards an
associated activities. Both the magnitude of the hazar
and the distance from the source of the hazard to the ¢
shall be considered in determining the size of the regic
be investigated. For certain external natural phenomer
such as tsunamis andlcanic phenomena, it shall be
ensured that the size of the region surrounding the site
sufficiently large to address the potential effects of the:
hazards at the site.
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- fiThe site and the region shall be studied to evaltiee present and foreseeable future
characteristics that could have an impact on the safety of the nuclear installation. This
includes potential changes in the severity and/or the frequency of natural external
events, as well as changes in the populatistribution in the region, the present and
future use of land and water, the further development of existing nuclear installations
or the construction of other facilities that could affect the safety of the nuclear

installation or the feasibility of plamng effective emergency response actidns. Deleted: The site and the region shall be studied to
evaluate the present and foreseeable future characteri
(para. @Of SSR1 [1]) that could have an impact on installation safety of nucl

. . . . X installation. This includes potential changeshia t
In relation to the temporal scale of the investigati@®R 1 [1] stateghat: magnitude and/or frequency of the natural hazards, th

. . distribution of the population in the region, the present
- fiThe datanecessary to perform an assessment of natural and human induced exter|  future use of land and water, the further development «

hazards and to assess both the impact of the environment on the safety of the nuc|  €xisting nuclear installations or the construction of
facilities that can impa®n the safety of the nuclear

installation and the impact of the nuclear installation on people and the environme| installation or the feasibility of planning the

shall be ollectedd ( Re qu ir SS!R]E[ID])’[ 14 of implementation of emergency response actions effecti
Deleted: 17 }

- finformation and records, if available, of the occurrence and severity of IMPOrtanN™ peieied: The data necessary to perform an assessme

prehistoric, historical and recent natural phenomena shall be obtained as appropri{  external natural and human induced hazards and to as
both the impact of the environment on the nuclear

for the hazard to be evaluated ahall be analysed for reliability, accuracy, temporal installation safety and the impact of the nuclear
and spatial relevance, and completegess( p A7rofelSSR141]) insilta"ati(?n on public and the environmeshiall be
collecte
3.4. The size of the geographical areathe regional scale in which the geological, Deleted: Prehistoric, historical and instrumentally

geophysical, geotechnicaind seismological database should be compiled may vary dependin|  recorded information and records of the occurrences &
severity of important natural phenomena shall be obta

on the geological and tectonic settiagd therecommendationprovidedin para 2.3 should if available, as appropriate for the hazard to be evalual

be used for defining the appropriate size of the region to be investigated. and shall be analysed for reliability, accuracy, tempora
pertinence and completeness.

3.5. The geological, geophysicaind geotechnicahvestigationdor evaluatingthe seismic [ Deleted: 48 ]

[ Deleted: 2.3 ]

hazards at the sitehould be conducted on four spatial geograptscalesd regional, near
regional, site vicinityand site ared leading to progressively more detailed investigations,
data and informatiorwhen approaching closer to thaclear installation siteThe detailand
type of these datare determined by thelifferent spatial geographical scales. The first three
scales of investigation lead primarily to progressively more detailed geological and geophysical

data and information. The site area investigations are mainly aimed at developing the

gemhysical andgeotechnical databaser evaluation ofvibratory ground motion and fault

displacemenpt [Deleted: seismic hazard and capable faulting assessmer]

3.6. Finally, with the completion ofthe geological, geophysicaland geotechnical
investigations at the four spatial scaledi potential seismogenifeaturesthat have been
identified and characterized should be documented in a systematic way to ensure consistency
and completeness so that similar attributes for all seismic scareesmpiled in theProject

Fault Catalogu&(or éProject Fault Portfoli§, including assessment of uncertainties for the
fault parameters.

3.7. The seismological database should inclualke available information andiata on
earthquake eventhathave occurred in theegion defined agecommendeéh para 3.4, and | Deleted: 3.4 )
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they should cover the pifEstorical and historical temporal scal€he historical temporal scale
should befurther subdivided ito pre-instrumental and instrumental periods

3.8. In offshore regionsand other areas for which seismological data is padequate
investigations should be conducted to fully analyse the tectonic characteristics of the region
and to compensate for any lack of or deficiency in the seismological data.

3.9. In the cas of investigations forevaluatingthe potential for earthquake generated
tsunamis, the geologicalnd seismologicainvestigations should also include the study of
seismic sources located at very great distances from th&lsite, t should be noted th#he
sources of earthquak#satcan generate relevant seismic and tsunami hazards at thegite

not be the samé&or tsunamis related to earthquake induced submarine landslides, the models
used for calculating the ground motiorducing the landslide should be consistent with those

used for the seismic hazgadsessmerior the nuclear installatiofor this specific hazard ( Deleted: evaluation

3.10.New techniques that have recently emerged for the acquisitidprocessing of data
(e.g. remote sensing, age datirtgnse seismic observation netwof&r identifying and
characterizing seismic sourcgsuld be implemented. It is also possible that new types of data
may be generated asesult of theetechnologichdevelopments. While it is recommended
that stateof-the-art, new, updated and recognizetbchnological developments are
implemented such developmentshould first be checkedregardingtheir adequacy and
effectiveness to be used in a nuclear installatitmevaluation project.

3.11.Considering that earthquakes produce observable effects on the environment,
palaeoseismological studies should be perforrastecessaratany ofthefour spatial scales,
to:

(a) Identify the seismogenistructures based on the recognition of effects of past
earthquakes in the region.

(b) Improve the completeness of earthquake catalogues for large events, using

identification and age dating afeological markers such dessils. For example, [ Deleted: earthquake

obsenations of trenching across the identifiedientialcapable faults may be useful
in estimating the amount of displacement (e.g. from the thickness of colluvial wedges)
and its rate of occurrence (e.g. by using age dating of the sedinfdats)studies of

palaealiquefaction palaeolandslideg and palaedsunams can provide evidence of Formatted: Font color: Auto

the recurrence and intensity of earthquakes. Formatted: Font: Times New Roman, 12 pt

seismogenistructure, typicallypased othe maximaldimension®f the structureand Formatted: Font color: Auto

(c) Estimate thepotentialmaximummagnitudgandtheassociated uncertaintgf a given [Formaﬁedi Font: Times New Roman, 12 pt

displacement per evengégtimatedby trenching) as well as of the cumulative effect Deleted: potential

(estimatedrom theseismic landscage

4 Seismic landscape defined as the cumulative geomorphic and stratigraphic effect of the signs left on an ’ [Ddered: .
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3.12.To achieve consistency in the presentation of information, the data should be compiled
in a geographical information system with adequate metadata. All data should be stored in a
uniform reference frame to facilitate comparison and integration.

3.13.When a samic hazarghssessmeiis performed for any reason during the lifetime of the ( Deleted: evaluation

nuclear installation (e.g. for a periodic safety review @ seismic probabilistic safety | Deleted: a probabilistic seismic hazard analysis for

evaluatio), the existing databaseshould be updatedollowing the recommendations
mentioned abovas part of the seismic hazardeealuation process

GEOLOGICAL, GEOPHYSICAL AND GEOTECHNICAL DATABASE
Regional investigations

3.14.The purpose of obtaining geologicaind geophysical data on agional scale is to

provide knowledge of the general geodynamic setting of the region and the current tectow Formatted: Font: Times New Roman, 12 pt, Font color:
regime, as well as to identify and characterize those geolofgiaalresof the lithology, ~ (Text1

geomorphology, stratigraphy, faulting ethatmightinfluence or relateatthe seismic hazard Formatted: Font: Times New Roman, 12 pt

at the site. Deleted: 3.4
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in accordance with theecommendationgrovided in para3.4, and byconsideringthe
potential sources ddll hazards generated by earthquakes ttight affect the safety of the

Deleted: andwhich are identifiedn thedefinedregionin

terms of location, extent and rate of ongoing deformation

nuclear installatio(s) at the selected sitélhe size of the region tbe investigated for Formatted: Font color: Auto

|
3.15.Thus, the extent of the geographical area of intereatragional scale should be defined  Deleted: inadequateo
[Deleted:

assessing vibratory ground motion hazasf®uld be large enough to incorporate all

|
)
]
|
|
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|

seismogenic sourcehat could affect the nuclear installatiothe extentof this regionis |
typically a few hundred kilometresn radius or in keeping with national requirements of
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3.16.Existing data from any type of published and unpublished geological and geophysic{ Formatted: Font color: Auto

sources(e.qg. literature data, country scale data, remote sensing data, data derived from exist[ Deleted: sensitivity analysis
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galleriesroad cuts, geophysical surveys geotechnical characteristics) should be searched
and, if necessargonfirmed by direct observation througeologicalfield reconnaissance

visits. Formatted: Font color: Auto

3.17.Where existing data arecompleteto properly characterizethe identified potential Formatted: Font color: Auto

geologicalfeaturesrelevant to the seismic hazard at the, gitether investigations should he
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data ofsufficientdetailasis necessarjor thegeological and geophysicalvestigationgo be  Deleted: ,
conducted in the near regioff. needed, dentification and analysisof geological and Deleted: 3.10
geomorphologicaévidence(i.e. palaeoseismology, see paidl.]) of prehistoric and historic (Deleted: s
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3.18.The data collected at regional scaleuldhave a resolutiomecessary to reveal any
features considered to be significant for the analysis of seismic hagtdréppropriate cross

Sections,The collecteddatgand theobtainedresultsshould have a resolution consistent with [Formaned; Font color: Auto
maps_ahe appropriatescalg The data should be organized in tipeoject geographical —{ Deleted: collected,
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information system within the layer of regaliscale information and a summary report should .-l Formatted: Font: Times New Roman, 12 pt, Font color:

be prepared to describe the studies and investigations performed and results obtai

particularly, in relation to the seismogenic structures identified during this stage of the.studie_Deleted: obtained

Near regional investgations Auto

Formatted: Font: Times New Roman, 12 pt, Font color:
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Auto
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detailin the near regiomo providemore detailednformationthan the information available [D oted
eleted: a

from the regional studiesvith thefollowing objectives

(a) To define the seismotectonic characteristics of the near region Auto

Formatted: Font: Times New Roman, 12 pt, Font color:

(b) To determine the latest movementsthE seismogenistructuresand/or potentially Deleted: of 1:500,000 o larger

Formatted: Font color: Auto

capable faultidentified in the near region

(c) To determine the amount and nature &fpdacements, rates of activjtgnd evidence Deletod in moredetall

(
[
[ Deleted: Site specific g
(
(

related to the segmentationsafch seismogenic structures Deleted:

o

3.20.The near regional studies should include a geographical area typically not le&5 than
km in radiusfrom the border of the site areathough this dimension should be adjusted to
reflect localseismaectonicconditions.For newnuclear installatiorsites for which the exact
layout of the buildings and structures have not been defined, the neamtegeamshould be

defined from thevoundaryof the prospective selected site area  Deleted: border

[ Deleted: boundary

3.21.Thesemore detailed geological, geophysicand geotechnicaihvestigationsshould
supplement the published and unpublished informaticeady collectedor the near regional
area, and theghould include a definition of the stratigraphy, structural geolagg tectonic
history of the near region area. The tectonic history should be thoroughly definedcianm e
tectonic regime, the length of which will depend on the rate of tectonic activity. For example,
for studies to assess fault capability, the tectonic information through the Upper Pleistocene to
Holocene may be adequate fagh seismigegions while forlow seismic regions information

through the Pliocen® Holocenemay be necessary [Deleted: i

[ Deleted: Quaternary

3.22.In general, brthenear regionascaleas a wholgthe followinginvestigationshould be
performedin accordance withthe procedures and methods established by recognized
applicable industry codes and standaftsme of these investigations should be performed
specifically in the areas of the identified geological featdes might generate potential
seismic hazards #te site

(a) Geomorphologicaktudies of Quaternary formations or lgimdms, such as terrace [ Deleted:

analysis and pedological and sedimentological studigiagwell recognized remote
sensing image techniques.q. aerial and satellite photographs and/or imageght
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DetectionAnd Ranging(LIiDAR)). Bathymetric information should also be obtained
for geomorphological investigation in dealing with offshore areas for sites located on
or neara coastline.

(b) Fieldgeological mapping taentify geomorpholog at thescalenecessarjor the near
region studies

(c) Subsurface data derived fronorehole and geophysicalvestigationssuch ashigh
resolution seismic reflectioandor refractionprofiles andgravimetric, electricand
magnetictomographytechniques, to characterize spatially the identifietsmogenic
structures considered to be relevant in terms of their geometry, eatehtrate of

deformationUse of heat flow data may also be necessary. Deleted: Bathymetry informatiorshould also be obtaine
. ) ) ) . _ ) ) for geomorphological investigatian dealing with
(d) Geochronological datingusing recognizgdreliable and applicable techniques with offshore areafor sites located on or near a coastline

appropriate caréor stratigraphic purposes

(e) Data derivedrom geodetic methodsuchasthe Global Navigation Saflite Systems

o U U

(GNSS includingg.g.the GJobal PositioningSystem and interferometrymages and [ Deleted: )
strain rate measuremerntsassess the ongoing rate and type of tectonic deformation.[ Deleted: (
[ Deleted: g

(f) Hydrogeological investigations usimgew andexisting boreholgswells, and other [ Deleted: p

techniques to definthe geometry, physicaand chemical properties, and steady state " Deleted: s

behaviour (e.g. water table depth, recharge rate, transmissivig)) afuifers in the

scalenecessaryor the near regional studies.
(g) Palaeoseismologicand trenchingnvestigationsasneededrom the analysis of the

data and results obtained by the studies performésted in(a) to (f) above

Font: Times New Roman, 12 pt, Font color:

(h) Collection of instrumental data from seismic monitoring networks, see B&het ‘ Formatted:

seq, Textl

\ [Formatted:

Font color: Text1

3.23.Investigations should be made in sufficient detail so that the causes of each geologilj

and geomorphological feature that is relevant (e.g. topographic or structural features as fol Text1

Formatted:
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in aerialphotographs, remote sensing imagerygeophysical data) can be properly included [Formaned:

Font color: Text1
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in a reasonable modpbstulated fothe recent geological evolution of the area.

3.24.The datecollected,and the results obtained from the investigations performed at near
regional scaleshould have a resolution consistent with maps to be developed at afscale
typically 1:50,000, or larger,and with appropriate crossections.Digital elevation models
shout alsobe part of the results obtained from this taSke data should be organized in the
projectgeographical information system within the layer of near region scale informAtion
summary report should be prepared to describe the studies and investigations petfeemed
evaluation of information for inclusion in the modedsdtheresults obtainedoarticularly in
relation to the seismogenic structures further identified andacteaized during this stage of
the studies
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Site vicinity investigations

3.25.In addition to the information collected at regional and near regional scales, more
detailedgeological, geophysicabnd geotechnical studies should be conducted in the site

vicinity with the objective tgrovide amore detailed database for this smaller aregarding  Deleted: geographical area

the definition and characterizatiamgreater detaibf the neotectonic history efieidentified
seismogenic structures (ifaults), especially for determining the potential for ahdrate of

fault displacement at the site (fault capability), and to identify conditions of potential
geologicaland/orgeotechnicalnstability and associatecarthquake generated hazatdat
might affectthe nuclear installation

3.26.Site vicinity studies should cover a geographical atdicient to encompass all faults
and other seismotectorfieatures requiring detailed geophysical investigation,; thigisally
not less than 5 kifpara.1.12 of SSR1 [1]) in radius from thdorder of thenuclear installation
site area. For newuclear installatiorsites forwhich the exact layout of the bdings and

structures have not been defined, the 5 km raalisashould be defined from thgoundary [Deleted: border

of the prospective selected site area.

3.27.Geological, geophysicahnd geotechnicahiestigations of the site vicinityhould be | Deleted: area

planned angherformed in greater detail than those performed for the near regional scale to be
consistent with the tectonic environment and the geological features identified and
characterized in previous scale studies atregioral and nearegioral scales)In this regard,
more detailedyeophysical ath geotechnical investigations should bedertakerin the site

vicinity, including thedrilling of boreholesof an adequate number and deptimd sampling | Deleted: scale area

and laboratory testing

3.28.These detailed investigatiostiouldbe performedn accordance witlthe procedures
and methods established by recognized applicable industry codes and staartthedsresult
the following data should be obtained:

(a) Geological mapt the site vicinity scale with crosctions;

(b) Age, type, amounand rate of displacement of all teeismogenic structures identified

in thegite vicinity; [ Deleted: area

(c) Identification and characterization of locations potentially exhibiting hazards induced

by earthquakge.g. landslide, subsidencepllapse ofsubsurface cavities or karstic [ Deleted: generategshenomena

featuresfailureof dams or water retaining structuyes (| Deleted: processes

3.29.The dateacollected andtheresults obtained at site vicinity scaleould have a resolution
consistent with maps to be developed at a so&lgpically 1:500Q or larger,and with
appropriate crossectionsDigital elevation models should be also part of the results obtained
from this task.The data should be organizedthe geographical information system within

the layer of site vicinity scale information and a summary report should be prepared to

describe the studies and investigations perforredevaluation of information for inclusion
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in the modelsandtheresults obtained, particularly in relation to the seismogenic structures
further identified and characterized during this stage of the studies.

Site area investigations

3.30.Additional geological, geophysicajeotechnicalandseismological sitepecific $udies  Deleted: and )
should be conducted in the nuclear installation site area with the primary objegro®itte

(i) detailed knowledge for assessing the potential for permanent ground displacement

phenomena associated with earthquakeg gurfacefault rupture liquefaction, subsidence or | Deleted: capability )
collapse due to subsurface cavities), andr{fjrmation on the static and dynamic properties

of rock and soil materials beneath the structures foundation (such~aavE and Svave

velocities,seismic quality faar Q, density) to be used in the specific site response analysis to

be performed for assessing the vibratory ground motieaismight affect the safety of the

structures, systemand components of the nuclear installation.

3.31.As a principle, the site area studies should include the entire area covered by the nuclear
installation. For aroposecdhew site of a nuclear installation, during the site evaluation stage,
the exact layout of the units and/or facilities may not yet bevkrend due to thisesasonthe

entire prospective selected site area should be considrenetthe existing site of an operating
nuclear installatiomndfor which seismic safety revaluation is requiredhe site areahould

be well defined If construcion is plannedfor additional nuclearpower plant units to be
located in the existing site area, this aspect should lea tato consideration for defining the
extentof thesite area

3.32.Detailed geological, geophysicalnd geotechnical investigations and studies of the site
area should be performed accordance witlihe procedures and methods established by
recognized applicable industry codes and standaadd by using field and laboratory
techniques, as follows:

(a) Gedogical, geophysical and geotechnical investigations to define tietailed
stratigraphy and the structure of the arBareholedrilling, sampling andbr test
excavations (including in situ testing), geophysical technigaed laboratory tests
should & performedto determine the thickness, depth, dip, amdysical and
mechanical static and dynamicproperties of the different subsurface layers as may
be neededby engineering modelse(g. Poi ssonds rati o, Youngds modul us, shear
modulusreduction or nodinear propertiesdynamic damping propertieglensity,
relative density, shear strength and consolidation characteristics, grain size
distribution P-wave and Svave velocitie Boreholes should be drilled deep enough [Formaned; Font color: Auto
to confirm that no cavities or karstic features are underlying the foundation of nuclee{ Formatted: Font: Times New Roman, 12 pt

installationss such asn limestone areas [Formaned: Font: Times New Roman, 12 pt }

(b) The daa collected at (a) should recognise the existence of sites where theygieolog | Formatted: Font: (Asian) Times New Roman, English
significantlynon-horizontal For example, theoil profile maychangeacross a nuclear (United Kingdom), Expandedby 0.05 pt
installation site as a resulf slopinggeological layeringln such casethesubsurface [ Deleted: ,
structuresacross the site may be better modelled as 3D, rather than 2D stuatade
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it may be necessy to enhance the invigations undertakefsuch as drilling more

boreholes}o facilitate an adequatharacterisatioof this slopinggeology. [Formaﬁed: Font color: Auto

(c) Hydrogeologich investigations using boreholes and other techniques should be

conducted to define the geonietmphysical and chemical properties, and steady state [ Deleted: y

behaviour (e.g. water table depth, recharge rate, transmissivity) of all aquifers in the
site area, witlthe specific purpose of determining the stability of soils and how they

interact with the foundatioaf the nuclear installation structuyasd components ( Deleted: , buildings

(d) All the datanecessaryor assessing thepecificsite response arttie dynamic soil
structure interaction analysis should be acquitedngthese investigationat the site
area For completeness and efficiency, the investigations described should be
integrated with the investigatiomeededor the dynamic sdilstructure iteraction as
described ilNS-G-3.6[3] and NSG-1.6 [5].

3.33.The data collected dhe site area scale are typically presented on maps at a scale of
1:500_or larger,and with appropriate crossections.The data should be organized in the
geographicainformation system within the layer of site area scale information and a summary
report should be prepared to describe the studies and investigations perfber@dluation

of that information for inclusion in the modeéndtheresults obtained, pactilarly in relation

to the seismogenic structures and associated seismic hazards further identified and
characterized during this stage of the studies.

SEISMOLOGICAL DATABASE

3.34.To be able to reliably characteriegentsthat occur with very long recurrenqeeriods
(or very lowannual frequeries of exceedan®, the seismological database should include

Iinformationon past eventthat might havgenerate seismic hazards at the site. The database [ Deleted: the consideration

Deleted: f

archeological/geological or ptastoricali,as defined below Deleted: the potential to

a) Historical stage, i.e. the periothr which there aredocumented records of (peeted: -

earthquake eventFhis period is further subdivided &dlows:

Deleted: that is desdbed in written documents

(

N

B _!(Deleted: -
{
[

o JC U

a.1l. Preinstrumental (or noiinstrumental) period;

a.2. Instrumental period, i.e. the period from the development and use of
instruments toecord earthquake parameters

b) Prehistorical stage, i.e. the periddr which there are no documented records of [ Deleted: that is not described in written documents

J

earthguake eventtt includes the period in which earthquake evidence might only
be retrieved from archaeological sites as described in carvings, paintings,

Deleted: so

5 The nuclear engineering community uses the @nmal frequency of exceedangeerived from statistical datayhen

how this data supports future seismic activis/inore accurate. At ehlow values of interest here, both terms can be used /-
interchangeably andhus,this SafetyGuiderefers generally to annual frequency of exceedanaecognition of the /o

Deleted: nuclear

mathematically the termnnual exceedance probabilityerived from statistical data and a probability function to model {Deleted: guide

expectations of thaudience likely to use thjsublication Deleted: guide
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monuments, drawings and other artefacts, including

palaeoseismological/geological evidence [ Deleted: :

3.35.A specific dProject Earthquake Catalogbeshould bedevelopedas result of the
seismological investigations and asendproduct of the seismological database, including
all earthquake related information developed for the project coveririlgeattmporal scales

defined inpara 3.34  Deleted: 335

Pre-historical and pre-instrumental historical earthquake data

3.36.All pre-historical and prénstrumentaldata on earthquakes should be collected | Deleted: historical

extending as far back in time as possible. Palaeoseismit archaeeseismological
information on historical and ptaistoric earthquakes should also bellected for such
purposes

3.37.To the extent possible, the information on each earthquakediathkasshould include
information on:

(a) Date, time and duration of the event
(b) Location of the macroseismic epicentre of the event
(c) Estimated focal depth of the event

(d) Estimated magnitudef the event, including the type of magnitude (e.g. moment
magnitude, surface wave magnitude, body wave magnitude, local magrotude

duration magnitude documentation of the methods used to estimate magnitude fron{ Deleted: ; see Definitions

the macroseismimtensity, and the estimated uncertainty in the magnitude estjmate

(e) Maximum intensity and, if different, intensity at the macroseismic epicentre, with a
description of local conditions and observed damage

() Isoseismal contours of the event

(9) Intensity of he earthquake at threiclear installatiorsite, together with any available
details of effects on the soil and the landscape

(h) Estimates of uncertainty for all the parameters mentioned above

(i) An assessment of the quality and quantity of Bated orwhich such parameters have
been estimated

() Information on felt foreshocks and aftershacks

(k) Information on the causative fault.
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3.38.The intensity scale used in the Project Earthquake Catalogue should be sgieeified | Formatted: List Paragraph, indent: Left: 0 cm, Firstline: |
becauseéntensity levels can vary, dependion the scale usgdrhe estimatesof magnitude 0 cm, Outline numbered + Level:2 + Numbering Style:

.. . . 1,2,3,é + 11+ Ali : Left + Ali :
and depth for each earthquake should be based on relevant empirical relationships betw > %3¢ * Startat 1+ Alignment Left+ Aligned at
0.63cm + Indent at: 1.51cm

instrumental data and macroseismic information, which may be developed from the database
directly from intensity dat or by using isoseismals.

Instrumental historical earthquake data

3.39.All available instrumental earthquake data should be collected. Existing information on
crustal models should be obtained in order to lotteepicentre®f earthquakes.

3.40.Where sufficieninformation exists, the data be obtained for each earthquake in the
database should include:

(a) Date, durationand time of origin of the event

(b) Coordinates of the epicentre

(c) Focal depttof the event

(d) All magnitude determinations, including those onefiéint scales
(e) Information on observedr recordedoreshocks and aftershogks

(f) Other information that may be helpfidr understanding the seismotectonic regime,
such as focal mechanism, seismic moment, stress drap other seismic source
parameters

(9) Macroseismic detaijs

(h) Fault rupture inhomogeneity such asperity(or the strong motion generation area)
location and sizeseeRef.[7] in detait

(i) Estimates of uncertainty for each of the parameters mentioned

() Information on the causative fauticluding geometry length width, strike, dip and
rake angles)directivity, and duration of rupture

(k) Records from both broadband seismometers and strong motion accelerogitaphs
obsevation station etail.

3.41.Wherever possible, available recordings of regional and local strong ground motion
should be collected and used for deriving approprgreund motion characteristicas

discussed in Sectigh (Deleted: 9
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Project Earthquake Catalogue

3.42.Fora proposedew site of a nuclear installation, a spedfioject Earthquake Catalogue
should be developed for the entire regional area through four major stggestalogue
compilation,(ii) assessment of a uniform size measure to apply to eactlyeake(this will

include magnitude scale conversions to express all catalogue entries to a single magnitude

scale, normallyMw), (i) identification of dependent earthquakeatélogue declustering [Formaned: Font: Italic }
and(iv) assessment of the completenekthe cataloguas afunction of location, timgand
sourcesize For sites with existing nuclear installations for which earthquake catalogues ai Deleted: earthquake )

already available, they should be updated to reflect the newly collected data and information
as well as newly available methods

3.43.When thesite specificcatalogue ofraw prehistori@l and historical (including pre
instrumentaland instrumentalearthquake data has been compiled, an assessment of the
completeness and reliability of the information contains, particularly in terms of
macroseismic intensity, magnitude, date, locatamd focal depth, should be conducted

order to ensure the record of the occurrence of all known earthquakes in the magnitude range
considered important to charadeer future seismic hazardén general, thedatabase is
incomplete for small magnitude events owing to the threshold of recording sensitiviiy, and
is alsoincomplete for large magnitude events owing to their long recurrence intervals (and the
comparatively short period of coveragéthe catalogues). Appropriate methods should be
used to take account of this incompleteness. In general, different pericdsnpfeteness
should be identified using statistical methods emkidering historical and social context.

3.44.When existing catalogues dareorporatedand datas transferred from thesetalogues

Formatted: Font: Times New Roman, 12 pt, Font color:
Auto
Deleted: to avoid duplication of eventsare should atsbe

taken when establishirthe prioritiesfor consideing onedata
point preferableto another

to thesite-specificProject Earthquake Cataloguware shouldiisobetake [Formaned: Font color: Auto J

the priorities for considering one data point preferable to angiiileere data from differem iFormaHEd: Font: Times New Roman, 12 pt, Font color: ‘

existing catalogueg inconsistent or incompatible, clear criteria should be established. td Auto

governhow such issues are resolved, so that a defensible rationale exists for accepting[Deleted: ]

rejecting such data [Formaned: Font color: Auto }
[ Deleted: in the merging of ]

3.45.1f the seismic hazard analysiecessitateshat the database to be composed of
independent events (i.e. Poissonian), then a declustering analysis should be performe{
identify and separate foreshacnd aftershocks.

3.46.The uncertainties related to the parameters indicated ufetlaeclating topre-historical
and historicalperiods should be identified and quantified to the extent possible. These Formatted: Font color: Auto J
uncertainties should be indicated as an entry in the catalogue.

3.47.As a summay, prior to the useof the Project Erthquake Catalogue to eitheredimate
the magitudd frequercy relationship for a seismic souce or to estimate thepotential
maximum magnitude value for each seismic souethorough evdudion and data
procesgng of the catalogue should be performed his shaild include:

(a) Seledion of a consistert magnitude scale for usein the sasmic hazard aralysis
20



(b) Determination of the uniform magitude of each event in the caalogue on the
sdeded magnitude sca g,

(c) Identification of main shocks (i.e. declustering of foreshocks andftershodks);

(d) Estimation of completenes of the caaogue as a function of magnitude, regonal
location, and time period;

[ Deleted: . ]

() All aspects of the development of the earthquake catalogue should be reported to
justify the judgments that have been made in compiling it. Specific attention should
be paid to the selection of empirical magnitude conversion relatiodtye selection
of the magnitude scale for all catalogue entriesompaison of the project catalogue [ Deleted: , }
with other similar catalogues relevaatthe regiorshould be performed | Deleted: and )

3.48.The magnitude scale selected the catalogushould be consistent witheé magnitude

scale used in theMPEs that are used in the vibratory ground motion hazard calculations. In

deriving magnitudefrequency relationships, the selected magnitude scale shouldlraogt

linearly with the moment magnitud@¢) scale across the magnitude range of intetest, [Formaned: Font: ltalic }
avoid magnitude saturation effects. Thisdsnsistentwith the use ofMw becoming a [Formaned: Font: ltalic }
worldwide standard, owing to its increased use in seismology and the develop@G&iR Es.

. . o  Deleted: potential )
3.49.A magnitudéfrequency relationship should be developed for each seismic source. Eaj

Deleted: patheffects Gr e e n 6 s groundhrootion o n
prediction equatiotestingand a better characterization of t
site response

[ Deleted: ,

3.50.Uncertainty in the paraeters of the magnitudérequency relationship should be ( Deleted: network

defined by probability distributions that account for any correlation between the parameter{ Deleted: monitoringnetwork
[ Deleted: having a recording

Deleted: for

magnitudéfrequency relationship should include thetential maximum magnitudefor
which the magnituddrequency relationship applies.

Site specific instrumental data

3.51.To acquire more detailed information on potential seismic soyjtésmdvantageous to | | Deleted: capable of recording

(
(
install or have access ta seismic monitoringnetwork system of high sensitivity {
seismometersThis systemshould be installed and operated in the fregion around the
nuclear intallation site and within the site itself. Theisnometershouldhave thecapability {
of recordingmicro-earthquakeandgsufficiently high frequencigslhe design of the seismjc [
monitoring networksystemshould be suitable for the geological setting to assess the seismi[ Formatted: Font color: Auto
hazards at the sitfhe data obtained from the operation of ghistemshould be also used as [Formaned: Font: Times New Roman, 12 pt
[
[
(
(
(
(

Deleted: to estimate near surface attenuatwul
amplification

Deleted: , should be installed and operated atglienear
region of the nuclear installation

Deleted: .
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3.52.The seismic monitoringietworksystemshould be installeébr new sites from the very ' Formatted: Font color: Auto

beginning of the site evaluation stag®r existing sitesfor which suchsystens were not
originally deployed,the seismicmonitoring networksystemshould be installedrom the

Deleted: network

Deleted:

Deleted: of high sensitivity seismographs
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beginning of the seismisafetyre-evaluation programme-hese systens shouldbe operatel Deleted: i

Deleted: In addition to the seismic monitoring network,
additional monitoring systems such as miereays, should
be installed if needed to adequately monitor the seismic
activity in the regiorandevaluation of site response

3.53.1t is advisable to link the operation and data processindnesfe seismicmonitoring
networksystensto any existingegional and/or national seismimnitoringnetworksystens.

during the whole liféme of the nucleajnstallation, ( Deleted: network
[ Formatted: Font color: Auto

3.54.1f the selected instrumentatiofor the seismic monitoringnetwork system cannot

. . Formatted: Font: Times New Roman, 12 pt, Font color:
adequately record strong mot®several strong motion accelemetersshould be collocated : W P

Auto

with the high sensitivityseismometerto acquire more detailed information path effects,
empirical Gr e e n 6 s s, fraundcmotion prediction equatignand site responseln

Formatted: Font: Times New Roman, 12 pt, Font color:
Auto

addition micro-tremor/ambienhoise _measuremerghould be deployed if necessary to | Formatted: Font color: Auto

evaluate site response. [De|eted- this

3.55.Earthquakes recorded within and ntree seismic monitoringetworksystenmshould be

carefully analysed in connection with seismotectonic studies of the near region.  Deleted:

3.56.The instrumentation should be appropriately and periodically upgraded and calibrated
to provide adequate information in line with updated international prac#icenaintenance
programme, including data communication aspects, should be in place to ensume that
significant lapses occur.
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4. CONSTRUCTION OF SEISMIC SOURCE MODEL S

GENERAL

4.1 This section provides recommendations for constructing the modekhtihat properly
represent the seismic sourdbat can generate seismic hazards at the site, which have been
identified and characterizelsased on the data and informatioompiled andcollected as
recommendedn Section 3 These models should be used for performing ditespecific
seismic hazard asssment.

4.2 The link between theintegrated geological, geophysical, geotechnicaand
seismological database and the calculation of the seismic hazasgimsrac sourcenodel

which should be basedn a coherent merging dhe individual databasesncluding due
consideration of the available seismotectonic models that may exist or be postulated at
regional general scal&he seismic source modadnstitutes the conceptuamhd mathematical
representation of the physical natoféheseismic sourceasentified based on the information
compiled in thendicated databasesd seismotectonic model8ne or severaleismic source
models can be postulateld. the construction of such models, all relevant interpretations of
the available datashould be taé&n into accountwith due consideration of all involved
uncertaintiesThesemodelsinclude thedetailed characterizatioof the seismic sources and

they should be constructed to be used specifically for the seismic hazard analysis applying
eitherdeterministic or probabilistic approaches.

4.3 Theprocesdor constructinghe seismic souramodelsstarts withtheintegraton of the
elements of seismological, geophysical, geologiaald other relevantdatabasesnto an
integrated database, ecommended iSection 3to obtaina coherent model (anubtential
alternative models)This integrated database should also include the available seismotectonic
models that at regional scale contains the geographic area of interest for assessiamibe sei
hazards at the specific nuclear installation siteese seismotectonic models should also
include considerations on the uncertainties embea@itber expressly or implicitlyin their
characterization

4.4 Based on thavailable data and informationcluded in the integrated database and on
the interpretations provided by theorrespondigly involved experts a detailed
characterization of all identified and postulassismic sourceshould be conducted with the
aim ofidentifying and characterizgin detailall sources of earthquakegich may contribute

to the seismic hazard at the siféhis source characterizatigorovides all the necessary
characteristicsg.g. location and geometries, maximum magnituded recurrence) of the
identified seismic sources

4.5 The sasmogenic structuresidentified throughout the process of conipi the database
might not expdain al the obseved eathqueke adivities This is becaise seismogeric
structures may exist without recogiized surfa@ or subsirface marifesttions and also

becaise of the timescées nvolved; for exampe, fault ( Deleted: displacemerts
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intervals with regped to sesmologicd obsevation periods.Consejuertly, the seismic source
mode(s) shoud condst, to a greder or lesse extert, of two types of sésmic souces:

1) Those seismogenic structures that can be identdielicharacterizeby using the
available database

2) Diffuse seismicity (consisting usually, but not always, of sméail moderate
earthquakeéghat is not attributable to specifeismogenistructureghat mightbe
identified by using the available datab&8k

4.6 Theidentificationand charaderization of seismic sources of both types should include

assessments of the specific uncertainty involved in each Diffuse sdsmicity poses a

particularly compex problemin sdsmic hazard assessmerand will generdly involve greder [Deleted: evaduaion }
uncetainty becaus the causéive fauts of eathquakes are eithernot well understood orare

not well characterizedith currently available informatiaon

4.7 The construction of the seismic sourcemodel(s) and the characterization of all
parameters of each of their elemest®uld be basedprimarily on interpretation and
evaluationof the availablelaa

4.8 If the compiled geologicd, geghyscd, and sésmologicd daa support alterndive

seismic sourcenodds, and the differences in these models cannat be resolved by mears of [Formaned: Expandedby 0.05 pt }
additional investgations within a reasonable time frame, all such models should be taken into

consideration in the final hazard evduation.

4.9 The validity of the proposeskismic source modeshould b [Deleted: tested }
knowledge and informatiqrior example, by comparing long term strain rates predicted by

the model againstvailable and reliablgeodetic and geological observations.

SEISMOGENICSTRUCTURES(IDENTIFIED SEISMIC SOURCE}p
Identification

4.10 All seismogenic structures thatight contribue to the seismihazard at the site should
be included in the constructedismic sourcenodel(s)andits uncertainty should b&upported
by sensitivityanalysis.

4.11 Regardinghe fault displacement hazaggtaluation specialattentionandconsideration

should be given to those seismogenic structures close to the site that have a potgutfatfor [Deleted: primary and/or secondary ]
[Formatted: Font color: Auto J
data collection for this purpose shoulddwaluaedto see whether it is consistent with the data | ormatted: Font: TimesNew Roman, 12 pt, Font color: ‘
collected for the vibratory seismic hazard analysis. Any inconsistencies should be reconcil| Auto
if they could adversely affect either analysis. | Deleted: checked ]
Formatted: Font: Times New Roman, 12 pt, Font color: ‘
4.12 The identification of seismogenic structures shaaldsiderthosegeological featurgfor Auto
J

whichdirect or indirect evidenoexistsof therehaving been a seismic source within the current [Formaned; Font color: Auto
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tectonic regime.

4.13 When specific data on a particular geological featureiraefficient for its detailed
characterization, a detailed comparison of this feature with other analogous geological features
in the region, or in similar tectonic regions in the world, should be made in terms of their age
of origin, sense of movemerand history omovement, to help determine whether the feature
can be considerealseismogenisource

Characterization

o

4.14 For sasmogeric structures that have been identified as beng relevantto determining [Formaned: Expandedby 0.05pt
the seismichazardsfor the site the assotated characteristic®df such structureshould be ( Deleted: eathquake generated
determined. The fault geometry(e.qg.length, depth width), orientation (strike, dip), rakeof ( Deleted: stucture
dislocation rate of deformation, and gedogicd conplexity (e.g. segmertation, [Deleted: branching
initiation, secondary faul)s should be determined to the extent possilite the
characterizationThese characteris8should be determined based upon evaluatiail efata

andinformation contained irthe geological, geophysical, geotechnjead seismological

databases.

4.15 Available information about the seismological and geological history qiibhteireof a  Deleted: movement
fault or structure (such as segmentation, fault length, and fault width) should be used to

estimate the maximum rupture dimensions and/or displacements. This information together

with magnitudearea scaling relationships should be used to evaluateothetialmaximum

magnitudeof the seismogenic structure under considerai@ther data that may be used to | Deleted: potential
construct a rheological profile should also be considered in this estimation, such as data on

heat flow, crustal thicknesand strain ate.

4.16 In locations where a fault zone comprises multiple fault segments, eaclsdguient

should be taken into account both dependently and independently. The possibility of the

multiple fault segments rupturing simultaneously during an earthquake stttk evaluated.

In order to determine theonservativeestimate and associated uncertainties ofpthtential  Deleted: best
maximum magnitude, a suite of possible total fault rupture length scenarios should b Deleted: potential
developed.

4.17 The potential maximum magnitudgassociated with each seismic source should be[Deleted: potential
specified, and the uncertainty potential maximum magnitudshould be described byk‘a, [Deleted: (Mma)

discrete or continuous probability distribution. For each seismic source, the valogatial -

Formatted: Not Superscript/ Subscript

- Mmax

maximum magnitudis used as the upper limit of integration in a probabilistic vibratory ground[ Deleted
motion hazard calculation to derive the magnitdcsEuency relationship, and as the scenario (Dmeted

© Mmax

o JC U U )

magnitude in a deterministic vibratory ground motion dndzevaluation. In general, but
especially for sites in intraplate settings, the largest observed earthquakeoisr and

unconservativestimate opotential maximum magnitud€onsideration should then be given { Deleted

© Mmax

to the use of appropriate empirical relationships to dg¢ential maximum magnitudelues [Deleted

© Mmax

from controlling or significant faults in the region (fault geometry, faulting mechanism etc.).
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But if the currenfaulting mechanism cannot be reliably determinkee use of global analogues | Deleted: ly ]
should be considered, and care should be taken to determine the appropriate seismotectonic
analogue. The sensitivity of the resulting hazard to the selection gfotkatid maximum [Deleted: Minax ]

magnitudedistributions should be tested.

4.18 Other approachesthatare available for egimating potential maximum magritudes based [ Deleted: potential ]
on thegtatistical analysis of the magnitudei frequency relationships for earthquakes as®ciated

with apatticular structure should also be consideredappropriateThese apmache assune

an as®ciation between the structure and all the eathquake dda used In al casesthe resuts

of these methods may be corfirmed to be corsistert with the available collectedaaincluding | Deleted: shaild )
palaeoseismological data

4.19 Regardess of the approad or conbination of approades usal, the determination of the

potential maxmum magritude might have significant unertainty, which shoud be [Deleted: potertial }
incorporated into the analysiso the extent that it is congstent with seismologicalgedogical,

geophysicaland geomarphologicd data.

4.20 In addition to the potential maxmum magnitude, for each seismogenic structure  Deleted: potentia )
included in the sasmic sourcemodel, thefollowing characteristics should be determinéa)

the rate of eathqueke activity; (b) an appopriate type of magnitudei frequengy relationshp

(e.g. characderistic or exmnertia); and (c) the uncetainty in this relationship and in its

parameers.)n thecase of the characteristic earthquake occurrence model, the last event sho{ Deleted: ]
be identified as far as possible

4.21 For those seismic sourcdsathave registered the occurrence of few earthquakes in the

compiled geological and seismological databasesgdetermination of magnitudi&equency

relationships (e.g. the GutenbeRjchter relationship) may involve a different approach, which

may include adopting a value that represents the regional tectonic setting of the seismig sou Deleted: ; )
for example, a stable continental tectonic setting. This approach is viable because many studies

have shown that thb value of the GutenbeirigRichter relationshipvaries over a relatively

narrow range within a given tectonic settiRggardless of the approach used to determine the| Moveddown[1]: For 6 a6 vraactubasedon a

aandb values of the magnitudiéequency relationshigheuncertainty in those parameters and | SYain rates can be used if such data is reliably available f

geophysical investigation. However, for many low seismic

their correlations should ba&ppropriately assessed and incorporated into the seismic hazarjar eas, 6a6 values are deri
lvsi earthquake catalogy# enough data can be collectedpce
analysis. often this is the most reliable indicator of regional seismic

ZONES OF DIFFUSE SEISMICITY

Identification

4.22 Zones of diffuse seismicitgre those areas in whidhereis evidence of seismicitthatjs (Deleted: it )
not attributable toany specific identified seismogenic structurelsased onthe available

databaseand seismotectonic modelghe seismic source model gichzoneis constructedn (Deleted: E )
the basisthatit encompasssan aredhatpossessesimilar seisnotectonis. ( Deleted: should beassumed to )
4.23 In the peformane of a sdsmic hazard assessmentknowledge abait the deph Deleted: evaluation ]
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distribution of the diffuse sasmicity (e.g derived from the sesmalogical, geological and
geophysicatiaabags) shoud be incorporatedand the thickness amt&pthof the seismogenic
zone should be properly characterized

4.24 Significart differences in rates of eathqueke ocaurrence may suggest dfferert tectonic
conditions and they shouldbe consideredn defining the boundaies of the zone of diffuse
seismicity Significant differences in focd dephs (e.g crustal versis subcrugal), focd
mechaisms states of stress tectonic characteristicsand GutenbefigRichterb values may all
be used to differentiate betwediffuse seismicityzones

Characterization

4.25 Thepotential maximum magnitudessociated with zone of diffused seismicity should be { Deleted: mma

evaluated based on seismological data and the seismotectonic characteristics of the diffuse
seismicity zone. Comparison with similar world regions for which extensiveskigical data
are available may be useful, but informed judgement should be used in such an evaluation. Often

the value ofpotential maximum magnitudsbtained will have significant uncertainty owing to | Deleted: mmax

the relatively short time period covered by #essmological data with respect to the processes
of ongoing deformation. This uncertainty should be appropriately represented in the seismic
source model.

4.26 Available information about the seismological and geological history of the
seismotectonistructure (such as stress regime, strain rate, etc.) should be used to estimate the

potential maximum magnitud®©ther data that may be used to construct a rheological profile[ Deleted: Mmax

should also be considered in this estimation, such as data on heatréleta thicknessand
micro-earthquake distribution.

4.27 The potential maximum_magnitudassociated with each seismic source should be{ Deleted: mm

specified, and the uncertainty tential maximum magnitudshould be described by a —{ Deleted: mmax

discrete or continuous prokifity distribution. For each seismic source, the valugagntial (Deleted: Mrax

maximum magnitudes used as the upper limit of integration in a probabilistic vibratory ground
motion hazard calculation to derive the magnitdidEjuency relationship, and as therso
magnitude in a deterministic vibratory ground motion hazard evaluation. In general, but
especially for sites in intraplate settings, the largest observed earthquake is a poor and

unconservative estimatepbtential maximum magnitud&he use of global analogues should { Deleted: .

be considered, and care should be taken to determine the appropriate seismotectonic anak{ Deleted: Mmax

The sensitivity of the resulting hazard to the selection ofptitential maximum magnitude [Deleted: Minax

distributions should be tested.

4.28 Other approaches that are available for estimgioigntial maximum magnitudeased (Deleted: Mmax

on the statistical analysis of the magnififdequency relationships for earthquakes associated

with a particular structure should also be considered, as approptiate approac based [Deleted: assume

onan association between the structure and all the earthquake data used. In all cases, the results
of these methods should be confirmed to be consistent with the available collected data
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including palaeoseismologicdata.

4.29 Regardless of the approach or combination of approaches used, the determination of the

potential maximum magnitudright have significant uncertainty, which should be incorporated [Deleted: Minax

into the analysis to the extent that it is consistent withre#gical, geologicalgeophysical
and geomorphological data.

4.30 In addition to thepotential maximum magnitugéor each seismogenic structure included | Deleted: mma

in the seisnt sourcemode| the following characteristics should be determir(@jl the rate of
earthquake activity; (b) an appropriate exential magnituderequency relationship (e.g.
GutenbergRichter relationship); and (c) the uncertainty in this relationship and in its
parameters.

4.31 For those seismic sources that have registered the occurrefeve @dirthquakes in the
compiled geological and seismological databases, the determination of magngmaency
relationships (e.g. the GutenbgRjchter relationship) may involve a different approach, which

may include adopting a value that represdmgegional tectonic setting of the seismic source;

for example, a stable continental tectonic setting. This approach is viable because many studies

have shown that tHevalue varies over a relatively narrow range within a given tectonic setting[ Formatted: Font: Italic

Fora values, an approach based on strain rates can be used if such data is reliably avail{ Moved (insertion) [1]

from geophysical investigation. However, for many low seismicity agpealues are derived: [De|eted; 6

from the regional historical earthquake catalofiienough data canebcollected)since often ( Formatted: Font: Ialic

this is the most reliable indicator of regional seismigRggardless of the approach used to (Deleted: 6

determine th@ andp values of the magnituéi&equency relationship, the uncertainty in those [De,eted: 6

parameters and their correlations skiobé appropriately assessed and incorporated into the[ Formatted: Font: Italic

seismic hazard analysis. [Dmeted- 6
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5. VIBRATORY GROUND MOTION ESTIMATION METHODS

GENERAL

5.1 This section provides recommendations on the methodssfimatingthe vibratory
ground motion at the nucleastallation site

5.2 Thevariability associated witthepredicton ofthevibratoryground motions from future
earthquakes is typically one of the largest sources of uncertainty in seismic hazard assessment.
Currently available methods for estimating grdumotions include GMPEswhich are
primarily empirical] and direct simulation methodsvhich are physiebased scaling to
interpolatea smallerange of dataThese alternative methods are described in the subsections
below. Given the significant epistemic uncertainty currently inherent in ground motion
prediction, multiple relationships and/or methodologies should be utilidedever, the
evaluation of groundnotion usingdifferent method should be done in a consistemtd
complementarynanner.

5.3 Individual models for the prediction of vibratory ground motions should include both an

estimate of the median ground motion amplitwdgch i_in case of the commonlgdopted Deleted: -

log-normal model, is the mean of logarithmic normal distributicas well as a measure of the
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aleatory variability about theean The final complete vibratory ground motion model should
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5.4 The definition of the vibratory ground motion intensityeasure used in the ground

include an assessment of the epistemic uncertainty in bothdhaprediction as well ags [
motion characterization should be consistent with the intended use in subsequent enginee£
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design angbrobabilistic safetyanalysedor structures, systemand components of the nuclear
installation andor the assessment @fround failures such as slope failures and liquefaction
Empirical relationships are typically developed for horizontal response spectral acceleration at
5% of critical damping. Alternative damping levels can be derived using published scaling
relationship. Simulation methods typically produce ground motion time histories from which
anynecessarjntensity measure can be derived directly.

5.5 Care should be taken to ensure that the way in which the horizontal components of ground
motion are represented in tbikosen GMPES consistent with the subsequent engineering use

in design or fragility analysesThe number of spectral periods characterized should be
sufficient to develop smooth spectral shafsesSection8).

5.6 The vibratory ground motion should balculated at a specific location within the soil
profile of the nuclear installation sjtavhich is indicated as the control point. In some
situations, multiple control points may be necessary. The specification of the control point is
an important integce issue and should be clearly defined from the beginning of the project
in accordance with user requirements (see Section 10). The control point location could be
defined at the free field ground surface, at the outcrop of bedrock, or at any otheéedpecif
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depth in the soil profileThevibratory ground motion specified at the defined control pmint [Deleted: From the }
be used as the input for calculating the response of the structures, systdraemponents | Deleted: |, the vibratory ground motion )
of nuclear installations should be evaluated and developed through an appropriate site

response analysis.

GROUND MOTION PREDICTION EQUATIONS
Selection criteria

5.7 Ground motion prediction equatiof&MPESs)specify the median value of vibratory
ground motion amplitude based on a limited number of explanatory variables such as

earthquake magnitude, distajfeem rupture plane (with respect to the sjisife conditions [Deleted: , style of faulting, geometrgf ]
andstyle of faulting The model may be in the form of an equation or a table. Even for model{ Deleted: and ]
that are primarily based on empirical data, simulation results are often used to provide

constraints on scalingehaviar for magnitudes, distancesr yupture planghat are not well ( Deleted: geometries )

represented in the existing databaSegically, a set of GMPEs are selected and used for
performing the seismic hazard analysis.

5.8 The selection of theet ofappropriate GMPEs should be based oir t@nsistency with

the seismotectonic conditions andth the output parametereeededor the seismic hazard

assessmentecommendd in Section10. The range of magnitudes, distancasd other [Deleted: analysis ]
parameters for which the GMPE is valid should be checked.

5.9 The selection otandidate GMPE® be used in the seismic hazard assesssfentld
be based on the following general criteria:

(a) They should be current and well established, supported by an adequate quantity of
properly processed data

(b) They shoulchavebesndetermined by appropriate regression asialy avoid that an
error a asubjectively fixedcoefficientwill propagate to the other coefficients [ Deleted: . ]

(c) They should be consistent with the types of earthquakes and the attenuation
characteristics of the sitegion

(d) Theyshould match as closely as possible the tectonic environment of the site region

(e) Theyshould make use afvailablelocal ground motion data asuchaspossiblein
their definitionl f t hi s i's not possi bl e, ifpasstbleGMPE®Gs are used from e
they should be calibrated by comparing with local strong motion data; if no suitable
data is available from the region of interest, a qualitative justification should be
provided for why selected GMPEs are suitable

(f) They should be consistentithi the physical characteristics of the control point
location.
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5.10 In active tectonic regions, relatively abundant empirical data exists and Gsheklsl

be developed primarily from that dada from data from similar seismotectonic settingss

areas witHower rates of earthquake activityhere data is much less abundant (such as stable
continental regions)alternative empirical or ser@impirical methods have been developed

for deriving GMPEs. Examples of these methods include the hybrid empirical meatkdod
hybrid reference empirical methoboth of which rely on utilizing a GMPE developed for
regions where abundant data exist (a host region)he hybrid empirical methogimple
parametric seismological models tfie physical properties of the seisnsource and
diminution of seismic energy with distance are used to adjust the host GMPE to conditions
consistent with the site or region of interest (the target conditions). For the hybrid reference
empirical method, adjustmeftshould bedeveloped basesh residuals between the empirical

data in the target region and the GMPE model from the host region. This approach requires an
adequate number of empirical data in the target region to perform the necessary residual
analysis for the development of the ustiments.

5.11 If adequate data do not exist in the site region to directly develop a reliable suite of

GMPEs then the adjustments described in gada) should be used to adjust weklibrated  Deleted: 5.10

GMPEs from other regions so they satisfy the generigdria in para.5.9 To avoid the Deleted: 5.9

Deleted: error

coefficiens should be evaluated basedpysicsbasel scalingIf non-ergodicGMPEsare to (Deleted: among
be used, altoefficients should be properly identified riepresent the ground motions for the [Deleted: in the GMPB

specific conditionsIf ergodicGMPEsare to be used, they shollé able to capture overall
ground motion characteristics with less parametalthough it is known thathe standard
deviationmay be larger than theonergodicGMPESs

5.12 The aleatory variability should be considered for the GMPEs and derived from the
residuals between observed and predicted motions. The residuals may depend on magnitude
distance or ground mdbn level itself. At the selected specific site, detailed site response
analysis or the residual investigation using vibratory ground motions recorded at the site should
be conducted in order to reduce the aleatory variability.

5.13 Empirically derivedvertical vibratory ground motioshouldbe represented either as a
verticakcomponent GMPE or as an empiricadlgrived ratio between vertical and horizontal
components of motion. Caution should be exercised when utilizing a verticglonent
GMPE in the seismic hazard assessmealiculations as the scenario earthquakes that are
developednightdiffer from those derived for the horizontal case.

5.14 Caution should be exercised in comparing the selected GMPEs with recorded ground
motions from small, locally irded earthquakes. The use of such recordings (e.g. in scaling

‘| Formatted: Font: (Default) TimesNew Roman

S In the high seismicity region, there are many NPP sites where plenty of strong ground motion records have [Formatted: Font: (Default) Times New Roman

been observed. At these sites, single station residuals can be determined by the ratio between the observed
predicted motions. The predictgdound motion by GMPEs can be corrected with the single station residuals.
This site correction method is already introduced in the MS regulation and defined as the hybrid reference
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the selected attenuation relationships) should be justified by showing that their inferred
magnitudes and distance scaling properties are appropriate for earthquakes within the ranges
of magntude and distance that are of greatest concern regarding the seismic safety of the
nuclear installation. Nevertheless, best efforts should be performed to reflect those observed
data in the seleicin of theGMPEs.

5.15 When available, mcro seismic intensityada may also be used tassign weights to | Deleted: should

GMPEs orcalibrate the selected GMPEs in those regions where instruments for recording
strong motion have not been in operation for a long enough period to prawffigent
amounts of instrumental data. These data may be used at least in a qualitative manner to verify
that the GMPESs used to calculate the seismic hazard are representative of the regional ground
motion characteristics. However, care should be exercised wheformigrg these
comparisons as the uncertainty in translating mauensity data to the desired ground
motion intensity metric can be significant.

Epistemic uncertainties of the technically defensible interpretations

5.16 The appropriate treatment of epistemic uncertainties requires the identification,
evaluation, and quantification of the range of possible vibratory ground motionsittat

occur at a site. Except for regions where a sufficient number of independeoityspgcific
GMPEs have been published, the full quantification of the range of possible ground motions
might not be possible using the selection of GMRHrrently available for a specific region.

This would rejuire usingmodels from other regions and applying adjustments (as describe{ Deleted: Epistemic uncertainties should be quantified.

in parayraphs5.10 and 5.11) either to render the models more applicable to local conditions
or to make the models compatible in terms of predictor variables.

5.17 There are several alternative methodologiesshatildbe used to represent thentre,
body, and rangeof technically defensible interpretatiofe estimating ground motions at a
site from future earthquakes. All methods begin with the developmemepfesentative suite

of GMPEs that satisfy the selection criteria described in.gaga,The methodologieso  Deleted: 5.9

develop weights for individuaBMPEs should bébased upothe degree of confidence in each [Deleted:

GMPE and/or approach and the conformance with existing data. Consideration should be
given in the application of this approach to developing a representation of the future median
ground motions that is a completed representative (unbiased) sample of the ground motion

Jange [Deleted: space

GROUND MOTION SIMULATION METHODS

5.18 Ground motion simulations provide results that can be used to refine and calibrate
empirical GMPEs, to directly develop ground motion prediction models, and to develop ground
motions for specific scenario events. Several simulation methods exist andseaieetbn
following paragraphsAny simulation approach, if used, should be carefully validated and
calibrated against availablecorded data from the region of interest

5.19 One commonly used approach utilizes a stochastic simulation methodology based on
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simple parametric models that represent the physical properties of the seismic source and
propagation and attenuation of seismic energy. This methodology can either represent the

source as a point or as a finite fault with rupture that evolves in spacénaadlhis  Deleted: Both
methodolog, should include the development of regigmecific parametric models for the | Deleted: ies
seismic source, patland site effects that should be calibrated with empirical data from the Deleted:

region of interest.

5.20 Alternative ground motion simulation methods utilize a more direct physical
representation of the seismic source and wave propagation.dhgsesbasedmethods use
fault rupture modelling and patipecific wave propagation to estimate ground motidhese
procedures may be especially effective in cases where nearby faults contribute significantly
the vibratory ground motion hazard at the site and/or where the existing empirical data
limited (on the hanging wall of a nearby fault for example)e physicsbased method®r

fault rupture descriptioffall into two general categories, kinematic and dyndiic,

5.21 In the kinematic simulation approach, the macro parameters (e.q. rupturseisaac
moment average stress drop, and inhomogeneity of the finite fault) should be identified, ¢
well as, the micro parameters (e.g. the slip velocity function and rise time distribution) on th
finite fault should be definedThe modelparaméers cannot be known in advance for future
ruptures on a specific fault. Hence the simulations should represenptiiasesteraluesas
random variables with appropriate correlation amibregyy The specific characteristics of the
seismotectonic setting where the site is located should also be given due consideration.
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Deleted: . The kinematic simulation methatould specify
the following paraneters:

Fault geoméry paameers (locaion, length, width, depth,

dip, strike); T

Macro-paraméers (hypocenter, ssmc momen, average
dislocdion, rupture velocity, awerage stressdrop); 1
Micro-parameters (risetime, dislocation, stresgparameters for
finite fault elemens);

Subsurface&Crustalstructure parametefsom source to site
such as shear and compressional (alternatively, Poisson’
ratio) wave velocities, density and anelastic attenuation fe
(i.e. seismic quality facto®).

the fault should be defined by, for exampHip weakening friction modelshat are

Font color: Auto

sufficient number of simulations should be conducted to provide a stable estimate of ' th_Deleted: Most of )

median ground motions at the site ofarest as well as the variability about that median. ( Deleted: mertional above )

Kinematic models typically utilize a stochastic approach to model theff@ighency portion [De'e“*‘: properties J

of the spectruma s Gr_e e n dHeweteu the aeataynvariability should be comparable ( Deleted: st some of the variables )

to thatassociated with empirical GMPESince a potential weakness of simulations is the [Fofmaﬁedi Font color: Auto J
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characterized by the dynamic stress drop, strength exessritical slip distance distribution

[ Formatted:

on the finite fault. As with the kinematic simulation approach, these properties are unknown

for future earthquakesa specific fault and should be treateg@selatedandomvariables.

5.23 If recordings of earthquakes exist at or near thegsiteparagraph 34), this datashould
be used to either calibrate the theoreti
Greends function in the rangeatmof
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5.24 Potential inhomogeneity of the fault rupture model should be considered such that a high

frequency component and pulllee signal of the seismic waw®ulddepart from any specific
area on the faulCaution should be taken that high frequency and logueacy components
arenot always generated from the same afeathermore, any available relevanb2or 3D
crustal structure modéhatdeviates from the assumption of homogeneous horizontal layered
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models should be considered for a more realistic vpagpagation simulation.
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6. VIBRATORY GROUND MOTION SEISMIC HAZARD ANALYSIS

GENERAL

6.1 This section provides recommendations for performing the vibratory ground motion
hazard analysis based di) the approachescurrently recognized by engineering and
regulatory practiceand (ii) the data, modeland methods for determining vibratory ground
motionas described iSections 3, 4and 5 respectively

6.2 The approach to be used for assessing the vibratory ground motion hazard at the nuclear

installation sie should be defined at the beginning of the seismic hgzsessmergroject. [Deleted: evaluation

The vibratory ground motion hazard may be evaluated by using probabdistior
deterministic methods of seismic hazard analysis. The choice of the approach depends on the
nationalregulatory requirements attteend user specificationahich should be documented

in theprojectwork plan (see SectionQ). ( Deleted: quality

6.3 The vibratoryground motion seismic hazard analysis should use all the elements and
parameters of theostulated seismic source mo@g(see Section 4), including the quantified
uncertainties. Alternative models proposed by the efg)ert the field of seismic hazard
analysis, should be formally included in the hazard computation.

6.4 Inthevibratory ground motion hard evaluation, bothtypes ofuncertaintiesd aeaory
and epstemic 8 shauld be consideredegardless of the approach used

6.5 Compuer codesthatare used in the evaluation of the vibratory ground mation hazard
shaild be abde to accommalate the various ground motion predictiorand sesmic souce

mocels defined by the project team for the sdsmic hazad assessmenfor use in the [Deleted: evauaion

cdcuations. It shodd also be demondrated that these cods accaint appopriately for the
treatment of uncetainties.

6.6 Consideration should be given during the hazard analysis to the appropriate interfacing

of the assessed vibratory ground motion and theysgponse analysisvhich is normally  Deleted: soil

identified by specifying a control pointrdayer beneath the sitevhere theseismichazard
analysis specifies thground motion and the site responsmd/or soHstructure interaction
analysistakes this asdts input motion,_see NS-G-1.6 [5]. Amplification by decreasing
impedance (seismic wave velocity and density) and the attenuation in the subsurface strata
should be evaluated for the ground motion estimation close tmttieol point or layeexcept

at the hard rock site. Actual subsurface strata are not always horizontally homogeneous and the
inhomogeneity of the subsurface structure includingliv@ar effects may influence the wave
propagation. Vertical borehole array measurements okiemi wave are useful to evaluate

the wave propagation characteristic at the(siéeparas 6.20 6.25).

6.7 Consideration should be given to the possibility thetund motion hazard may be - [Formaned; Indent: Firstline: 0 cm

influencedby the fault rupturedriven byanthropogenic activity, e.g. reservoir loading, fluid
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injection, fluid withdrawalor other such phenomepa. (Deleted: 1

6.8 The design basis may be derived using eitlgrphabilisticor adeterministicapproach,

while the probabilistic safety assessment of the nuclear installation can only be performed
using the results of probabilistic seismic hazard assessm&squirements for the use of
probabilistic safety assessmeéior nuclear power plastare establishd in IAEA Safety

Standards Series No. SSIRL (Rev. 1) Safety of Nuclear Power Plants: Des[&h ( Deleted: , Specific Safety Requirements

[ Deleted: 7

PROBABILISTIC SEISMIC HAZARD ASSESSMENT

6.9 A probabilistic approach should be usetien the safety of the nuclear installation
against earthquake loadimeeds tobe demonstrate with explicit consideration ofthe
likelihood of occurrence dherelevantseismichazard (e.g. vibratory ground motiolevel).
Probabilistic approaches consider the rates of recurrermewficevents along witlvalues

of relevant parameterln these casetheannual frequency of exceedarafaifferent levels {Deleted: their estimatedmaximumsizemagnitudeand a
of therelevanthazard paramete(s.g. the peak ground acceleratishpuldbe estimated to range of other parameters

|

defineanappropriate design basiad/or toperform aseismigprobabilistic safety assessment

In subsequent analyses these results may be used to demonstrate the nature of _cliff e[ Deleted: 7

effects ad to ensure that performance targets are met.

6.10 Theevaluationof the vibratory ground motion seismic hazard by probabilistic methods
should include the following steps:

1) Select the level of effort, resourcemnd details to be apptl in the seismic hazard
assessmentroject considering the safety significance of the nuclear installation, the
technical complexity and thencertainties in the hazard inputs, regulatory requirements

and oversightandthe amount of contention within the related scientific comityt} Deleted: , the degree of public concern and évailability

of project resources

2) Developa detailed work plan with careful consideration of the expleatswill constitute
the project teamand the project reviewers who will participate in the independent peer
review procesdf a participatory peer review is provided in the project planwhbek
plan should consider the conduct of technioekting to be held with participation of
expertsfrom the project team and from the review team to discuss topics related to (i)
issuesrelating tothe hazard determination ante availability and quality of the
compiled data, (ii) alternative interpretations, (i@edback for the project executidh.

emphasizes the importance of the participatory peer rex

a participatory review is not included in the project plan, then this should be jystified Deleted: , since relevant good practice currently

3) Compile the integrated geological, seismological, geophysical and geotechnical process

databaseasrecommendedh Section 3 and build theeismic source modés) for the
site regon in terms of the defined sdsmic souces induding uncetainty in ther

boundaries and dmensons asrecommendeth Section 4 A &zoneleséapproach8] is

an alternative scheme to avoid boundary issuesits implementation should be  .Formated: Font (Default) TimesNew Roman, 9 pt

Formatted: Font: (Default) Times New Roman, 9 pt

Font color: Auto

£ Operators may also adopt a more resource intensive project as a way of addressing public concern, but this is not/a
technical judgement and the merits of such decisiaking are not considered in this Safety Gyide.
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adequately justified

4) Evduate, for each sdsmic source identified in the seisosource modés), the potertial
maximum magnitude distribution the rate of eathquake occurrenc, ard the type of [ Deleted: potertial }
magnitudel frequency relationship, togeher with the uncetainty assocated with ead
evduation.

5) Select the appropriate GMPEs for the site region and assess the uriesitelith the
mean and the variability of the ground motion as a function of earthquake magmitude
distance fronthe seismic source to sitdhe physics-based simulation techniques as
described in Section 5 are alternative schemes to evaluate the gnotiod usinga
sufficientnumber of calculated time histories to define the central, ety range of
thetechnicallydefensible interpretation¥he selection and/or adjustment of the GMPEs
should be done with consideration of the use in site resporsgss, meaning that
interaction with step 7) below is needed.

6) Build analysis models (logic trees) angfformhazad cdculations including sensitivity
analysis in a phased approach, starting with a preliminary analysis round, discdissi
the preliminary results, and ending with a final analysis rotinad will provide the
necessargeliverables defined in accordance with the user needs.

7) Perform the sitgespong analysisin the case of the sitgesponse functions naeing+ [Formaned; Font color: Auto }
includedin the ground motion evaluation Formatted: Indent: Left: 0 cm, Hanging: 0.95cm, ‘
. . 5 . . Right: 0.1cm

8) Elaborate, reviepand approve the final report including aicessargeliverables. 9
[Formatted: Not Expandedby / Condensed by J
6.11 The smallest annual frequency of exceedance of intinesthich the seismic hazard Formatted: Font: TimesNew Roman, 12 pt, Font color: |
should be calculatedwill depend on the eventual use of the probabilistic seismic hazard| auto ‘
analysis (i.e. whether for design purposes or for input to a seismic probabilistic safet[ Deleted: soil ]

assessment) and should be indicated in the project plan (see S€tidhis value can be
extrenely low when it is associated with seismic probabilistic safety assessment ,studies
where probabilistic criteria (such &Sore Damage Frequencyor Large Early Release
Frequency, in relation to norseismic initiatorare themselves lovin such cases, casaould

be taken to assess the suitability and validity of the databaseiiic sourcemode(s), the
GMPEs, and the basis for the expert opingprsince uncertainties associated with these
elementzan significantly bias the hazard results.

6.12 To assist in determining the ground motion characteristics at a site, it is often useful to
evaluate the fractional contribution from each seismic source to thevibtatory ground
motion seismic hazard by means of aalggregation process. Such-alggregation may be
carried out for a target annual frequency of exceedance, typically the value selected for
determining the design basis ground motion. Theaglgregation may be performed for at
least two ground motion frequencanges, generally at thelv and high ends of the spectrum,
which can be used to identify the magnitudistance pairs that have the largest contribution

to theannualfrequency of exceedance of the selected ground motion freguanges as

well as the input for the site respors®lysis
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6.13 To extrapolate or bounthe range of seismic magnitudes that is represented by the Deleted: stay within

database used in the derivation of the GMPEs, it is necessary to use a corresponding lower
seismic magnitude limit. The practice has been to combiséotiver limit consideration with

an engineering concept that is linked to a ground motion level from a seismic magnitude
below which no damage would be incurred by the structures, systsrdscomponents
important to safety @he nucleainstallation A seismic magnitude value alone is not the best
way of representing damage potentiad. en alternative to the use of a magnitude measure,
the lower bound motion filter may be specifi@aterms of an established damage parameter,
such as the cumulativabsolute velocity, peak ground velocity, instrumental seismic
intensity) in conjunction with a specific value of that parameter for which it can be clearly
demonstrated that no significant contribution to damage or risk will occur. The lower bound
motion flter should be selected in consultation with the seismic designer and/or the fragility
and safety analyst.

6.14 Because ofhe uncertaintigsmainly of an epistemicnature thatare involvedat each
stage of théhazard assessmemtocesspoth theassumptios adoptedn previous steps and
the overall resultobtained from the analysisshould be evaluatethased on available
observationsaind data from actual seismic evemsath due consideration of the difference
between thahortperiod of data availabilitgnd the return period usually adopted for seismic
design of nuclear installation®his evaluation should be used to cheitkerthe consistency
of theassumptiosor the adequacy of the definbdanch of the logic tre@r to assign proper
weightin the logic tree

6.15 The results of the vibratory ground motidrazard analysis using a probabilistic
approach should beonsistenwith thetypical output shown ithe Annex

DETERMINISTIC SEISMIC HAZARD ASSESSMENT

6.16 A deterministic approach is anotheéable approach for seismic hazard assessment. The
approach is more simplistic and does not systematically catalogue and model the uncertainty

associated with the estimation of all potential earthqudiesiever care must be given to {Deleted_: A deterministic approactan be used as an
selecta conservative scenaridthe relevant seismic hazards (@gonservativéevel for the alternative to the probabilistic approach.

vibratory ground motiohazard in line with national practicen these casesonservative {Deteted: ¢

values of thekeyhazard parameters should be estimated to dafiappropriate design basis
for the nuclear installation in accordance with established safety mavigfims a defensén-

Deleted: uses

depth frameworkThe deterministic approagissuressingle individual values (i.eccurring

with a probability of 1) for key parameteteadingio a single value for the resyfis defined Deleted: for

in IAEA Safety Standards Series No. SS8GDevelopment and Application of Level 1 Deleted: (

Probabilistic Safety Asssment for Nuclear Power Plafis)], Deleted: 8

6.17 To be meaningful, deterministic seismic hazard assessments are appropridta only | Formatted: Not Highlight

regions where@noughappropriatedataexistsfor, key paramedrs If this is not the casdhe

Deleted: good

level of statistical uncertaintynplied for each parametean leado the use ofexcessively \
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conservative bounding values that is liketyturnto lead to grossly excessive predictions of
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seismic _hazal levels. The main difference betweenetrministic and probabilistic

assessmentis that the formedoes not model parametemuncertaintyexplicitly; this is an

especiallyimportant andsometimes dominant consideration in seismic hazard assessmen{ Deleted: an

for regions of low seismicity.

6.18 Theevaluationof the vibratory ground motion seismic hazard by deterministic methods

should includehe following stepgit should be noted that the fifite steps of this process
areessentially the same #®se describeith para.6.1Qfor performing a probabilistic seismic [Deleted: 6.9
hazard assessmgnt  Deleted: 6.8

1)

2)

3)

4)

5)

6)

Select the level of effort, resourcemnd details to be applied in the seismic hazard

assessmemnroject considering the safety significance of the nuclear installation, the[ Deleted: evaluation

technical complexity and the uncertainties in the hazard inputs, regulatory requirements
and oversightandthe amount of contention within the related scientific commugity,

also foohote to para6.1Q item1), ( Deleted: 69

]

Develop a detailed work plan with careful consideration of the exthettsvill constitute { of projectresource

Deleted: the degree of public concern and thwilability

|

the project team and the pecj reviewers who will participate in the independent peer
review procesdf a participatory review process is provided in the project pranwork
plan should consider the conduct of technical meetings to be held with participation of
experts from theroject team and from the review team to discuss topics related to (i)
issuesrelating tothe hazard determination arte availability and quality of the
compiled data, (ii) alternative interpretations, (iii) feedback for the project execlition

a participatory review is not included in the project pl#ren this should be justified

since relevant good practice currently emphasizes the importance of the participatory
peer review process

Use the seisim source model(ghat wagwere)compiledas ecommended in Section 3,

in terms of the defined seismic sources identified on the basis of tectonic characteristics,
the rate of earthquake occurrenaad the type of magnitutirequency relationship
including non Poissonian model§possible

Evaluate the potentialmaximum magnitude for each identified seismic source included | Deleted: potential

in the seisnt sourcemode(s), to be determinedconsidering theuncetainty in

maximummagnitudevalues | Deleted: distribution

Select the GMPEsadequatefor the region and assess the mean and variability of the
ground mation to be obtaineds a function d earthquake magritude and the distance
from the seismic source to the site, including the influence of the specifsite soil
conditions

Perform the vibratory ground motiomazrd cdculation such that

() For each seismogenic structure, thetential maximum magnitude should be |  Deleted: potential

assumed to occur at the point of the seismogstnicture closest to the site area
of the nuclear installation, with account taken of the physical dimensions of the
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seismic sourceWhen the seismogenic structure is within the site viciaity its | Deleted: area

location and extent cannot be determined withisigffit &curacy the potential [ Deleted: s

maximummagnitude should be assumed to occur beneath the site. | Deleted: potential

(i) For zones of diffuse seismicitgat do not include the sitthe associategotential

maximum magnitude should be assumed to occur at the point ofegien | Deleted: potential

boundary closest to the site.

(iii) In a zone of diffuse seismicity that includes the site of the nuclear installation, the

potentialmaximummagnitude should be assumed to occur at some identified  Deleted: potential

specific horizontabnd verticaldistance from the site. This distance should be
determined based on detailed seismological, geolqgiartl geophysical
investigations (both onshore and offshore)witie goal of showing the absence

of faulting in the site vicinity or, if faults are present, they are characterized with
the direction, extent, historgnd/or rate of movements as well as the age of the
most recent movemeheing characterizeals olderfhan the established definition

for fault capability (see Section 7). This investigation covers an area that is

typically less than thgegional area, up to a maximum of about ten kilometres. [ Deleted: near

The actual distance used in the GMPEs will depend on theebtmate of the
focal depths and on the physical dimensions of the potential fault ruptures for
earthquakes expected to occur in the seismotectonic province.

(iv) Several appropriat&MPEsor, in some cases, simulated ground motions based

on fault rupture mdelling should be used to determine the ground motion that[ Deleted: s

each of thepotentialmaximummagnitude earthquakes would cause at the site,[ Deleted: potential

with account taken of the variability of the ground motion.

(v) Ground mation chaaderistics shoud be obtained as result of applying the
deterministic approachby implementingthe recommendationsprovidedin para.
5.4

7) Take into accourt both aedory and epstemic uncetainties at eab step of the
deterministic eduation, to ensurehat the conservaive procedue desaibed abovehas
covered all involved ocertainties while avoiding double counting. This approach
should explicitly assess the adequacy of the treatment of uncertainties with respect to
the choices that have been made in the different steps (e.g. the assumption that the
maximum magnitude earthquake would be located at the closest iotatice site) to
getanappropriate confidence level at the end of the process.

8) Perform the site response analysis.
9) Elaborate, reviewand approve the final report including aftcessargeliverables.

6.19 If both probabilistic and deterministic assessmamngsperformed, the results from both
should be compared. This will enable the deterministic resuittuding the design basis
hazardlevel, to be calibrated against the probabilistic results, allowing some risk and
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performance insights to be develop@dfurther calibration exercise should be performed [Deleted:

against the deggregation analysis to determine the characteristics of the design basis

earthquake at the si(see pars6.12). [Deleted: .
(Deleted: 6.1
SITE RESPONSE ANALYSIS [ Deleted: 6.11

6.20 Once the vibratory ground motion analysis is@anthe selecteteferencesite location

and elevationa site response analyssfiould be doneonsidering the detaileand specific
geophysical and geotechniégaformationon the soil profilesn the sitearea Theaim of the
analysis igo obtain thevibratory ground motion parameters at the free surface at the top of
the soil profile, and/or at other locations in fivefile, such as the bottom level of the basemat
of selected structures ahdildingsimportant to safety

6.21 If the seismic hazardssessmeris performed for a new sitwithin which the precise ( Deleted: evaluation

location and layoutof the nuclear installation is notet known (including the lackof
information of its foundation characteristjc¢he site response analysis shoulcpbegormed
atone of the following locations

(a) At the most likely location of the installation within thiée area;

(b) At a location representative of the general geotechnical characteristics of the site ar{ Deleted:

(c) At a dneard location assumed as a place with mean values of the geotechnical
characteristics of the soil profile.

6.22 The site response analysis conducted at this early stage using any of the assumptio[ Deleted: soil

[ Deleted: soil

seismic hazard design bastigtshould be followed later by dinaldsite response analysis to
be performed at the finally defined location of the structures of the nuclear installatton
also possible to deféhesite response analysis until the exact locatibtine structures of the
nuclear installatiomnd thé foundation parameters are sufficiently wallown

6.23 If the site is an existing sitaith operating nuclear installatiors a site where the
specific type of installation iadequatelydefined in location and layouthe site response
analysis should preed specifically for such installations.

6.24 Two approaches can be taken to properly consider sipecific geological and
geotechnical soil conditions at a site as part of the estimation of the seismic vibratory ground
motion. The first approach is to utiliZMPEs appropriate for the specific si®oil/rock
conditions, i.e. usingMPEsthat have been developéat subsurface conditions of the type

that prevails at the site. The second approach is to conduct a site response analysis compatible
with the detailed and specifigeotechnical and dynamic characteristics of the soil and rock
layersat the sitearea The decision on which approach to be used should therefore be made
based on th&MPEs utilized for calculating the seismic vibratory ground motion parameters

at the site. [ Deleted: .

" [ Deleted: 6.23

6.25 If thefirst approactdescribed ithe previougpar

[ Deleted: 6.22
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ground motion parameters at the free surface of the top of the soil pnafiieeuseddirectly
for defining the seismic hazard design bé&sighe nuclear installationf thesecond approach
is utilized, a stegby-step procedure should be applied as follows:

(1) Determine the best estimate soil profjiarametersbased on the geophysical and
geotechnical database compiledesommendedh Section3, for the full depth from the
bedrock outcrop layer to the free surface including uncertajie@tuated in accordance
with the value of such deptfihis means determing the nmean values andssociated
uncertaintie®f the following parameterfor eachsoil layer:

@)

©)

4

®)

6)

™

®)

@) Thelow strain shear wave velocitys);

(i) Thestrain dependent shear modulus reductionhesteretic damping properties

(i) Thesoil density
(iv)  Thelayer thickness

(v) Forthevertical componenthecompressional wave velocity/g).

[ Deleted: site

Evaluate the correlation of soil layer properties, i.e. determine whether they correspond
at the same time for each layer so that their characteristics should be correlated or

uncorrelated in the simulations

Determine whethetD equivalent linear analysstould be performeadr more complex
approaches are neededaccount for notinearity.

If the site strata are not horizontally uniform (e.g. valleys, layers with significant
inclination),inhomogeneousffects in site response sholld examined

Starting with the seismic hazard curves obtained at the bedrock Quiaioplatesite
amplification factorgshrough convolution of the bedrock hazard curves for each spectral
frequency of interesgo that they mimic theharacteristics of the principle contributors

to the deaggregated seismic hazard, includdiffuse seismicity

Develop the uniform hazard response speaditthe identified locations of interest for the
nuclear installation site and for the annual fremgies of exceedancselected for
defining the seismic design basisg.10“ and 16 per yea). Note that the final design
basis ground motion should be developed with en@adtymargin beyond this level.

If possible verify the s$te responseanalysis resultswvith any availableobserved

instrumental records.

If thesubsurface structure and buried foundatiame complexsoil-structure interaction

analysisshould be coducted.
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7.  EVALUATION OF THE POTENTIAL FOR FAULT
DISPLACEMENT AT THE SITE

GENERAL

7.1 Thissedion providesrecommendationfor assessirg the potential for fault disgacemeat
phenomendhat might challenge the safety of the nuclear installation. This challemgéat
arise from thepotentialto produce permanent offsettirg tearing of the ground surface (i.e.

surface faultingkt or in the site vicinity (see para3.27) and site areasee para3.30) for [Deleted: of the site

bath new and existing nudea installations affecting structures, systefnand components | Deleted: 3.27

important to safetylt also providesrecommerlations regading the scope of theinvegigaions
tha are necessgrto permit sud an assessmemto be made.

7.2 Inrelation to this seismic hazail@SR1 [1] states that

fiGeological faults larger than a certain size and within a certain distance of the site
and that are significant to safety shall beevaluated to identify whether these faults
are to be considered capable faults. For capable faults, potential challenges to the
safety of the nuclear installation in terms of ground motion and/or fault

displacement hazards shall be evaluatedl(Requirement 15 0c8SR1 [1])

fiCapable faults shall be identified and evaluated. The evaluation shall consider the fa
characteristics in the site vicinity. The methods used and the investigations made shall
sufficiently detailed to support safety related decisinfpara. 5.2 o6SR1 [1])

Deleted: Faults beyonda certain size and within a
certain distance of the nuclear installation that are
significant to safety shall be evaluated to identify
whether these faults are to be considered capable fault:
For capable faults, potential challenges to the safety of
the nuclear installation in terms of ground motion
and/or fault displacement hazard shall be evaluated.

fiThe potential effect of fault displacement on safety related structures, systems al
components shall be evaluated. The evaluation of fault displacement hazards sh
include detailed geological mapping of excavations for safety related engineer

Deleted: Capable faultshall be identified and evaluated
The evaluation shall consider the fault characteristics in
vicinity of the site. The methods usethd the
investigations made shall be sufficiently detailed to sup|
safety related decisiors.

structures to enable the evaluation of fault capability for thegsite( par a. -15.

[1])

fA proposed new site shall be considered unsuitable when reliable evidence shows

Deleted: The effect of fault displacement on safety rela
structures, systems and components shall be evaluatec
Evaluation of fault displacement hazard shall include
detailed geological mappiraf excavations for safety
related engineered structures to enable evaluation of fa
capability at the site.

existence of a capable fault thads 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 iginity of an existing nuclear installation, the site shall be deemed

unsuitable if the nuclear installation safety cannot be demonsfr§pada. 5.4 of SSR

[1])

Therecommendations provided in this sectame aimed at meetirtfjese requirementsvith
specialconsideration given tthe difference®etweemew and existing sites.

Deleted: For the new sites, an alternative site shall be
considered when reliable evidence shows the existence
capable falt and its effects cannot be compensated by
design/engineering protective measures. In case of a
capable fault is identified in the site vicinity of an existin
nuclear installation, the site shall be deemed unsuitable
the site safety cannot be demoattd.

7.3 Fault displacement is the relative movementhef two sides oh faultat or near the
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surface measured in any chosen directigenerated han earthquakePrimary orprincipal ( Deleted: in relation to

faulting occurs along a mafault ruptureplane(or plane) that is théocationof release ofhe [ Deleted: (either directly or indirectly)

energy. Secondary or distributed faultindtig rupture that occurs near the principal faulting, “[Deleted: Principal

possibly on splays of the main fault or antithetic fauftother words, displacements could be
associated with # causative (i.e. seismogenic) fault or could occwsaiemically on
secondary faults. It should be noted that tectogliative displacements associated with folds

(synclines and anticlines) ar e fadltsreep, wheo | (Deleted: However,

demonstrated as such, is considered as a slowly progressing gediagk at may affect [Deleted: f

the safety of nuclear installations but is not seismically induced and therefore not consider[lzormaned: Font color: Auto

in this Safety Guide ‘ Formatted: Font: Times New Roman, 12 pt, Font color:
Auto

CAPABLE FAULTS

Definition

7.4 The first question regardinghe assessment of the potential fault displacement is
whether a fault (buried or outcropping)atin the vicinityof the siteis to beconsidered as
capablei.e. whether or not a fault has a significant pagifior producing displacement at or
near the ground surfac€he basis for answering such a question should be the proper analysis
and interpretation of the data compiled in timegrateddatabase (see Section, 3s
incorporated in the seismsourcemode(s) (see Section 4), together with additional specific
datathatmay be needefibr such assessment

7.5 Based on thgedogicd, geophysicalgeodeic, and/a seismdogicd data, a faut shoud
be corsidered capatte if the following condtions apgy:

a) If it shows evidence of past movement (such as significant deformations and/or
dislocations) within such a period that it is reasonable to conclude that further

movements at or near the surfanght occurover the life of the nuclear site or [Formaned; Font color: Auto

installation In highly active areas, where boseismic and geological data ‘Formaned; Font: Times New Roman, 12 pt, Font color:
consistently reveal short earthquake recurrence inteneliglence of past Auto
movements in thperiodof Upper Pleistocen® Holoceng(i.e. the presehtnay be [Formaned: Font color: Auto

appropriate for the assessmentapable faults. In less active areas, it is likely that

much longer periods (e.g. Plioc [ Deleted: Quaternary

areas where the observed activity is between these two rates (i.e. not as highly active

as plate boundges and not as stable as cratonic zpries length of the period to [Formaned: Font color: Auto

be considered should be chosen on a conservative basis (i.e. tending to Iong[ Formatted: Font: Times New Roman, 12 pt

timescales including the Pliocen@ne way to calibrate the time frame féault ( Deleted: o

capability may be toheck if the site is in the deformed area of major regional faults. | Formatted: Font color: Auto

Longer time frames should be used when the site is far away from the potentially
deformed areas of these regional structures.

b) If the capability of a fault cannot be assessed as indieht®ee becausi is not
possible to obtain reliable geochroogical data by any available method, the fault
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should be considered capablé fould be structurally linkedith a known capable
fault (i.e. if a structural relationship with a known capalfiéellt has been

demonstrated such that the movement of one fault may cause movement of the other

at or near the surface)

c) If the capability of a fault cannot be assessedeasribed ia) and (b) because it
is not possible to obtain the relevant reliatdga by any available method, the fault
should be considered capable if fligentialmaximummagnitude associated with

the seismogenistructure, as determined in Section 4, is sufficiently large and at

{

Deleted: potential

such a depth (i.e. sufficiently shallow) that it is reasonable to conclude that, in the

current tectonic setting of the site area, movement at or near the sadigcbeccur.

7.6 The periodwithin which evidence of past movement will determine the capability of a
fault, as indicated irpara.7.5 a), should be definedt the beginning ofhe seismic hazard
assessmemrojectthrougha site-specificcriterionbased on the characteristics of the region
tectonic environment and the conditidnghenear region and site vicinityrhis criterion for
assessing fault capability should éstablished by caigreed with the regulatoiyody.

Investigations necessary to determine capability

[ Deleted: ,

{ Deleted: 7.5a)

[ Deleted: areas

7.7 Sufficient surface and subsurface related data should be obtained from the investigations

in the regioml, near regioal, site vicinity, and site ares(see Section 3) to show the absence

of faulting at @ near the site, or, if faults are present, to describe the direction, extent,,history

and rate of movements on these faults as well as the age of the most recent movement.

7.8 When surface faulting is known or suspected to be present, site vicinity scale

investigations should be made that include very detailed geological and geomorphological

mapping, topographical analyses, geophysical surveys (including tgeotasurementsf
necessary), trenching, boreholes, age dating of sediments or faulted ratkgismological
investigationsand any other appropriatg to date and stat#-the-arttechniquesandremote
sensing methodavailable,to ascertain the amount and age of previous displacements o
deformations.

7.9 Consideration should be given to the possibility that fahlié$have notshownrecent
near surface movementight be reactivated bgnthromgenic activity e.g.reservoir loading,
fluid injection, fluid withdrawal or other such phenomepa.

[ Deleted:
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7.10 Investigationgf a capable faulting analysis should be sufficient to enable a confiden
decision to be made regarding whether or not it can be screened out as a credible hazal
nuclear safety, or if judged to be credible, to provide suffiaiemntitative information tghe

subsequent design and safety analysis process in accordance with p&aet X&d. The
capable faulting investigations should also link to those undertaken for vibygtound
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Auto

, Font color:
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motion analysis and & consistent with them. Whilst the specific needs of both analyses ar{ peleted: different

somewhatinconsistentin terms of data needs and outputs, the documented narrative th
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reports on these analyses should recognize that both hazards deriybdreamgectonic [Deleted: common

structuregn theyegion, Formatted: Font: Times New Roman, 12 pt, Font color:

Auto

CAPABLE FAULT ISSUES FORPROPOSEINEW SITES

Deleted: and activity

7.11 During the selection and evaluation stag#sa proposednew site for anuclear

(
[ Deleted: site

Formatted: Font color: Auto

installation if reliable evidencés collected demonstrating the existence oépable fault with
potential for seismogeni&e. primary)fault displacemenwithin the site vicinity, or within the
site areaand its effects cannot be compensatedptpven design/engineering protective
measties thisissueshould be treated as exclusionary attributéseepara. 3.8 of IAEA Safety

Standards Series N8SG35, Site Survey and Site Selection for Nuclear Installatidrig) (Deleted: 9

and an alternative site should be considered

7.12 If during the selection and evaluation stages gfreposednew site for a nuclear
installation reliable evidence is collected demonstrating the existence within the site vicinity

of asecondary falt belonging to a seismogersapable fault located outside the site vicinity, | Deleted: area

this issue may be treated as a discretionary attributepésae3.8 o5SG35[11]). However, {Delt_eted: and its effects cannot be compensated by
if reliable evidence shows thiis secondary fauls traced or extended the site areaand its design/engineering protective measures,

effects cannot be compensateddigvendesign/engineering protective measutbis issue ‘[De'emd: 9

should be treated also as an exclusionary attribute and an altesitg should be considered.

CAPABLE FAULT ISSUES FOR SITES WITH EXISTING NUCLEAR
INSTALLATION S

7.13 In generalpecaus®f the extensive site investigatipnogrammeequired for a nuclear
installation, the situation should not arise in which further considersitionldbe given to the
potential for fault displacement at the site of an existing nuclear installet@vever, it may
be the case that information comedight laterthat there is a potentiglcapable fault irthe
site vicinity that requires the assessment of fault displacement potéiteefore, it is
recommended that for existing nuclear installatifmrswhich a seismic safety evaluation
programmeis conducted (seBAEA Safety Standards Series No. X&52.13 Evaluation of

Seismic Safety for Existing Nuclear Installatig@g]), the programme includes tassesment ( Deleted: 0

of the fault displacement potential basedtbe information available from the ginal site
selection and evaluation stagesid then making use ofupdated informatiorand current
techniques and criteriandusing aproper interpretatiofor all newly available data

7.14 If a new nuclear installation is to beilt on a siteon whichthere is alreadgne or more
existingnuclear installations, aridformation comes to light that there is a potential capable
fault in its site vicinity,the approactior the new installatiorshould be as recommended

paras7.11and7.12  Deleted: 7.10
[Deleted: 711
7.15 If thereis apotentially capabléault within the site vicinity and site areas, it shofifdt Deleted: , either primary or secondary,
be characterized to establisthether the fault could potentially approach and subsequently[ Deleted: determined
cause surface displacemehat affects items important to safety of thmuclear installation
This evaluation should Heased on the characteristmfsthefault, such as itsense o$lip and (Deleted: |,
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geometry (length and width including strike dip and rake angkem) structurally related Deleted: , and

(secondaryfaults the evaluation should besobased orjts relationship with the causative Deleted: its structural

way including due consideration oflated uncertaintie®oth epistemic and aleatory Deleted: (including dynamic rupture models)

fault. The evaluatioshoulduse validatedempirical anéor theoreticamodelgn a conservative | Deleted: , and

| Deleted:

7.16 If no sufficient basis is provided to decide conclusively that the fanliticapableand
theidentified faulthas a potential to affect the foundationstes important to safety of the
nuclear installationthen, usingll the available dateompiled agecommendeth Section 3
probabilistic methods should be used to abtan estimate of the annual frequency of
exceedance of various amounts of displacement at or near the surface.

7.17 In the probalilistic faut disdacemeh hazad andyss, the following two types of
possible dispacemerg shodd be consideredwith carefuland appropriatéreatmentof the
involveduncertaintiegboth epistemic and aleatory)

(a) Primary or principal displacementor faulting which occurs along a main plane (or

planes) that is (or are) the locus of release of seismic energy [ Deleted: .
(b) Secondaryor distributed displacemendr faulting which occurs in the vicinity dhe [ Deleted: displaemert, typicaly in the form of diredt
principal faulting, possibly on splays of the main fault or antithetic faults. In some cases,S8S1°g¢1c faut rupure

triggered slip has been considered to be a form of secondary or distributed faulting (a

triggered slip is a remote triggering of slip along a fault fronstadt earthquake). Deleted: displacement (also called indirect or subsidiai

Thefaultdisplacemenmis generaly charaderized as athree-dimensional disfacemenvectr that

displacement), typically associated with induced mover
along preexisting slip planes (e.g. a triggered slip on ar

shoud beresdved into commnentsof dip aong the fault trace and aong the fault dip, with the existing fault or a beddingault plane from an earthquake

that occurrd on another fault).

resuting ampitude equd to thetotal evduatel slip (for a given annuafrequeng of exceedane
ard for a given fradile of hazard)

7.18 The annual frequency of exceedacoeresponding tearious amounts of displacement
at or near the surface should be determiatethe foundation points defined liye specific
layout of foundations of structures, systearsd components important to safety of the nuclear
installation The mostup to dateand reliablemethodsof probabilistic assessmesihould be

applied. These inade empirical relationshipsandor engineering models (such as finite [Deleted:,

element analysis or Coulomb static stress transfer matatdrecompatible with the faulting
type and site area specific geologattingandusingall available data.

7.19 The range of annual frequencies of exceedance, for which the amount of displacements
is to be calculated, should be compatible with the safiéiplesof the nuclear installation.

From the hazard curve thus obtained,aheual frequency of exceedammeresponding to the

level required for safety evaluation purposes shoulddoptedo establish the corresponding
surface rupture evaluation basis to conduct the safety evaluation of the installatdavel

of annial frequency of exceedance should olefined considering the plaevent segences

that could result in high radiation doses or in a large radioactive rélagsdo be practically

eliminateg(seeSSR2/1(Rev. 1)[9], para. 2.1} ( Deleted: .
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8.  PARAMETERS FROM THE VIBRATORY GROUND
MOTION ANALYSIS, FAULT DISPLACEMENT , AND OTHER
ASSOCIATED SEISMIC HAZARDS

GENERAL

8.1 Thissedion providesrecommendationfor establishing thgparametersbtained from
the analysis foevaluatingin general, the hazards generated by earthqukés site of the

nuclearinstallationand which areimedat providing the jnput necessaryor defining the (Deleted: data

respective desigor safety assessmehasis in accordance with the specific requirements | Deleted: evaluation

for each type of installation.

SEISMICVIBRATORY GROUND MOTIONHAZARDS
Parameters andcontrol point

8.2 Regardess of the method applied (i.e. a probabilistic approach or a deterministic
approachor both), the seismicvibratoryground motion hazard at the sitshoud be defined
by means of appropriate parametersuchasspetral represeiations and time histories

8.3 In principle the vibratory ground mation parametershoud be defined at the control
point established by the user requireméses Sedion 10). Usually, the control point is defined

at free feld conditions i.e. at the ground surfae, at key embedmat depths, or at bedrock [Deleted: or

level. In casesvheresurfacesoil layers will be completely removed, the parameters should
be defined at the level of the outcrtmatwill exist after removalCondderation should be

giventotheappropriateinterfacing of the defined reference ground mation and the siteyespons [ Deleted: soil

andysis.

Site responseanalysis

,,,,,,,,,,,, Deleted: 6.19

of the nuclear installation, e.g. at the free field ground surface, at foundationdieaelany Deleted: 6.24

vibratory ground motion parameters at locatiozlevantfor the desigrand safety assessment [Deleted: 6.16

other level. Deleted: 621

Spectral representations

8.5 The seismic vibratory ground motidrazard, calculated ascommendedh Section 6
should be characterized by response spectra in horizontal and vertical componentstdhe
point

Uniform hazard response spectra

8.6 A uniformhazrd reppons sped¢rumis devedoped by séeding the values of therespase
spedral ordinates tha corregpond tothe anmial frequendesof exceaane of interes from the
seismic hazad curves One @ more uniform hazad respnse spedra may be developed from

the resuts of the probabilistic sésmic hazard andysis and ary siubsequett site respnse
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andysesthat have been performed.
Response spectra based aresario earthquakes

8.7 In deterministic seismic hazard assessmaatw/ell as after the eggregation process

in the probabilistic seismic hazard assessmestsnario earthquakes should be used to
realistically represent the frequency content of earthquakes. Scenario earthquakes resulting
from the deaggregation procedsr the resultsof probabilistic seismic hazard assessments
should be associated with annual frequency of exceedance values.

Standardized response spectra

8.8 A standardized respnse spedrum having a smooth shepe is used for engneering desgn
purpose ard to accaint for the contribution of multiple sésmic sources repreented by an
enveéopeincorporaing adeaiate low frequency and high frequency ground mation inputs. The
prescibed shepe of the sandadized respong spedrum is obtained from various respmse
spedra based oneathquake records and engineeing consderations This standadized
regponse spectrum is scded to enwvelop the mean ground moation levels in awide frequency
range

8.9 It is possble to hawe low to moderate magiitude near field eathquakes that hae a
relaively rich high frequency contert and shat duration with a high peak accéerdion. The
use of the peak acceeréion from this type of eathquaketo scde abroad banded standardzed
respnse spedrum could lead to an unredistic shape for the stardardized responsespedra. In
such aca®, it is preferalde to usemultiple respong specta for design purposes to refled
properly the differert types of seismic saurces.

Time histories

8.10 Time histories should saisfadorily reflea al the prescibed ground maotion parameers

as embodied in the respnse spedra or other spectral represetation with the addition of other
parameers sud as duration, phase, and coheence The numter of time histories to be used in

the detailed andyses and the procedure to beusa in generating these time histories will
deperd on the type of andysis to be peformedand should be specified by the useeSection

10) on the basi®of the different types of engineering analyses to be conducted during the

design osafety assessmesiiages.  Deleted: evaluation

8.11 Significant progress has been made in ground maiiomlation based on fault rupture

modellingwith wave propagation paths and sit e efDeletd:,incldingfaul upture simulaton,

function methods). Ground motions obtainiedthis way for regions for which pertinent
parametes are available can be employed to complement the more traditional methgds.
time historyshould be applied carefully, especially when developed for soils that are expected
to respond notlinearly.

8.12 In using response spectra to develop design tinterlgs, it should be ensured that the
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time histories include the appropriate energy content represented by the design ground motions.

This could be done by calculating the corresponding power spectral density functions.

Ground motion duration

8.13 Theduration of the vibratoryground motion is determined by mary fadors, induding the

[Deleted: an earthquake

size of fault rupture (generally charaderized by magritude), crustal paameers along the
propagdion path (geneslly charaderized by distance),andcorditionsbeneith the site such as
the presere of a significantsedimentary pasin A consistent déinition of duration shauld be
usal throughaut the evaluation. Common dé nitions of duration include:

(a) The time interval between the onse of ground mation and the time at which the
accderdion has declined to 5% of its peak value;

(b) The time interval between the 951 (75" for high noise recordsand 5™ percertiles of
theintegral of the mean squae value of the accéeraion;

(c) The time interval for which the aaceleration exceeds 5% of the acceleration due to

gravity, g.

8.14 In determining an appopriate duration for the time histories, due weighting shaild be
given to any emgricd eviderce provided by the regiond databaseFor some sites, relatively
low anplitude mationsfrom distant, large eathquekes might pose aliquefadion hazard When
this cordition applies time histories usel for liquefadion should indude such low amplitude
time historiesover an appropriate duration.

Vertical ground motion

[ Deleted: column

[Formatted: Superscript

8.15 Vertical vibratory ground motions (response spectra and time histories) should be
developed by using the same methods as are used for developing horizontal vibratory ground
motions. However, if vertical attenuation relationships are not available, it may be reasonable

to assime a ratio between vertical and horizontal ground mdtiahisprescribedoy current

bestpractice However, caution should be exercised if using GMPEs defined separately for

each component, see pabal3

Ground motion for base isolatedstructures, buried structures, and fuel pools

8.16 The methodblogy for deriving the design ground mations has been devedoped for
installation structures having convertional foundations. For structures thatutilize base

isolaion systemsfor protedion of the installation againgarthquake generated vibratory

ground motionsadditiond considerations may be neessary, including the careful review of
worldwide experience in relation to approved specific performance and design agemell
as corresponding regulatory requiremer@® mog conern are long predominantperiod
effects that mightcaus excessve residua disgacemetsin the elemerts of the bag isolation
sygdem For plart structures for which a base isolation sysem is envisaged time histories
shoud be examined ard, if necesary, modified to take these long predominanperiod (and
potentially long durationgffeds into accourt. The evaluatiorshould consder surface wave
influences due to thick sediments.

50



8.17 For buried structures suc as ducts and piping, appopriate respong spedra and time
histories should be developed in cooperation with the structural desgner.

8.18 Appropriate vibratory gound motion represeration shodd be deeloped when the
projed plan calls for the consderation of sloshing dfects in pools or ponds.

FAULT DISPLACEMENT

8.19 For existing nuclear installationsfor which a fault disgacemethazardandysis was
performel in accodane with para. 7.13 7.19 the surfacefault disgacement assoated
with eat capable faulthatcan produce surface faultimgthe site areahould be determined
from the values ofsurfacefault disgacenent hazads. These values shoultbrrespond to the

(
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acceptable value of thanrual frequendes of exceedace specifiedin accordance witlthe
safety requremerns establisheih SSR1 [1], andasspeified in the projed plan. The empirical
fault displacementodelshavealarger uncertainty thavibratoryground motiormodek due
to there beindessdataavailableand this should be taken into consideration

EVALUATION OF OTHER HAZARDS ASSOCIATED WITH EARTHQUAKES

8.20 Asidefromtheevaluaton of thegrourd mation and surfa@ faulting haards, theresuts
of asdsmic hazad andysis should be usal in the assessmertf other hazard asciated with
eathquekes that might be sgnificant for the safay of nudea installations Thes hazards
include tsunanis, soil liquefadion, dope ingability, subsdence collapse ofsubsurface
cavities and kardic features and the failure of water retaining structures thaj might be
triggeredeither by ground motion or by suface fauting. A thorough asgssment shoud be

cariied out to determine the level ofsesmic hazad or the supporting models appropriate for

the associated hazard under consideration.

Tsunamis

8.21 For coastal sites, theotential for tsunam$ should be carefully evaluateish the
framework of hydrological hazardgsee SS@8 [4]). Tsunamiscan be generated by

earthquakeghat causetectonic deformation of the seabear submarine landslides. For

tectonicallygeneratedsunamis, the region of investigation may be very laegéending to

several thousands of kilometers in radilifie investigation should concentrate on those
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seismic sources with the potential to generate significant vertical displacement of the seabed,

since it is this motion that is most likely to cause &suis

8.22 For a tsunami hazard associated with near regional submarine landslides, the seismic
hazard appropriate for triggering the landslide should be determined consistently with the

hazard level associated withe nuclear installatian

8.23 Forevaluating tle fault related tsunami hazardhe coastal subsideneed upliftshould

be estimated. A patotsunami study should be conducted within the near region to

understand the history of tsunamis on the coast. These studies may be part of the seismic

hazardstudy or thetsunami hazard studyut, in any casethestudiesshould becoordinated

[
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Liguefaction potential

8.24 Noncohesivesoilsin loosely deposited conditions below the water table are susceptible

to liquefaction if this is the casethe bearing capacitystrength and stiffnesof a soil are | Deleted: the

reduced when subjected to vibratory ground motionBherefore, careful geotechnical [Deleted: decreasesignificantly

investigatiors should be carried oirt the sitearea to assess the liquefaction potérmtigsoils

including noncohesive backfill materials, whichight affect the safety of the systems, | Deleted: that

structuresand components of the nuclear installation.

8.25 For soils susceptible to liquefaction, detailed information on the design soil profile is
neededand it should be obtaineak describedn paras 3.16 and 3.17 oNS-G-3.6 [3]. For
assessing the liquefaction potentisingany of the three methodiescribedn paras3.18
3.250f NS-G-3.6 [3], the specific characteristics of the earthqud&sign basis, or seismic
hazard at the site, should be provided accotdiriherefore, the earthquake magnitude values
for different design conditions should be properly defined using the corresponding information
and data used for the seismic hazardysigl in cas@therempirical approaches are used for
assessing the liquefaction potential (see [afi®of NS-G-3.6[3]). The smeapproactshould

be followed in relation to the appropriate selection of the time histories to define the number
of cyclesof stress and the adequate input motions forlim@ar stress analysis, as needed for
analytical approachgsee paras3.20' 3.250f NS-G-3.6 [3]). In any case, close coordination
should be established with tlgeotechnical engineering team performing ligeefaction
analysis and foundation desidhis recommended to avoid potentially liquefiable sites.

Slope stability

8.26 The stability ofnatural and humahuilt slopes located in the sitgeaand site vicinity
thatcan be affected by the vibratory ground motions should be investigated landslides
couldseriously affect structuresystemsand componentsnportant to safetyThe evaluation

of the stability of slopes should be done using appropriate pararétaesvibratory ground
motions obtained from the seismic hazard analysis at the sitkes&sibedn para 5.5 ofNS-

G-3.6 [3], the peak ground acceleration of the seismic design basis is usually the parameter
used for estimating the inertial loa@dthough in some cases a more refined dynamic analysis
may benecessary

Collapse due to cavities and subsidence phenomena

8.27 The potential for complex subsurface conditions should be investigated
recommendeth paragraphs 2.32.47 ofNS-G-3.6[3]. Such conditions at the site area could
have serious implications for the integrity of the foundatioitemfisimportant to safety of the
nuclear installation. When performing the seismic hazard assessment for a nuclear installation
site, the predictio, detectiopand evaluation should proceed using data and methods adequate
for such purposeds cavitiescan preferentially develop along fault lines, the potential for
co-seismic movement on these should be investigated.
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Failure of water retaining structures (dam break)

8.28 The failure of water retaining structures located upstream of the site area due to a seismic
event should be investigated considering the consequential flooding hdwmigyht affect

the safety of the nuclear installation. Therefore, the earthquake design basis, including the
seismic hazard and the performance and safety criteria, adopted for such structures should be
obtained from the authorities and organizations responsitmesfich structures. This
information should be properly anagd, including the specific characteristics (e.g. water mass
controlled or retained bihe dams)to ensurehe safety of the nuclear installation at the site or

to implement adequate site reldtanitigation measures.

8.29 Consideration should be given to the polesixistence ofseveral dams in the upper
streamregion, for whichdomino effectscould occur Hydrodynamic impactshould be
consideredased orntheinundation levehs well as theelocity of the water flowA landslide
might producemud flows, floathg debris, and temporary debdams andhe potentialfor
thesedars tobreakis highly uncertain.

8.30 If all the seismogenic sources thatght affect the water retaining structure(s) to be
considered are within the region of investigation for the seismic hazard analysis of the nuclear
installation, then the samseismic source characterizatiamd ground motionand fault
displacementharacterizéon models should be used in the seismic hazard assessment of these
water retaining structure(s). If this is not the case, seismic sources common to lmotti¢he
installationand the water retaining structure(s) shouldvimeleled, taking into consideration
theattributes used in the seismic hazard analysis afidickear installationln any case, close
coordination should be established with the hydrological engineering team performing the dam
break analysis and protection agaiit@bding.

Volcano related phenomena

8.31 Earthquakes and related hazards are phenomena associated with volcanijcasvents
indicated in Table 1 ofAEA Safety Standards Series No. S8 Volcanic Hazards in Site

Evaluation for Nuclear Installatisn[13]. Earthquakes generated by volcanic activity are | Deleted: 1

typically smaller than tectonic earthquakes. In the case that a (seismogenic) capable fault is
identified in the vicinity of an active volcano, both seismic and volcanic hazard should be taken
into consideratin, since earthquakesnight occur on the capable fault preceding,
accompanying, or following the volcanic eruption as a restfterhutual influence of tectonic
movement and magma intrusion. Also, the identification of aligned volcanic iveatselt

defined local areanightindicate the presence atectonicfault, or possibly acapable fault
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9. EVALUATION OF SEISMIC HAZARDS FOR NUCLEAR
INSTALLATIONS OTHER THAN NUCLEAR POWER PLANTS

GENERAL

9.1 In consideration of the use die graded approactiescribedn para.1.9, this section  Deleted: 18

provides guidancen seismic hazargissessmerfor a broad range of nuclear installations [Deleted: evaluation

other than nuclear power plants. [Deleted: (see para. 8)

9.2 Theevaluaton ofthe sésmic hazadsat nuclear installationother than nuclear power
plantsshould becommensurate witthe complexityof such installationswith the potential
radiological hazards, angith hazards due tothermaterials preserun thesite

9.3 The recommendethethod for applying thgraced approachs to start with attributes
relating to nuclear power plants and, if possible,commensurately adjust these for
installations with which lesser dalogical consequences are associatethif approach is
not practicablethe recommendations relating to nuclear power plsinésild beapplied to
other types of nuclear installation.

SCREENING PROCESS

9.4 Prior to adopting a graded approaaltonservative screening process should be applied
in which it is assumed that the entire radioactive inventory of the installation is released by
the potential seismically initiated accidelitthe potential result of such a radioactive release
isthatunacceptable consequences waudtbe likelyd for workers or the public (i.eloses

to workersandthe public would be below the dose limits established by the regulatory body)
or for the environmerd and provided that no other specific requiremergsmposed by the
regulatory body for such an installation, the installation magiXotudedrom therequirement

to undertake a fulbeismichazardassessmentf, even after such screening, sodegreeof ( Deleted: evaluation

seismichazardassessmeris considered necessarpational seismic codes for hazardous | Deleted: evaluation

and/or industrial facilities should be used.

9.5 The conservative screening process in paréshould be conducted consideritig  Deleted: 9.4

likelihood that a sdsmic evert will resultin an event withradological conggquences. This
likelihood will highly depend on thdollowing factors related to the efecteristics of the
nudea indallation (e.g its purpose layout, desgn, condruction, and operation):

(a) The amount, type, and status of the radoactive inventory at the site (e.g. wheher
solid, liquid, andor gaseousand whether the radioactive material is bgingcessd or
only stored).

(b) The intrindc hazrd assocated with the physicd processe (eg. nudear clan
readions) ard chenicd processs (e g. for fuel processng purposesyhat take place at
theingallation.

(c) Thethermd power of the nuclear instal ation, if apdicale.
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(d) The configuration of the ingallation for different kindsof adivity.

(e) The distribution of radoective sources in the ingalation (e.g. for researh reectors,
mod of the radioadive invertory will be in the reac¢or core ard the fuel storage pool,
wherea for fuel processng and storage fadlities it might be distributed throughout
theinstall ation).

(f) The chandng naure of the corfiguration arnd layou of ingallations deryned for
expaimerts (su1ch adivities hawe an assocated intrindc unpredctahility).

(g) The need br acive safety gstemsand/or opeator acions for the prevertion of
acddents and for mitigation of the consquerces of acddents, and thecharacteristics
of engineerel safey feaures for the prevertion of acdderts and for mitigation of the
consegiences of acddents (eg. the containment ad cortainment systems.

(h) The characteristics of the structures of the nuclear installations and the means of

confinement of radioactive material

(i) The charaderistics of the processe or of the engineeiing feaures that mght shov
acliff edge effectin the evert of an acddent.

() Thecharatersticsof the sitethat are relevant to the conseaiences of the disperson of
radoadive maeiia to the aimosghere and the hydrophere(e.g size, demayraphics
of theregon).

(k) The potential for on-site and off-site contamination.

9.6 Depeding on the criteria applied bythe regulatory body, sone or al the factorsin
para. 9.5 shoud be conddered when applying the conservative screening procdss
exampe, fud damaye, radiocadive releasesor doses may be the conditions or metrics that
warrant speciatonsideration

9.7 If the resuts of the conservative saeening proces shaw that the potential congequences
of such releags would be unacceptablea sasmic hazard assessmerf the ingallation should

9
[ Deleted:

[ Deleted: 9.5

[ Deleted: evduaion

be carried out, startingby applyingtherecommendations relevantoiclear power plast

9.8 Theapplication of thgraded approackhoud be basd on the following informaion:

(a) The existing safety andysis repat for the install ation, which should be the primary
saurce of information.

(b) Theresults of a probahilistic safety assessn#, if one has been performed

(c) Thecharaderisticsspedfiedin para. 9.5above

CATEGORIZATION PROCESS

9.9 If the conservative screening procésdicates that aeismic hazargissessmerdf the
installationis to be carried oufsee para9.7), a process for categorizingstallatiors should
be undertakento apply the graded approachhis categorizationmay be performed at the
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design stage or later. If tlhategorizatiomas been performed, the assumptions on which it was
based should be reviewed and verified. In general, the criteria for categorization should be
based on the radiological consequencesadioactivereleasesgrom the installation, ranging

from very low to potentially severeonsequenceds an alternative, the categorization may
consider theradiological consequences within the installation itselfe tadiological
consequences within the site of the installatiand theradiological consequences for the
public and the environment outside the site.

9.10 Three or more categories may be defined based on national practice and ariteda,

the informatiordescribedn para9.8 As an example, the following categories may be defined: | Deleted: 9.8

(a) The loweg hazard caegay includes those nudea ingallations for which nationd
building codes for conventional facilities (e.g essetia facilities suc ashogitals) or
for hazadousfadlities (e.g petrochemcd or chenical dants) shoud be appliedas a
minimum

(b) The highes hazad category includes ingallations for which standards and codes for
nuclear powe plants should be apgied.

(c) There is often at least one intermediate categorgetween (a) and (b) abave
corresponding t@ hazardous installation for which, as a minimum, codes dedicated to
hazardous facilities should be applied.

VIBRATORY GROUND MOTIONAND OTHERSHAZARD ANALYSIS
Vibratory ground motion hazard assessment

9.11 Thevibratory ground motiosasmic hazad assessmérior the installations categorized

asrecommendeth paras9.9and9.10Q should be performel in accordance witthe following:  Deleted: 9.9

(a) For the leas hazaraus ingtallations the sésmic hazad input for the desgn ma be | Deleted: 910

taken from naiond buil ding codes and maps.

(b) For instdlations in the highes hazard category, methodologies for seismic hazard
asssanert as described in Sedions 3i 8 of this Safety Guide (i.e. recommendaions
applicable to nuclear powe plarts) shaild be used.

(c) For indallations categorized in the intermedate hazad category, the following
approachmightbe applicade:

(i) If the sdésmic hazad assessnte is typicdly performeal usng methodssimilar
to thosedescribed in this Safety Guide, a lower seismic input for desgning these
indallatons may be adoged at the desgn stage in acordane with the safety
requremernsfor theingallation;

(ii) If the databa® and the methods recommenred in this Sdety Guide are found to
be disproportionatel}comgex, time consuming, and demandng in terms of the
nuclear ingallation in quesion, simplifi ed methods for sasmic hazad assessent
(that arebasd on amorerestricted dataset) may ke used In suc casesthe saésmic
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input finally adopted for designing theseingallations should be commensueate
with the reduced daabag and the ssimplification of the methods with accourt
being taken of the fact that both factorstend to increaseuncertainties.

9.12 The desgn bass ground mation levels for thesenudea ingallations should be dedded
in the context of the approach to hazard assessment recommended i8.44ra.

9.13 The recommendations relating to seismic instrumentatistalled orthe site (separas
3.5713.56 should beapplied in a manner that is commensurate \lia category of the
installation as defined in par@.1Q

Geological and geotechnicghspectsassociated with seismitiazards

9.14 With regardto the geological and geotechnicalspectsassociated withseismic
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hazardsthe same considerations as for nuclear power plants should spptyer types of -

nuclear installationslf there isreliable evidencehat demonstragsthat fault displacement

bags shouldbe establishetb ensue the safety of the nuclear installatitimouch design,

seismichazards
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10. APPLICATION OF MANAGEMENT SYSTEM

ASPECTS OF PROJECT ORGANIZATION

10.1 Themanagemensgystem to beestablished, appligénd maintainedy the organization

or consultancy firm as required by IAEA Safety Standards Series No. GSR Part 2
Leadership anlanagement for SafefiL4], should be implemented for the activitiegich

are performed fothe seismic hazard assessmeifthe site.

10.2 A project work plan should be establishibdt, as a minimum, addressthe following \\_,
topics \

(a) Theobjectives andcope of theproject
(b) Applicableregulations and standards

(c) Organization of project, roJ@ndyesponsibilitiefor management of theroject

(d) Work breakdownprocesgsandtasks scheduleand milestones

\

(e) Interfacesamong thedifferent types of tasks (e.g. field tasks, laboratory tests,
analysis) and disciplines involved (e.g. earth sciences, engineering) wittasary
inputandoutpug

\

(f) Project etliverablesand eporting

10.3 The project scope should identify all the hazards generated by earthqieese
relevant for the safety of the nuclear installatenmd that will be investigated within the
framework of theproject. This Safety Guide addresgeslividual hazardghat are associated

[
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|| <#>As part of the overalproject

Deleted: <#>Requirement$or management for safety are
established inAEA Safety Standards Series No. GSR Par
Leadership andlanagement for Safeft42]. Further
recommendations on the management system are provid
IAEA Safety Standards Series No. &S3.1, Application of
the Management System for Facilities and ActigifE53].
<#>Criteriafor implementing a formaihanagement system
programme should be established by the study sponser t
applied bythe organization or consultancy firm in charge ¢
conducing the seismic hazard assessment project. The
sponsor shouldlsoidentify the quality assurance standard
to be met. Special provisions should be speciited
document control, analysis control, software, validation ai
verification, procurement and audits, and fwmmformance
controland corrective actions. Work redat documents
should be prepared to cover all the activities for data
collection and data processing, field and laboratory
investigations, analyses and evaluatjamsl forexpert
related processesuch as procedurésr expert§interaction
that are withn the scope of thiSafety Guide{
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Deleted: <#>conducting

Deleted: <#>, aprojectquality manual should be prepared
that,

Deleted: Responsibilities

Deleted: Description
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with earthquakes. Depending on the objectives ofptiogect, someor all of these hazards
may be considered in the scope. If some of the hazardsoasideredo be outof scope
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because it is believed that they are not relevant to the site, a screening process should be

applied to demonstrate and document that this is the case.

10.4 The project work plan should include a description of all requirements that are releval peleted: All regulatory documents and standards that ap

for the project, including applicable reqgulatory requirements in relation to all the hazar
corsidered to be within the project scopieis recommended that this set of requirements
should be reviewed by the regulatory body prior to conducting the seismic hazard analysi

10.5 All approaches and methodologies theflerence lower tieregulation(e.g.regulatory
guidance documents industry codes and standaydshould be clearly identified and
described. Ifprocedures fore x p e interaction are used to better capture epistemic

uncertaintiessophistication and complexitgf these approacheshould be chosen by the

to theproject should be identifiedy the study spons@nd
made availableotthe organization or consultancy firm
conducting theroject prior to the start afork, including
any additional requirements and/or specific criteria impos
on theproject, for examplein relaion to the regultory
requirement®f the supplier country of the nuclear
installation.

study sponsormased on theproject requirements. The details of tlapproaches and
methodologiedo be used should be clearly stated in ph@ect work plan These details

[Deleted: legislation ]
[Deleted: the J
[Deleted: quality manual ]
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should includethe functions of different categories of expeis.g. proponent, resource
expert, technical integrator, review pame¢mbej, and their responsibilitiegith regardto
the project management.

10.6 At least following generic management system process should be applied to ens{
quality of the projectdocument control, control of products, controls for measuring and

Deleted: SPECIFIC ASPECTS OF PROJECT
ORGANIZATIONT

testing equipment, control of records, control of analysis, purchasing (procurement)

]

and review), norconformance control, corrective actions, and preventive agtibbe
Processes covering field investigatioteshoratory testdata collection andanalysis and
evaluation of observed data should be applied. Communication processes for the interact

Deleted: control of documents, control of products, contr
of analysis, validation aneerification of software, control o
records, controls for measuring and testing equipment,

procurement and audits, n@onformance and corrective ar

among the experts who are involving the project should be also applied. (

preventive actions

Deleted: laboratory test,

10.7 The project work plan shoulensure that there sdequate provision, ithe yesource
andin the schedule, for collecting new data that may be important for the conduct of th
seismic hazard assessment and/or for responding to requests by experts, ipcudgign

for balancing potentially conflicting project needs.

10.8 To make the evduation tracedle and transparem to users(e.g. pea reviewers, the
operating organizatigithe regulatory body, the designers, the vendors, ttemtractorsandthe
subcontractorof the operating organizatipnthe doaumertation for the sdsmic hazard
2assessmerghoud provide adesciption of al elementsjncludingthe followinginformation

| Deleted: A project work plan should be prepared prior to,

and as a basi®f, the execution of the seismic hazard
assessment project. iSlwork plan shouldncludea
description of alrequirementshat are relevarfor the
project, including applicable regulatory requirements in
relation to all the hazards considered to be within the proj
scope. It isecommendethat this set of requirements be
reviewed by the regulatory body prior to conducting the
seismic hazard analysiln addition t¢heserequirements, th
projectwork plan should delineate the following specific
elements: personnel and their responsibilities; work
breakdown and project tasks; schedule and milestones; ¢

A\

(a) Descriptionof the study paiticipants and their roles

the agreedieliverables, outputs and reports.
Deleted: budget ]

(b) Badkground material that comprises the andysis documertation, including raw and
processd datg;

(c) A description of theeomputer software used,ard input and output fil es

Deleted: <#>Theresuts of the sasmic hazad andysis
shoud include al outputs indicated in the projectwork plan
The Annex in this Safety Guidédertifies typical resuits to be
repotted in al applications as well as others that may be
neededy the study sponsa. The repoting of the seésmic
hazad arelysis shauld be spedfied in suficiert detail in the
projectwork plan. |

(d) Reference doaumerts,

Deleted: <#>andysis

(e) All documents supporting the treatment of uncertainties, expert opimainrelated
discussions

Deleted: <#>of the seismic hazard andysis processand
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() Results of intermediate cd culations and sensitivity studies,
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10.9 This materia should be maintained in an accesile, usale, and audtabe form by the
study sponsr, Doaumertation or referencesthat arerealily aval ade elsewhee shauld be cited
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10.10 The documantation shauld identify al source of information used in the sdésmic
hazad assessmeninduding information on where to find impottant dtations tha might be

Deleted: , for exampleusing a geographédinformation
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10.11 The documertation for the seismic hazard assessmershould idertify the computer (Deleted: aralysis

sdtware tha was used This should indude computerprograns used in the proceséng of data
(eg. the eathquake catalogue) and the computerprograns used to perform cdculations for

the sésmic hazad, ( Deleted: andlysis

10.12 Owingto thevariety of investgationscarried out (in thefield, in thelaboratory, and in
the office) and the need for expert judgemet in the dedsion-making process, échncd
procedures that are spedfic to the projed shaild be deweloped to guide andfadlitate the

execution and verification of thes processes  Deleted: tasks

ENGINEERING USES AND OUTPUT SPECIFICATION

10.13 A sdsmic hazad assessmeri$ usually corducted for the purposes of seismic desgn
andor sasmic probahilistic seety assessnm of the nuclear installatiorT herefore, from the
beginning, thework plan for the sasmic hazard assessmerghould identify the intended
engneering uses and objedives of the assessmenténd should incorporate an output
speificaion tha describes dl the results necessary for the intended engineging uses and
objectives of the study.

10.14 To the extert posshle, the output spedficaion for the sdsmic hazard anbysis
should be compehensve. The output spedfication may be updaed as neessary, to
accommodite addtiond results, andor to reduce the scope of the results. Elemerts that should
be congdered in the output spedficationinclude the following:

0  Ground maion parameers Specified ground motion parameersshauld be sificiert
to producethe necessaryeslts ard any addtiona outputs neededor engineeing
u<e (see the Annexfor typicd outputs of aprobahilistic sesmic hazad analysis for
assessing the vibratory ground motion paramgters

0 Vibration frequendes In addtion to specific client requiremerts, the range ard
densty of speified vibration frequendes for the uniform hazard responsespectra
shaild be suficiert to adequdely represent the inpu for all sdety relevant
structuressystems, and comporents.

0  Damping.Specified damping values should be sufficient to adequately represent
input for, andhe effects ontheresponses of all safety relevant structures, systems
and components.

0 Ground motion component$he output of both vertical and horizontal motions
should be specified.

0 The referene subsuface rock site cordition. For sudies where Be respase
analysisis performed the output specifi cation should include adefi nition of therock

conditions on thesite (usudly jo a deph significartly greaer than 30 metres | Deleted: for

corresporling to a spedfied value of the shear wave velocity congstert with firm
rock). The analysigesuts prior to siteresponse analysshould corregpond to this
reference condition.
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6  Control paint(s). The output specificaion should specify the control points (e.g
depths at the site) for which nea surface vibratory ground motiomazad resuts are
obtained. Usudly, the control pointsinclude the ground surfae and key embedment
depths (e.g. fourdation levels) for structures and components. The spedfi ed cantrol
points shoudd be suffi cient to develop adeaiate input(s) for sali structureinteraction
andyses.

10.15 In ary sésmic hazard assessmenthereis aneed to consder alower bound magitude
owing to constraints in the seisnological databaseTherefore, in addtion to the spedfi caion
of outputs for articipated engineaing uses, the pojed plan shoud spedfy the following
additional parameers relating to engneering validity andor the utility of the seasmic hazad
andysis:

6 Lower bound motion filterUse of a lower bound motion is needed to develop a
practical computation for seismic hazard analyaisd the lower bound motion
should be selected to include all potentially damaging and risk significant events.
The lower bound motion filter should be selected in consultation with the seismic
designer and/or the fragility analyst for the seismic probabilsstfety assessment,
who should agree that the filter is getcapture all potentially damaging or risk
significant events.

8  Lower bound magnitudén addition to previous recommendations, a selected lower
bound magnitude should not excedd = 5.0.

0 As an dternative to the use of a magnitude measure sugwashe lower bound Formatted: Font: Italic

cumulative absolute velocity, in conjunction with a specific value ofgheameter Deleted: arameter

motion filter may be specified in terms of amlicator ofdamage ptential such as [ Deleted: established
|

for which it can be clearly demonstrated that no contribution to damage or risk wil
occur.

INDEPENDENT PEER REVIEW

10.16 In view of the comgdexty of the seismic hazard assessment, an independent peer
review procedure should oposedand implementea@s par of the project work plan and

be conductedo provide assurance thafl) a proper process has been duly followed in
conducting the seismic hazard analysis, (ii) the analysis has addressed and evaluated the
involved uncertaintiegboth, epistemic and aleatoryand (iii) that the documentation is
complete and traceable.

10.17 Two methods of peer revigahouldbe used: participatory peer revigand late stage | Deleted: can

peer review. A participatory peer review is carried out during the study, allowing the
reviewer(s) to resolve comments as the seismic hazard analysis proceeds and as technical
issues arise. A late stage and follay peer review is carrienlit towards the end of the study.
Participatory peer review will decrease the likelihood of the study being rejected at a late
stage.
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10.18 An independenpeer reviewprocedureshould beconductedo address all parts of the
seismic hazardssessmenincluding thecompilation ancevaluation of the available data, the
process for the seismic hazard analysis, all technical elements (e.g. seismic source
characterization, ground moticgvaluation, the method of seismic hazard analysis, and
quantification and documentatioffhe procedure should be based on the participation of duly
qualified multidisciplinaryteam ofexperts and the principle of integration of their different
professional judgement$he procedure should include the conduct of techniesdtings or
workshops for discussing the reliability and quality of available data, the safety significance

of hazards issueandthe alternative interpretationss avell agfor providing feedback to the | Deleted: nd

project team. The number and timing for these workshops will be established in the proposed
work plan in accordance with timecessarievel of effort andheavailableresources and they
should be duly documented and repdrte

10.19 The independentpeer reviewteam membershould include the multidisciplinary
expertise to address all technical and process related aspects of the amakyspeer
reviewer(s) should not have been involved in other aspects of the seismic hazgsis anal

should not have a vested interest in the outcome. The level and type of peer review can vary,
depending on the application of the seismic hazard analysis.

10.20 In dealing with seismic source characterization issues, it may be possible for project
experts to recognize and represent the centre, the dondyhe range of technically defensible
interpretations through interactions with experts not directly involved with the project
(dnvited expert§ who participate to provide their specific interaton and professional
judgementon the subject or issue under discussibiis recommended that invited experts
provide their inputo theindependenpeer reviewteam, although they will not be responsible

for this part of the procesShis approachis most suitabldor topics that pertain to regional
modelling issueswhile it should be recognized that for near region and the site vicinity scales,
invited expertsmight not adequately provide diversity because they do not possess project
specific datalt is the diversity of the expertise within the project that will make it possible to
address theppropriate representationepistemicuncertainties
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ANNEX-TYPICAL OUTPUT OF PROBABILISTIC
SEISMIC HAZARD ANALYSES

TABLE AT1. TYPICAL OUTPUT OFPROBABILISTIC SEISMIC
HAZARD ANALYSES

Output

Description

Format

Mean hazard

curves

Fractile

hazard curves

Uniform
hazard
response

spectra

Mean annual frequency of
exceedance for each ground
motion level of interest
associated with the suite of
epistemic hazard curves
generated in the probabilistic

seismichazard analysis.

Fractileannual frequency of
exceedance for each ground
motion level of interest
associated with the suite of
epistemic hazard curves
generated in the probabilistic

seismic hazard analysis.

Response spectra whose
ordinates have an equal
probabilty of being exceeded, a
derived from seismic hazard

curves.

Mean hazard curves should be
reported for each ground motior
parameter of interest in tabular

well as graphic format.

Fractile hazard curves should be
reported for each ground motior
parameteof interest in tabular as
well as graphic format. Unless
otherwise specified in the work
plan, fractile levels of 0.05, 0.16
0.50, 0.84and 0.95 should be

reported.

Mean and fractile uniform hazar
response spectra should be
reported in tabular as well as
graphic format. Unless otherwis:
specified in the work plan, the

uniform hazard response spectr




Magnitudé
distance

deaggregatior

Mean and
modal
magnitude

and distance

A magnitudédistance (MD)
deaggregatioguantifies the
relative contribution to the total
mean hazard of earthquakes th.
occur in specified magnitude
distance ranges (i.e. bins)d at

a specified frequency of

exceedance.

The Mi D deaggregation results
provide the relative contribution
to the site hazard of earthquake
of different sizes and at differen
distances. From these
distributions, the mean aru/
modal magnitudes and the mea
and/or modal distances of
earthquakes that contribute to tl

hazard can be determined.

shouldbe reported for annual
frequencies of exceedancesof).
102, 103,104, 105, and 10°
and for fractile levels of 0.05,
0.16, 0.50, 0.84and 0.95.

The Mi D deaggregation should
be presented for ground motion
levels coresponding to selected
annual frequencies of exceedan
for each ground motion
parameter considered in the
probabilistic seismic hazard
should be performed for the
mean hazard and for the annual
frequencies of exceedance to b¢

used in the evaluation or design

The mean and modal magnitude
and distances should be reporte
for each ground motion
parameter and level for which th
Mi D deaggregatehazard results
are given. Unless otherwise
specified in the work plan, these
results should be reported for
response spectral frequencies o

e.0.1, 2.5, 510 Hz and peak
ground acceleration

Deleted:

Deleted: .

Deleted: and



Seismic
source

deaggregatior

Aggregated
hazard curves

The seismic hazard at a site is
combination of the hazard from
individual seismic sources
modelled in the probabilistic
seismic hazard analysis. A
deaggregation on the basis of
seismic sources provides an
insight into the possible locatior
and type of fture earthquake

occurrences.

In a probabilistic seismic hazarc
analysis, often thousands to
millions of hazard curves are
generated to account for
epistemic uncertainty. For use i
certain applictons (e.g. a
seismic probabilistic safety
assessment), a smaller, more
manageable set of curves is
required. Aggregation methods
are used to combine like curves
that preserve the diversity in
shape of the original curves as
well as the essential propegief
the original set (e.g. the mean

hazard).

The seismic source
deaggregation should be reporte
for ground motion levels
corresponding to each ground
motion parameter considered in
the probabilistic seismic hazard
analysis. The deaggregation
should be performed for the
mean hazard and presented as

series of seismic hazard curves.

A group of aggregated discrete
hazard curves, each with an
assigned probability weight,
should be reported in tabular as

well as graphic format.

Earthquake
time histories

For the purposes of engineering
analyss, time histories may be

required that are consistent witt

The format for presenting

earthquake time histories will




the results of the probabilistic  generally be defined in the work
seismic hazard analysis. The  plan.

criteria for selecting and/or

generating a time history may b

specified in the work plan.

Example criteria include the

selection ofitne histories that

are consistent with the mean ar

modal magnitudes and distance

for a specified ground motion oi

annual frequency of exceedanc




DEFINITIONS

The following definitions are specific to this publication and are either not

provided in, or are different from, those provided in the IAEA Safety

Glossary: Terminology Used in Nuclear Safety and Radiation Protection

(2018 Edition), IAEA, Vienna (2019):

https://www.iaea.org/publications/11098/iasafetyglossary2018-edition

control point. The location where the seismic hazard is defifoed @
the purposes of safety evaluation of a nudiestallation Often -

v

this is taken aa rock outcrop local to the nuclear installatitin I
canalsobe defined at a  @rdundsudacef 1 e
at the location of the installation, but without any allowance for ||
the modifyingeffectsof the installation on the seismizound | ||
motion.A further possibility is talefineitata fic o mpet e/n
layer under the nucleanstallationthat is at sufficient depth so | ||
that the effects of se#tructure interaction are negligibland

the motion is entirely defined by the seismic haztself.

craton.A par t o $crustithat has attainstaldlity and has

been little deformed for a prolonged peridtie term is used to | ;‘
distinguish the stable portion of the continental crust from
regions that are more geologically active and unstélsktons
are generally found in the interiors tefctonic plates. They are |
characteristically composed of ancient crystalline basement
rock, which may be covered by younger sedimentary rock.

isoseismalA | i ne connecting points

\4

earthquake intensity is the same. It isalsua closed curve |

around the epicentre. A contour or line on a map connecting
point s, on the Earthés sur/fa
specific_earthquake. It is usually a closed curve around the

epicentre.

neotectonics.The study of the motions and deformations of Eart'hr'sﬂ
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epistemic uncerta
inconplete knowle
the ahility to mode
ararge of viable im
and statistical corfi
)l

fault (geological).

surfa@ or zone of
relative dispaceme
)l

freefield ground |
given point on the

vibratory charader
facilitiesy

1

frequency of exae
spedfied levd of s
orin aregon withi
probailistic seésm
one- year timeinte
When the frequenc
unity (in the presc
the probabhlity of t
isassumd to be P
1

1

hypocentre. The p
eathquéeis initie
1

interplate. Of ted«
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https://www.iaea.org/publications/11098/iaea-safety-glossary-2018-edition

crust (geologicaland geomorphological processes) that are
current or recent in geologic time.

Deleted:
v . . : - — palaeoseismicity.
potential maximum magnitude. Referene value useal in sdsmic historica eathqual
hazard amlysis charagerizing the patertial of a sésmic soure or secondary effedt
] - . liquefaction, tsuna
to generde eathquakes The way in which it is cdculated q

depends on the type of sasmic source considered and the peak ground acce

- .. - of ground accéera
apprach to be used in the seésmic hazard amlysis. greded grourd ac

site.

sasmic quality factor Q. A dimensionless factor, which guantifies Deleted: 1
the effects of absorption (anelastic attenuation) of a seismic resgmsespei:rt]gn
wave caused by fluid movement and grain boundary fricon., | i easation

can be measured experimentally by various technigues, and iy single-degeeof-fr

e - e dampng ratio) ase
often characteristic of a particular rock tyge.is inversely period of vibration

proportional to the attenuation coefficient. ——
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seismic sourcemodd. The model that defines the characterization Formatted: Right:
of seismic souces in the regon around a site of interest Formatted: Font: I
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spectral acceleration.Peak acceleration response of a linear-one @
degree of freedom oscillator as a function of its natural period [_Deleted: 1
or frequency and damping ratio when subjected to an | Formatted: Font:N

acceleration time history Formatted: Font: N
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uniform hazard response spectrumA plot of a ground response
parameter (for example, spectral acceleration or spectral
velocity) that has an equal likelihood of exceedance at different
frequencies of the one degree of freedom oscillator. Deleted: {
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