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EXECUTIVE SUMMARY 

 

The report provides guidance on how to derive quantitative values for seismotectonic hazards (vibratory ground 

motion and fault capability) for the implementation and use in level 1&2 PSA. The objective is t o review existing 

guidance, identify good practices and challenges in hazard assessment, and provide links to relevant regulatory, 

technical, and scientific literature. References to recent advances of science and technology are included in all 

chapters. In addition, n ovel guidance is proposed for (1) the treatment of some key issues which have large i m-

pacts on the hazard results, and (2) the identification and assessment of hazard combinations (cor related and 

coincident hazards) .  

 

(1) Guidance on seismic hazard assessment focuses on: 

 

o a detailed description of the data required as inputs for seismic hazard assessment including site -specific 

information from geosciences and methods for estimating data quality and completeness ;  the report  par-

ticularly identi f ies the need to critically review earthquake data and to develop reliable data to chara c-

terize faults in the surrounding of NPPs ; these needs derive from fact that most parts of Europe are i ntra -

plate areas with slow to very slow faults, which typically p roduce earthquakes at recurrence intervals of 

thousands to ten thousands of years while earthquake catalogues only span few hundred years ;  

o guidance and in-depth discussion is further provided on how to obtain the key input parameters such as 

seismic sources, ground motion prediction equations, maximum magni tude, and lower bound magnitude ;  

o the report finally provide s references to guidance on commonly applied hazard assessment methodologies 

(Probabilistic and Deterministic Seismic Hazard Assessment, Probabilistic Fault Displacement Anal ysis) and 

discussions of the associated uncertainties and methodological limits ;  the most important limitation to 

probabilistic hazard assessments is seen in the fact that traditional PSHA heavily relies on the extrapol a-

tion of short records of earthquake data  to the very low occurrence probabilities required as input p a-

rameters for PSA (10-4 to 10-7 per year).  

 

(2) Novel guidance on hazards combinations considers both, correlated and coincident hazards. The report pr o-

vides guidance on the screening of correlated natural and man -made hazards, the assessment of the most i m-

portant corr elated hazards, and the assessment of coincident (contemporaneous) hazards.  
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GLOSSARY 

 

AEP Annual Exceedance Probability 

AHEAD  European Archive of Historical Earthquake Data 

ARP Alarm Response Procedure 

CCF Common Cause Failure 

CDF Core Damage Frequency 

CTM Centroid-Moment-Tensor (Earthquake) 

DBE Design Basis Earthquake 

DEC Design Extension Conditions 

DEC-A DEC without fuel damage  

DEC-B DEC with postulated fuel damage  

DEM Digital Elevation Model  

DG Diesel Generator 

DPD Discrete Probability Distributions  

DSG Design Safety Guide 

DSHA Deterministic Seismic Hazard Assessment 

EMSC European-Mediterranean Seismological Centre  

ENSREG European Nuclear Safety Regulators Group 

EOP Emergency Operating Procedure 

EPRI Electric Power Research Institute  

EPRI Electric Power Research Institute (U.S.)  

EPZ Emergency Planning Zones 

ETL Event Tree Linking 

FDF Fuel Damage Frequency 

FDSN International Feder ation of Digital Seismograph Networks  

FTL Fault Tree Linking  

GIS Geographical Information System 

GMPE Ground Motion Prediction Equation  

GPR  Ground Penetrating Radar 

GPS Global Positioning System 

GR Gutenberg-Richter-Relation (Earthquake) 

HCLPF High Confidence of Low Probability of Failure  

HEP Human Error Probability  

HFE Human Failure Events 

HRA Human Reliability Analysis 

IAEA International Atomic Energy Agency  

IEMS-98 Earthquake intensity measured by the European Macroseismic Scale 1998 

IESI-2007 Earthquake intensity measured by the Environmental Intensity Scale ESI -2007 

IPEEE Individual Plant Examination of External Events  

ISRS In Structure Response Spectra 

ITC Informed Technical Community 
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KTA Kerntechnischer Ausschuss (Germany) 

LBM Lower Bound Magnitude (=m0) 

LERF Large Early Release Frequency 

LIDAR Light Detection And Ranging (producing DEM data) 

LOCA Loss of Coolant Accidents 

LOOP Loss of Off-Site Power 

MCS Monte Carlo Simulation 

Mmax Maximum Magnitude 

Mw Moment Magnitude (Earthquake) 

NDC NPH Design Category 

NPH Natural Phenomena Hazards 

NPP Nuclear Power Plant 

NPP Nuclear Power Plant 

NR Near-region (25 km radius from NPP site) 

NRC (US) Nuclear Regulatory Commission 

NSC Nuclear Safety Commission, Japan 

NUREG NUREG-Series Publications (U.S.NRC) 

OBE Operational Base Earthquake 

OECD Organisation for Economic Co-operation and Development  

OECD/NEA Nuclear Energy Agency of OECD 

PDF Probability Density Functions  

PFDHA Probabilistic Fault Displacement Hazard Analysis  

PFDHA  Probabilistic Fault Displacement Hazard Analysis 

PGA Peak Ground Acceleration 

PGAH Peak Ground Acceleration in horizontal direction  

PGAV Peak Ground Acceleration in vertical direction  

POS Plant Operational State  

PSA Probabilistic Safety Assessment 

PSF Performance Shaping Factor 

PSHA Probabilistic Seismic Hazard Analysis 

PSR Periodic Safety Review 

PTDHA  Probabilistic  Tectonic Deformation Hazard Analysis 

PTDHA  Probabilistic  Tectonic Deformation Hazard Analysis 

RE Region (50 km radius from NPP site)  

RHWG Reactor Harmonization Working Group 

RS Remote Sensing (satellite imagery) 

SAM Severe Accident Management 

SAR Safety Analysis Report 

SBO Station Black Out 

SFP Spent fuel Pool 

SHA Seismic Hazard Analysis 

SHARE Seismic Hazard Harmonization in Europe 

SI NPP site (area under control  of the licensee) 
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SMA Seismic Margin Assessment 

SPSA Seismic Probabilistic Safety Assessment 

SSC Structure System and Component 

SSHAC Senior Seismic Hazard Analysis Committee  

SV Site vicinity (5 km radius from NPP site) 

TC Technical (or Scientific) Community  

TCEF  Temporal Course of Earthquake Frequency 

TFI Technical Facilitator / Integrator (SSHAC)  

TI Technical Integrator (SSHAC) 

UHRS Uniform Hazard Response Spectrum 

U.S.NRC U.S. Nuclear Regulatory Commission 

USGS U.S. Geological Survey 

VS30  Average shear wave velocity between 0 to  30 m depth of soil/rock  

WENRA Western European Regulator's Association 

WSM World Stress Map  
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DEFINITIONS 

 
 
Accident Sequence 
Analysis 

The process to determine the combi nations of initiating events, safety functions, and 
system failures and successes that may lead to core damage or large early release.  

Aleator y Uncertainty  
Uncertainty inherent in a random (stochastic) phenomenon reflected by modelling the 
phenomenon by a probabilistic approach. Aleatory uncertainty cannot be reduced by 
additional information or data.  

Bounding Analysis  
Analysis that uses assumptions such that assessed outcome will meet or exceed the 
maximum severity of all credible outcomes.  

Cliff Edge  Effect  

In a nuclear power plant, an instance of severely abno rmal plant behavior caused by 
an abrupt transition from one plant status to another following a small deviation in a 
plant parameter, and thus a sudden large variation in plant conditions in res ponse to 
a small variation in an input.  

Dangerous Occurrence,  
Incident  

A dangerous occurrence is an unplanned and undesired occurrence (incident) which 
has the potential to cause injury and which may or may not cause damage to prope r-
ty, equipment or the e nvironment.  

Design Basis 

The range of conditions and events taken explicitly into account in the design of a 
facility , according to esta blished criteria, such that the facility can withstand them 
without excee ding authorized limits by the planned operatio n of safety systems.  
Design basis requirements for existing European plants are prescribed by WENRA 
(2014a). Requirements include that that òThe design basis shall be reviewed and 
updated during the lifetime of the plantó.  

Design Basis External 
Events 

The external event(s) or combination(s) of external events considered in the design 
basis of all or any part of a facility . According to WENRA (2014a, Issue T5.1) òA com-
mon target value of frequency, not higher than 10 ð4 per annum, shall be used for 
each design basis event.ó 

Epistemic u ncertainty  

Uncertainty that is attributed to incomplete knowledge about a process or phenom e-
non which effects the ability to model it. Epistemic uncertainty is due to a variety of 
variable models to describe a phenomenon, dive rging expert opinion, etc. It may be 
reduced by the acquisition of additional information and data.  

Event Tree Anal ysis 

An inductive technique that starts by hypothesizing the occurrence of basic initiating 
events and proceeds through their logical propa gation to system failure events . 

¶ The event tree is the diagrammatic illustration of alternative outcomes of spec i-
fied initiating events . 

¶ Fault tree analysis considers similar chains of events, but starts at the other end 
(i.e. with the ôresultsõ rather than the ôcausesõ). The completed event trees and 
fault trees for a given set of events would be similar to one another.  

External Event  

An event originated outside a nuclear power plant that directly or indirectly causes an 
initiating event and may cause saf ety system failures or operator errors that may lead 
to core damage or large early release. Events such as earthquakes, tornadoes, and 
floods from sources outside the plant and fires from sources inside or outside the 
plant are considered external events. By historical convention, LOOP not caused by 
another exte rnal event is considered to be an internal event.  
According to NUREG 2122, the term external event is no longer used and has been 
replaced by the term external hazard.  

Fault Tree Anal ysis 

A deductive technique that starts by hypothesizing and defining failure events and 
systematically deduces the events or combinations of events that caused the failure 
events to occur.  

¶ The fault tree is the diagrammatic illustration of the events.  

¶ Event tree analysis  considers similar chains of events, but starts at the other end 
(i.e. with the ôcausesõ rather than the ôresultsõ). The completed event trees and 
fault trees for a given set of events would be similar to one another.  

External Hazard 
Analysis 

The objectiv e is to evaluate the frequency of occurrence of different severities or 
inte nsities of external events or natural phenomena (e.g., external floods or high 
winds).  

Probabilistic Seismic 
Hazard  Analysis (PSHA) 

PSHA determines the probability of a seismic event that exceeds a certain ground 
motion (defined as horizontal / vertical acceleration and / or spectral  accelerations) 
is determined through a  probabilistic assessment. 

Fragility  The fragility of a structure, system or component (SSC) is the conditiona l probabi l ity 



 Guidance document on practices  

to model and implement EARTHQUAKE hazards in extended PSA (final version) - Volume 1 

  

 

 

Report IRSN/PSN-RES/SAG/  2017-00004 Technical report ASAMPSA_E/ WP21/ D50.15/ 2017-33 vol1   14 / 142 

 

 

 

ASAMPSA_E

of its failure at a given hazard input level. In seismic hazard analysis the input is the 
severity of ground shaking induced by an earthquake.  

Fragility Anal ysis  

Estimation of the likelihood that a given component, system, or structure will  cease 
to fun ction at the occurrence of a dangerous occurrence of a certain severity .  

¶ In a PRA, fragility analysis identifies the components, systems, and structures 
susceptible to the effects of an external hazard and estimates their fragility p a-
rameters.  Those parameters are then used to calculate fragility (conditional 
probability of failure) of the component, system, or structure at a certain inte n-
sity level of the hazard event.  

¶ Fragility analysis considers all failure mechanisms due to the occurrence of an 
external hazard event and calculates fragility parameters for each mechanism. 
This is true whether the fragility analysis is used for an external flood hazard, fire 
hazard, high wind hazard, seismic hazard, or other external hazards. For exa m-
ple, for  seismic events, anchor failure, structural failure, and systems intera c-
tions are some of the failure m echanisms that would be considered.  

Fragility Curve  

A graph that plots the likelihood that a component, system, or structure will fail ve r-
sus the increasing intensity of a hazard event.  

¶ In a PRA, fragility curves generally are used in seismic analyses and provide the 
conditional frequency of failure for structures, systems, or components as a fun c-
tion of an earthquake -intensity parameter, such as peak gro und acceleration.  

¶ Fragility curves also can be used in PRAs examining other hazards, such as high 
winds or external floods.  

Hazard 

In the current context h azard is referred to as a situation that poses a threat to n u-
clear instal lations, life or health of  humans in the installation, or the environment.  

¶ Internal hazards include equipment failures, human failures, flooding and fires 
internal to the plant.  

¶ External hazards include events such as flooding and fires external to the plant, 
torn adoes, earthquakes, and aircraft crashes.ó 

Hazard Analysis  
 

The process to determine an estimate of the expected frequency of exceedance (over 
some specified time inte rval) of various levels of some characteristic measure of the 
intensity of a hazard (e.g., peak ground a cceleration to characterize ground sha king 
from an earthquake). The time period of interest is often taken as 1 year, in which 
case the estimate is called the annual frequency of exceedance . 

Hazard Curve  See seismic hazard curve 

Human Reliability Ana l-
ysis 

A structured  approach used to identify potential  human failure  events and to system-
atically  estimate the  probability of those  events using data, models, or expert  judg-
ment.  

Individual plant exami-
nation  for external 
events (IPEEE) 

While the "individual p lant examination" takes into account events that could cha l-
lenge the design from things that could go awry internally (in the sense that equi p-
ment might fail because components do not work as expected), the "individual plant 
examination for external events " considers challenges such as earthquakes, internal 
fires, and high winds.  

Initiating Event  

An identified event that leads to anticipated operational occurrences or accident 
conditions . 

¶ This term (often shortened to initiator ) is used in relation to event reporting and 
analysis, i.e. when such events have occurred. For the consideration of hypothe t-
ical events considered at the design stage, the term postulated initiating event is 
used. 

Large early release  
The rapid, unmitigated release of air -borne fission products from the containment to 
the environment occurring before the effective implementation of off -site emergency 
response and protective actions such that there is a potential for early health effects.  

Large early release 
fr equency (LERF) 

Expected number of large early releases per unit of time.  

Loss of coolant acc ident 
(LOCA) 

Those postulated accidents that result in a loss of  reactor  coolant  at a rate in excess 
of the capability of the reactor makeup system from breaks in the reactor coolant 
pressure boundary, up to and including a break equivalent in size to the double -ended 
rupture of the largest pipe of the  reactor  coolant  system. 

Loss of Offsite Power 
(LOOP) 

The loss of all power from the electrical grid to the plant.  
In a PSA/PRA, loss of offsite power (LOOP) is referred to as both an initiating event 
and an accident sequence class. As an initiating event, LOOP to the plant can be a 
result of a weather -related fault, a grid -centered fault, or a plant -centered fault. 
During an accident sequence, LOOP can be a random failure. Generally, LOOP is con-
sidered to be a tra nsient initiating event.  
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Postulated Initia t ing 
Event (PIE) 

An event identified during design as capable of leading to anticipated operational 
occurrences or accident conditions .  

¶ The primary causes of postulated initiating events may be credible equi pment 
failures and operator errors (both within and external to the facility ) or human 
induced or natural events.  

Screening 
A process that distinguishes items that should be  included or e xcluded from an anal y-
sis based on defined criteria.  

Screening crit eria  
The values and conditions used to determine whether an item  is a negligible contrib u-
tor to the probability of an accident sequence or its  consequences. 

Seismic Hazard Analysis 
(SHA) 

A process used to assess the hazards of seismic events. Assessments may use deter-
ministic methods, probabilistic methods, or combinations of both.  
Probabilistic assessments determine the probability of occurrence of diffe rent ground 
shaking severities. These probabilities are used as input parameters to the model 
used to assess the potential effects on the plant.  
Deterministic seismic hazard assessment determines the strongest possible ground 
shaking parameters at a site from the largest earthquake that is r egarded possible to 
occur at a certain fault or in a seismic zone.  

Seismic Hazard Curve  
A plot of the exceedance frequency (annual probability of exceedance) versus the 
level of vibratory ground motion denoted by peak ground acceleration, spectral a c-
celeration or other values.  

Sensitivity Anal ysis 

A quantitative examination of how the behavior of a system varies with change, usu-
ally in the values of the governing parameters.  

¶ A common approach is parameter variation, in which the variation of results is 
investigated for changes in the value of one or more input parameters within a 
reasonable range around selected reference or mean values, and perturbation 
analysis, in which the variations of results with respect to changes in the values 
of all the input  

Severe accident  
A type of accident that may challenge safety systems at a level much higher than 
expected.  

Structures, Systems And 
Components (SSCs) 

A general term encompassing all of the elements (items) of a facility or activity which 
contribute to protec tion and safety , except human factors .  

¶ Structures are the passive elements: buil dings, vessels, shielding, etc.  

¶ A system comprises several components, assembled in such a way as to perform 
a specific (active) function.  

¶ A component is a discrete element of  a system. Examples of components are 
wires, transistors, integrated circuits, motors, relays, solenoids, pipes, fittings, 
pumps, tanks and valves. 

Uncertainty  See Aleatory Uncertainty and Epistemic Uncertainty  

Uncertainty Anal ysis 
An analysis to estimat e the uncertainties and error bounds of the quantities i nvolved 
in, and the results from, the solution of a problem.  
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EXISTING GUIDANCE : KEY DOCUMENTS 

 
 

Reference  Remarks 

WENRA-RHWG, 2014a (Reference Levels 

Issue T: Natural Hazards) 

Requirements for hazard assessment, protection, design basis, and 

design extension conditions 

WENRA-RHWG, 2015 (Guidance Document 

Issue T: Natural Hazards Head Document) 
Generic guidance on natural hazards 

WENRA-RHWG, 2016 (Guidance Document 

Issue T: Natural Hazards. Guidance on 

Seismic Events) 

Specific guidance on seismic hazards 

WENRA-RHWG, 2014a (Reference Levels 

Issue F: Design Extension for Existing 

Reactors) 

Requirements for assessment of initiating events exceeding the 

severity of design basis events, protection and  safety goals 

WENRA-RHWG, 2015 (F: Guidance Document 

Issue F: Design Extension of Eexisting 

Reactors) 

Guidance on safety analysis with respect to design extension 

conditions 

WENRA-RHWG, 2013 (Position paper on PSR) Periodic reviews of natural hazards  

KTA, 2011 
Design of Nuclear Power Plants against Seismic Events; Part 1: 

Principles 

IAEA, 2003 (NS-G-1.6) Seismic Design and Qualification for Nuclear Power Plants 

IAEA, 2010 (SSG-9) Hazard assessment: vibratory ground motion, fault capabilty  

IAEA, 2015 (TECDOC 1767) Paleoseismological methods to support seismic hazard assessment  

IAEA, 2009 (NS-G-2.13) Evaluation of seismic safety for extisting nuclear installations  

IAEA, 2004 (NS-G-3.6) Hazard assessment: site conditions, liquefaction  

NUREG/CR-6372 

Senior Seismic Hazard Analysis Committee (SSHAC), 1997. Recom-

mendations for Probabilistic Seismic Hazard Analysis: Guidance on 

Uncertainty and Use of Experts.  

NUREG 2117 
Practical Implementation Guidelines for SSHAC Level 3 and 4 Hazard 

Studies 

WENRA, 2014a (Reference Levels Issue O: 

PSA) 
Requirements for Probabilistic Safety Analyses 

EPRI, 2013 (Seismic Probabilistic Risk 

Assessment)  
Guidelines to seismic probabilistic risk assessments (SPRAs) 

IAEA, 1995 (50-P-7) Superseeded External hazards in PSA 

IAEA, 2011 (A Methodology to Assess the 

Safety Vulnerabilities of Nuclear Power 

Plants against Site Specific Extreme Natural 

Hazards) 

Seismic PSA, Seismic Margin Assessment (SMA) 
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1 INTRODUCTION 

1.1  SCOPE AND OBJECTIVES 

The recent experience of the severe accidents at the Fukushima Dai-ichi NPPs has shown how significant the i m-

pact of a strong earthquake and causally connected hazards (in this case tsunami and seismically triggered local 

landsliding) can be for a nuclear site .  It has particularly shown that, in sp ite of the fact that in the design basis of 

each NPP natural hazards should have been appropriately taken into account and efficient prote ction should be in 

place, hazard assessments for defining the design basis may have underestimated hazards. The occurrence of 

events with severities exceeding the design basis can  therefore not be generally excluded.  

In the aftermath of the Fukushima accidents the ENSREG Stress Tests have addressed these issues for European 

NPPs. The Stress Tests specifically explored  the adequacy of the seismic design bases and whether protection 

against earthquakes is in place which is sufficient to exclude potential severe damage to SSCs important to safety 

in cases of seismic loads that exceed the design basis values. It was further at tempted to quantify these òsafety 

marginsó. Although ENSREG did not explicitly identify the need for updates of hazard assessments and revisions of 

design basis values, ENSREG (2012 a) issued the following European level recommendations for natural hazards  as a 

conclusion of the Stress Tests: 

¶ òThe peer review Board recommends that WENRA é develop guidance on natural hazards assessments, 

including earthquake, flooding and extreme weather conditions, as well as corresponding guidance on 

the assessment of margins beyond the design basis and cliff -edge effects.ó 

¶ òThe peer review Board recommends that ENSREG underline the importance of periodic safety review. In 

particular, ENSREG should highlight the necessity to re-evaluate  natural hazards and relevant plant pr o-

visions as often as appropriate but at least every 10 years.ó (ENSREG, 2012a, p. 2)  

 

With respect to seismic hazard s, ENSREG further stressed the following (ENSREG, 2012 b):  

¶ òWith regard to hazards, particularly seismic, it would appear that techniques and available data are 

still developing. It is recommended that regulators should consider co -operation with other agencies in 

order to develop a consistent approach across Europe, taking account of updates in methodology, new 

findings and any relevant info rmation from continuous research on active and capable faults in the  vicin-

ity of NPPs.ó (p. 20) 

¶ òPSRs including re-assessment of the seismic hazard were found to be particularly strong safety features 

since such repeated periodic updates make it possible t o take advantage of advances in science and tech-

nology.ó (p. 17) 

 

WENRA has consequently published Safety Reference Levels defining the requirements for natural hazard asses s-

ments and protection against natural hazards (WENRA, 2014a, Reference Levels, Issue T) and corresponding Guid-

ance Documents for assessing natural hazards in general (WENRA, 2015),  and seismic hazards in particular (WENRA, 

2016). One of the main advances in the requirements published by WENRA (2014a) is that the design bases for 

protecti ng existing plants against external hazards shall be reviewed as often as necessary ( the design basis may 
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consequently change during the lifetime of a plant; WENRA. 2014a, p. 19  etc. ; WENRA, 2015). This review process 

involves regular reviews and re -assessments of external hazards, e.g., during Periodic Safety Reviews (WENRA, 

2013).  

The requirements and expectations that are expressed in the cited WENRA documents are formulated in concise 

forms which refrain from detailed technical guidance and from detail ed explanations of how to achieve the expec-

tations. Such guidance is also not fully covered by documents on seismic hazard assessment published by IAEA, 

U.S.NRC, and other organisations (see table òExisting guidance : key documentsó, page 16).  The ASAMPSA_E con-

sortium therefore decided to develop specific guidance on seismic hazards taking into account existing documents 

but identifying and closing ògapsó in the available literature  and identifying nee ds to supplement or update exist-

ing guidance to meet the current state of the science.  

Developing guidance on seismic hazard assessment in ASAMPSA_E should further address the needs of òEnd Usersó 

expressed during the ASAMPSA_E End-User Workshop held in Uppsala, 2014 (Guigueno et al. , 2014).  Accordingly, 

ASAMPSA_E should: 

 

¶ address earthquake as one of the most important external hazards (Recommendation No.31), 

¶ provide practices and methods to model c ombinations/correlations/dependencies of hazards  (No. 7), 

¶ provide guidance on how to assess coincident hazards in cases of long-lasting accidents (No. 8 ), 

¶ develop a glossary, common for all PSAs (No. 16), 

¶ present and compare existing methods for external hazards modelling including uncertainties ( No. 27), 

¶ examine how experts judgement shall be used for external hazards characterisation and how uncertainties 

can be considered (No. 28), 

¶ PSHA assesses hazards for very low occurrence probabilities by extrapolat ing earthquake observations 

covering only few 100 years of  records. Guidance should be provided on how to assess earthquake cata-

logue completeness and reliability, on how to assess the max imum possible earthquake (Mmax), identify, 

analyse and assess (potentially) active faults relevant to the safety of the site ( No. 32), 

¶ a fact: in a region with low seismicity like Sweden, an earthquake M 8 is òpossibleó (and observed in paleo 

history) with a return period 1 million years examine how can such information be presented in a PSA 

(33), 

¶ insist on the need to update per iodically the design -basis hazards curve (No. 34). 

 

The current document consequently focuses on providing guidance for seismic hazard assessments for extended 

PSA particularly considering the listed end -user requests. Development of a seismic PSA or extended PSA including 

seismic should be able to verify or demonstrate that that the protection against seismic design basis events is 

sufficient. It should further be able to demonstrate a minimum of protection against events with severities e x-

ceeding the design basis values leading to design extension conditions (DEC). For DEC events without fuel damage 

(DEC-A), it should be demonstrated that protection is sufficient to ensure the fundamental safety functions . For 

                                                      

 
1
 Numbers refer to End User Recommendations listed in Guigeno et al., 2014, p. 20 ð 28. 
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design extension conditions with postulated fu el damage (DEC-B), it should be demonstrated that the plant is able 

to fulfil confinement of the radioactive material (WENRA, 2014 a, Issue F). 

The current document provides guidance on the assessment of seismotectonic hazards listed in Table 1 with prior i-

ty given to the evaluation of vibratory groun d motion.  

 

 

Code Hazard Dur.  P&P Hazard definition and hazard impact  

N1 Vibratory ground motion (inclu d-
ing long period ground motion)  

s-m U/R The hazard is defined by th e contemporaneous impact of 
vibratory ground motion on all civil structures and SSCs of 
the plant and its surrounding.  

N2 Vibratory ground motion induced 
or triggered by human activity 
(oil, gas or groundwater extra c-
tion, quarrying, mine collapse)  

s-m U/R The hazard is defined by the contemporaneous impact of 
vibratory ground motion on all civil structures and SSCs of 
the plant and its surrounding.  

N3 Surface faulting (fault capabi l-
ity)  

s-m U/R The hazard is defined in terms of impact on the plant of 
coseismic fault rupture and surface displacement. It i n-
cludes surface rupture at secondary faults.  

N4 Liquefaction, lateral spreading  s-m U/R The hazard is defined by the loss of shear strength of fou n-
dation soil and its effects on civil structures and unde r-
ground installations such as pipes or cable trays.  

N5 Dynamic compaction (seismically 
induced soil settlement)  

s-m U/R The hazard is defined by the effects of soil settlement on 
civil structures and underground installations such as pipes 
or cable trays.  It includes effects of seismically induced 
surface cracks. 

N6 Permanent ground displacement 
subsequent to earthquake 

d-l U/R The hazard is defined in terms of impact on the plant of 
permanent ground subsidence or ground heave due to 
strain release after an earthquake.  

 

Table 1.  List of seismotectonic hazards covered in the current document (from ASAMPSA_E D21.2). 

Explanation to columns: Dur.:  duration of hazard phenomena classified as s -m (seconds to minutes), 

m-h (minutes to hou rs), h -d (hours to days), d -l (days and longer). P&P: Hazard predictability and 

hazard progression: predictable (P), unpredictable (U), progressing rapidly (R) or gradually (G). Ref: 

references to international standards introducing the hazard type.  
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1.2  POTENTIAL IMPACTS ON THE PLANT 

Unlike the effects of other external hazard s seismic events and vibratory ground motion simultaneously challenge 

all parts of the site of an NPP, all civil structures , SSCs (both safety and non -safety related), and personnel. The  

simultaneous impact and the following characteristics distinguish vibratory ground motion from all other externa l 

hazards and internal hazards:  

1. Seismic events are not predictable  and have no precursors (except for foreshocks of earthquake; these, 

however,  cannot be identified as such at the time of their occurrence) .  

2. Hazard progresses very rapid ly in seconds and lasts up to minutes . 

3. Potential of aftershocks may aggravate damage due to the higher vulnerability of pre -damaged civil stru c-

tures and SSCs as compared to intact ones.  

4. Vibratory ground motion impacts on non-safety classified civil structures and equipment at the site such 

as the fire brigade s2 which are important for defense-in-depth. 

5. Seismic ground shaking at multi-unit sites affects all units cont emporaneously stressing the resources for 

accident management. The effects and damage to the individual plants at the site  may, however, be di f-

ferent due to different site effects (soil type below basemat), basemat depths, and construction details.  

6. Vibratory ground motion s imultaneously affects the  whole region around the site including  traffic conne c-

tion s, support routes, and electrical grid .  

7. Earthquake effects have a p otential impact on regional communication networks. 

8. Earthquakes challenge the availabili ty of human resources from outside plant having an impact on human 

reliability (HRA)3. Seismic events therefore are  different from other external hazard which progress slowly 

(as most types of flooding) or affect only very limited areas (such as airplane c rash, lightning), but may be 

similar to some meteorological effects . NPP personnel may be distract ed from nuclear safety due to pri-

vate concerns (rescue, securing homes) reducing their  reliability.  HRA is thought to decrease with increa s-

ing impact (intensi ty) of the earthquake . 

9. Unclear priorities for overall emergency response by local authorities may be in conflict with the priorities 

for SAMG. The availability of rescue and support from outside the plant (e.g., fire brigades , medical aid, 

and heavy machines for clean-up operations) may be limited  due to the simultaneous needs of civil pr o-

tection outside the plant . 

10. Vibratory gro und motion is correlated/associ ated with a  large number of hazards including man -made 

hazards. 

                                                      

 

2 The importance such effects have been highlighted by the ENSREG Stress Tests finding that some fire brigade 

buildings are not capable to withstand design basis  seismic events althought the action of fire brigades is credited 

in the defence -in-depth concept (e.g., the support of core cooling by feed and bleed) (ENSREG, 201 2 c).  

3 Guidance on the verification and improvement SAM strategies in the context of PSA ar e included in the 

ASAMPSA_E Report by Rahni et al. (2017). 
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11. Issues related to (6) to ( 9) may ari se from events with ground motion values below the design basis of the 

NPP which by themselves are not challenging the nuclear installation. However, they may cause severe 

damage to other structures due to the fact that these are not designed for equally h igh safety standards 

and have higher vulnerabilities than the NPP . 
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1.3  LESSONS LEARNED FROM PAST EVENTS 

Deliverable D10.3 of the ASAMPSA_E Project (Nitoi et al., 2015) includes a detailed list of earthquakes that affec t-

ed nuclear power plants. Among them, th e foll owing deserve special attention.  

1.3.1 KOZLODUY NPP (BULGARIA) 

Vrancea earthquake 04.03.1977, Mw 7.2 (Radu et al., 1979)  

The earthquake with its epicent er in Romania (region of Vrancea, c. 270 km from the site) was felt with an inte n-

sity of MSK~6 at the site. The event had no impact on safety.  

òLessons learnedó includes the re -evaluation of site seismicity and upgrading of SSCs. An overview on the most 

important activities on the Kozloduy NPP site till 1997 can be found in IAEA (2001). Issues concerning the  site seis-

micity are also described and discussed in BNRA (2011) and BNRA (2012) stating  that according to the design of 

Kozloduy NPP Units 1 and 2 (of 1973), the seismic activity in the region had been evaluated as below IMSK=VI degree 

of the Medvedev-Sponheuer-Karnik seismic intensity scale (MSK-64). Following the March 1977 earthquake, a site 

seismic re-evaluation had been per -formed. The Operational Base Earthquake (OBE) was set to IMSK=VI degree with 

Peak Ground Acceleration (PGA) of 0.05g and Design Basis Earthquake (DBE) to IMSK=VII degree with PGA of 0.1g.  

The lessons learned from this strongest earthquake were taken into consideration in the design on the next units 

built on the Kozlo duy NPP site. According to the BNRA (2012), the following site max imum seismic impact had 

been adopted in the design of Kozloduy NPP Units 3 and 4: 

o OBE - IMSK=VI (MSK-64 scale);  

o DBE - IMSK=VII (MSK-64 scale); 

o Surface response spectrum ð the spectrum of Vranc ea earthquake accelerogram dated 04.03.1977, re c-

orded in Bucuresti and aligned to PGA of 0.1 g.  

o The design of Units 5 and 6 had been developed based on the following seismic characteristics:  

o OBE - VI degree by MSK-64 scale with PGA of 0.05g for recurrence period of 100 years; and  

o DBE - VII degree by MSK 64 scale with PGA of 0.1g for recurrence period of 10 ,000 years. 

A further r eassessment of seismic design basis was performed during the period 1990 -1992 under a joint IAEA pro-

ject BUL 9/012 òSite and Seismic Safety of Kozloduy and Belene NPPsó (BNRA, 2011; 2012). New site seismic char-

acteristics were defined  accordingly. Seismic levels for recurrence period of 100 and 10 ,000 years respectively 

were determined using probabilistic and deterministic methods. Thus, for Kozloduy NPP site ,  were defined:  

o  for recurrence period of 100 years - PGA of 0.10g; 

o  for recurrence period of 10 ,000 years - PGA of 0.20g; and 

o  resultant floor design response spectra and respective three -component accelerograms for duration of 61  

seconds. 

Moreover, following an IAEA recommendation, floor desi gn response spectra and respective three component ac-

celerograms (for duration of 20 s) were additionally defined for local earthquakes.  

The seismic characteristics ð seismic levels, resultant design floor response spectra and respective three -

component accelerograms were reviewed and confirmed by IAEA experts in the period from 1992 till 2008. The so 
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called Review Level Earthquake (RLE) was also defined. This is the level, for which all SSCs of 1 st seismic category 

of plants already designed and commissioned should be reviewed in respect of seismic resistance (BNRA, 2012). 

Current seismic characteristics of the Kozloduy NPP site were defined in the period 1990 -1992 and are valid for all 

facilities located on the site (BNRA, 2011 ; 2012). It should be noted t hat only two units - Unit 5 and Unit 6, co m-

missioned respectively in 1987 and 1991, are in operation. In pursuance of the Bulgarian commitments made for 

the countryõs accession to the European Union, the first four reactors on the Kozloduy NPP site were shut down 

before the end of their design lifetime.  

1.3.2 HUMBOLT BAY NPP (CALIFORNIA, USA)  

Eureka earthquake 08.11.1980, M 7.2 

The earthquake epicenter  was located at a distance of 120 km from the site. The peak ground acceleration assoc i-

ated with the event (free  flied) was 0.2 ð 0.25 g while the plant was originally designed for 0.25 g and upgraded to 

0.5 g. The event did not cause visible damage (IAEA, 2003a).  

IAEA (2003) lists the following òLessons learnedó: 

¶ òUpgraded structures can withstand events higher tha n the original design basis. ó 

1.3.3 PERRY NPP (OHIO, USA)  

Leroy earthquake 31.01.1986, M 5 

The earthquake epicent er was located 18 km from the NPP. The event caused strong motion duration of 1 second 

and a total earthquake duration of 2.7 seconds at the site. P eak ground acceleration of 0.19 g exceeded th e design 

basis of 0.15 g. All SSCs operated properly during and after the earthquake. Post -event inspections and walkdowns 

by a large group of technicians did not find damage to any SSC (IAEA, 2003a).  

IAEA (2003) lists the following òLesions learnedó: 

¶ òPGA as damage indicator is not a suitable choice, while CAV or relative displacement confirmed their 

validityó 

¶ òLow energy earthquakes, even if very close to the site, induce low damage because of their short dura-

tion and high frequency contentó 

¶ ò65 people for a walkdown is too large a number and technical outcomes could be confused and contra-

dictoryó 

1.3.4 METZAMOR NPP (ARMENIA)  

Spitak earthquake 07.12.1988, Ms 6.8 

The Armenian (former USSR) NPP Metzamor is located about 70 km SSW of the epicenter of the 1988 Spitak eart h-

quake. After the earthquake the USSR Ministers Council decided to shut down  the existing two units of the NPP.  

Detailed descriptions of the impact of the earthquake on the NPP and of damage to SSCs are not available. In 1995 

the Unit 2 of the NPP was re -commissioned after retrofitting of the reactor building, DG buildings a nd seismic 

qualification of the primary circuit equipment . Since 1995 several additional seismic upgrading programs were 

implemented. Actions further include novel PSHA studies for the site (Armenian Nuclear Regulatory Authority, 

2015). 

https://en.wikipedia.org/wiki/Council_of_Ministers_of_the_Soviet_Union
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1.3.5 KASHIWAZAKI KARIWA (JAPAN)  

Niigataken Chuetsu-Oki (NCO) earthquake 16.07.2007, Mw 6.6  

The epicenter  of the earthquake was about 16 km north of the site of the Kashiwazaki -Kariwa NPP.  

There are seven units in Kashiwazaki-Kariwa NPP site. 

 

Design basis:  The design basis earthquake ground motion was specified at  the free  surface of the base stratum at 

the level of about -150m to -300m (different for each unit) from the ground surface. At the time of design, the 

vertical component of the earthquake was taken into account by sta tic seismic force and vertical ground motion 

was not specified. The maximum acceleration of design basis eart hquake ground motion is:  

PGAH  450cm/s2   (in horizontal direction)  

 

Ground motion at the site during the earthquake:  the maximum horizontal accel eration s (AHmax) observed on the 

base mat of the reactor building are as follows ( IAEA, 2007b; numbers in the parenthes es are the maximum accel-

eration from the response analysis at the design stage using design basis earthquake ground motion):  

Unit 1   AHmax   680 cm/s2  (273 cm/s2)   

Unit 2   AHmax   606 cm/s2  (167 cm/s2) 

Unit 3   AHmax   384 cm/s 2  (193 cm/s 2) 

Unit 4   AHmax   492 cm/s 2  (194 cm/s 2) 

Unit 5   AHmax   442 cm/s 2  (254 cm/s 2) 

Unit 6   AHmax   322 cm/ s2  (263 cm/s 2)   

Unit 7   AHmax   356 cm/s 2  (263 cm/s 2) 

 

Estimated PGA (Peak Ground Acceleration) in horizontal direction PGAH at the free  surface of the base stratum  

about -150m to -300m (different for each rector) underground,  where design earthquake ground motion is spec i-

fied, was estimated by deconvolusion analysis: 

Unit 1   PGAH   1699 cm/s 2 

Unit 2   PGAH   1011 cm/s 2 

Unit 3   PGAH   1113 cm/s 2 

Unit 4   PGAH   1478 cm/s 2 

Unit 5   PGAH    766 cm/s 2 

Unit 6   PGAH    539 cm/s 2 

Unit 7   PGAH    613 cm/s 2 

     

Damage: No significant damages to safety related structures, systems and components were found by the plant 

walkdowns which were confirmed by thorough and detailed inspection and investigation later conducted  (IAEA, 

2007a).  

 

Large soil deformations:  Many of the problems on the Kashiwazaki-Kariwa nuclear power plant site we re induced 

by large soil deformations.  

 

Fire:  Unit 3 in -house electrical transformer fire, which was not directly related to nuclear safety,  
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Anchorage Failures: there were a limited number of anchorage failures mainly on transformers and water tanks 

that a re not safety related equipment.  

 

Design basis review:  in September 2006, i.e. ,  before the NCO earthquake occurred, guidelines were revised by 

the regulator (NSC: Nuclear Safety Commission, Japan) concerning the review of the seismic design of nuclear 

power plants in Japan. Th e guidelines address that  both horizontal and vertical d esign earthquake ground motions 

are to be considered. Reflecting the guidelines as well as knowledge obtained from the  NCO earthquake, TEPCO 

newly proposed the design basis earthquake ground motion specified at the free  surface of the base stratum about 

-150 m to -300 m underground. Maximum acceleration of  the design earthquake ground motion PGAH (horizontal ) 

and PGAV (vertical ) are as follows. Numbers in the parentheses are the maximum acceleration on the base mat of 

the reactor building from the response analysis using the revised design basis earthquake ground motion : 

 

Unit  1  PGAH     2300 cm/s 2  (845 cm/s 2)    PGAV  1050 cm/s 2  

Unit  2  PGAH     2300 cm/s 2  (809 cm/s 2)    PGAV  1050 cm/s 2  

Unit  3  PGAH     2300 cm/s 2  (761 cm/s 2)    PGAV  1050 cm/s 2  

Unit  4  PGAH     2300 cm/s 2  (704 cm/s 2)    PGAV  1050 cm/s 2  

Unit  5  PGAH     1050 cm/s 2  (606 cm/s 2)    PGAV    650 cm/s 2  

Unit  6  PGAH     1050 cm/s 2  (724 cm/s 2)    PGAV    650 cm/s 2  

Unit  7  PGAH     1050 cm/s 2  (738 cm/s 2)    PGAV    650 cm/s 2  

 

Upgrade s:  After NCO earthquake, upgrading to the site and the plant structures,  systems and components were 

conducted such as: soil stabilization works on the site, modifications to structures including the reactor building 

roof structure, crane rail supports and exhaust stack, addition of new pipe su pports and modifications to exist ing 

pipe supports (IAEA, 2008). 

 

After Fukushima-Daiichi accident which occurred in 2011 new regulatory guides were issued and the design basis 

earthquake ground motions are to be re -evaluated. Upgrading works for SSCs against these newly specified earth-

quake ground motions are (will be) conducted.  

1.3.6 FUKISHIMA-DAIICHI (JAPAN)  

Great East Japan Earthquake (GEJE) or Tohoku earthquake 11.03.2011, Mw 9.0  

The hypocentre was located at 24 km depth and the epicent er at a distance of about 180 km from Fukushima 

Daiichi NPP site. 

 

Design basis:  design basis earthquake ground motion is specified at the free surface of the base str atum at the 

level of about -200 m from the ground surface. The maximum horizontal and vertical acce lerations of the design 

basis earthquake ground motion in accordance with the guidelines revised in 2006 concerning reviewing seismic 

design of nuclear power plants in Japan  are: 

PGAH  600 cm/s2 

PGAV  400 cm/s2 
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Ground motion at the site:  maximum horizontal and vertical acceleration s observed on the base mat of the rea c-

tor building are as follows ( IAEA, 2011; numbers in the parenthes es are the maximum acceleration from the r e-

sponse analysis using design basis earthquake ground motion):  

Unit 1   AHmax  460 cm/s 2  (487 cm/s 2)     AVmax  258 cm/s 2  (412 cm/s 2) 

Unit 2   AHmax  550 cm/s 2  (438 cm/s 2)   AVmax  302 cm/s 2  (420 cm/s 2) 

Unit 3   AHmax  507 cm/s 2  (441 cm/s 2)   AVmax  231 cm/s 2  (429 cm/s 2) 

Unit 4   AHmax  319 cm/s 2  (445 cm/s 2)   AVmax  200 cm/s 2  (422 cm/s 2) 

Unit 5   AHmax  548 cm/s 2  (452 cm/s 2)   AVmax  256 cm/s 2  (427 cm/s 2) 

Unit 6   AHmax  444 cm/s 2  (448 cm/s 2)   AVmax  244 cm/s 2  (415 cm/s 2) 

 

Damage (IAEA, 2011) :  Operating plants were automatically shut down and all plants behaved in a safe manner, 

during and immediately after the earthquake. Although all off -site power was lost when the earthquake occurred 

(LOOP occurred due to break of power line caused by failure of a transmission tower  due to an earthquake -

triggered lan dslide; Y. Fukushima, IAEA Seismic Safety Center, per. Comm.), the automatic systems at Fukushima 

Daiichi successfully inserted all the control rods into its three operational reactors upon detection of the eart h-

quake, and all available emergency diesel generator power systems were in operation, as designed. Fundamental 

safety functions of (a) reactivity control, (b) removal of heat from the core and (c) confinement of radioactive 

materials were available .  

 

Accident analysis therefore shows that fundamental safety func t ions were in place until the tsunami reached the 

sites. Damage by the tsunami was due to insufficient design provisions against tsunami.  

1.3.7 FUKISHIMA-DAINI NPPS (JAPAN) 

Great East Japan Earthquake (GEJE) or Tohoku earthquake 11.03.2011, Mw 9.0 

Fukushima Daini site, located 12km south of Fukushima Daiichi site,  has four reactors. At the time of the eart h-

quake, all four units were operating.  

 

Design basis:  The design basis earthquake ground motion parameters are specified at  the free  surface of the base 

stratum -180m from the ground surface. Maximum horizontal and vertical accelerations of the design basis eart h-

quake ground motion are: 

PGAH  600 cm/s2  

PGAV  400 cm/s2  

 

Ground motion at the site:  Maximum horizontal and vertical acceleration s observed on the base mat of the rea c-

tor building are as follows  (IAEA, 2011; TEPCO, 2012; numbers in the parenthes es are the maximum acceleration 

from the response analysis using design basis earthquake ground motion):  

Unit  1  AHmax  254 cm/s 2  (434 cm/s 2)     AVmax  305 cm/s 2  (512 cm/s 2) 

Unit  2  AHmax  243 cm/s 2  (428 cm/s 2)     AVmax  232 cm/s 2  (504 cm/s 2) 

Unit  3  AHmax  277 cm/s 2  (428 cm/s 2)     AVmax  208 cm/s 2  (504 cm/s 2) 

Unit  4  AHmax  210 cm/s 2  (415 cm/s 2)     AVmax  288 cm/s 2  (504 cm/s 2) 
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By deconvolusion analysis using the seismic observation records, the seismic motion of the  free surface of the base 

stratum at -180m underground was evaluated and compared to the design b asis seismic ground motion, showing 

that both motions are roughly equivalent.  

 

Damage: The plants achieved cold shutdown safely with no core damage. Also, subsequent facility checks found 

no damage to functions of safety -critical equipment except for damage by the tsunami. Thus, it is co nsidered that 

the earthquake had no impact on the functionality  of safety -critical equi pment.  

1.3.8 ONAGAWA NPP (JAPAN)  

Great East Japan Earthquake (GEJE) or Tohoku earthquake 11.03.2011, Mw 9.0 

Situated on the eastern coast of Japan facing the Pacific Ocean, the Onagawa NPP was the closest n uclear power 

plant to the epice nter of the Mw 9.0 GEJE. The plant experienced very high levels of ground motion the strongest 

shaking that any nuclear power plant has ever experienced from an eart hquake. The ground subsided about 1 m 

during the earthquake, from 14.8 m above sea level to  13.8m. There are three units in Onagawa NPP site. 

 

Design basis:  design basis earthquake ground motion is specified at the free rock surface -16m to -30m (different 

for each unit) from the ground surface.  Maximum horizontal and vertical accelerations of t he design basis earth-

quake ground motion: 

PGAH  580 cm/s2 

PGAV  387 cm/s2 

 

Ground motion at the site:  estimated horizontal and vertical PGAs at the free rock surface by the deconvolu t ion 

analysis were comparable with the design ones . 

PGAH  636 cm/s2 

PGAV  312 cm/s2 

 

Response spectrum of the deconvoluted wave is roughly equivalent to that of the design earthquake ground m o-

tion. Maximum horizontal and vertical acceleration  observed on the base mat of the reactor building are as follows 

(numbers in the parenth eses are the maximum acceleration from the response analysis using design basis earth-

quake ground motion):  

Unit  1 AHmax  587 cm/s 2  (529 cm/s 2)    AVmax  439 cm/s 2  (451 cm/s2)  

Unit  2 AHmax  607 cm/s 2  (594 cm/s 2)    AVmax  389 cm/s 2 ṕ490 cm/s2Ṗ 

Unit  3 AHmax  573 cm/s 2  (512 cm/s 2)    AVmax  321 cm/s 2  (476 cm/s2) 

 

Damage: IAEA (2012b) reports that there were no id entified system failures affecting safety functions due to the 

earthquake. The most significant damage to equipment due to the earthquake shaking was the failure in the 6.9 

kV switchgear. A vertically -racked circuit breaker in the non -safety-related tu rbine building switchgear caused a 

short circuit and a subsequent arc due to rocking of the breaker and fracture of the insulation around the bus 

clamps at top. The short circuit arc burnt the switchgear, consuming t hree or four adjacent cabinets.  
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Design basis review:  after Fukushima-Daiichi accident which occurred in 2011, new regulatory r equirements were 

issued and the design basis earthquake ground motion is to be re -evaluated  

 

Upgrade s:  upgrading works for seismic capacity of the SSCs are (will be) conduc ted, e.g., for equipment and pi p-

ing support, exhaust stack frame and foundation.  

1.3.9 TOKAI NPP (JAPAN)  

Great East Japan Earthquake (GEJE) or Tohoku earthquake 11.03.2011, Mw 9.0  

The Tokai Daini site has a single reactor.  At the time of the earthquake, Tokai Daini (unit 2) was ope rating.   

 

Design basis:  the design basis earthquake ground motion is specified at the free surface of the base stratum about 

-370m from the ground surface. Maximum horizontal and vertical accelerations of the design basis earthquake 

ground motion:  

PGAH  600 cm/s2 

PGHV  370 cm/s2 

 

Ground motion at the site:  Maximum horizontal and vertical acceleration  observed on the base mat of the rea c-

tor building are as follows (n umbers in the parentheses are the maximum acceleration from the response analysis 

using design basis earthquake ground motion):  

Unit 2  AHmax 225 cm/s 2  (400 cm/s 2)  AVmax 189 cm/s 2 ṕ456 cm/s 2Ṗ 

 

Damage: In response to the earthquake, the reactor automatically scrammed (shutdown). All three off -site power 

sources were lost and all three emergency diesel generators started automatically.  

 

Design basis review:  After Fukushima-Daiichi accident which occurred in 2011, new regulatory guides were issued 

and design earthquake ground motion is  to be re -evaluated  

 

Upgrades:  Upgrading works for SSCs against these newly specified earthquake ground motions are (will be) co n-

ducted.  

1.3.10 NPP NORTH ANNA (VIRGINIA, USA)  

Earthquake of Mineral, Virginia, 23.08.2011, Mw 5.8 

The earthquake with an epicent er located some 18 km from the North Anna Nuclea r Station  led to a loss of offsite 

power (LOOP) and caused the reactors to automatically shut down . Four emergency diesel generators started up to 

supply electricity to safety systems. Due to a coolant leak ,  one of the diesel generators stopped working and was 

replaced by a fifth EDG. Offsite power was restored during August 23. 
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1.3.11 MÜHLHEIM-KÄRLICH (GERMANY)  

Identification of a fault at the site  

The NPP Mühlheim-Kärlich was situated in the Neuwieder Basin in vicinity of the Rhine Graben Fault system. During 

the construction a fault was discovered at the site where the reactor building should be constructed. This lead to 

the decision to move the location of the reactor buil ding for about 70 m to a location off the fault. The decision 

had severe legal consequences which finally resulted in the final shutdown of the NPP only two years after its 

commercial start. The legal decision to shut down was not related to any questions of fault capability. It was sol e-

ly based on the invalidity of the planning and building permission resulting from the fa ct that the reactor building 

was not constructed at the location planned.  

1.3.12 TSURUGA NPP (JAPAN)  

Identification of a capable fault at the site  

The NPP is located at the so-called Urasoko fault, which extends over a total lengt h of about 10  km and forms a 

morphological scarp at the site . The foundations of both reactor units are located only 200 m from the fault. The 

fault was no t considered to be active at the time of the siting of the plant. Paleoseismological trenching , however,  

proofed that the fault has moved repe atedly in the Late Pleistocene, and it  is shown as an òactiveó or òpossibly 

activeó fault on Japanõs active fault map. The Urasoko fault is apparently connected to a fault which extends 

below the basemat of the reac tors and therefore should be defined as active as well . 

According Japanese national regulations by NRA, critical facilities which are situated on active faults should not be 

operated. Although this criterion was originally applied for the siting of NPPs (c ompare IAEA, 2009),  NRA extended 

it to existing facilities. This regulatory approach required to clarify the definition of the term òactive faultó and to 

assess the youngest slip history of the faults using extensive paleoseismological trenching ( Chapman et al., 2013).  

1.3.13 DIABLO CANYON (U.S.)  

Identification of a capable fault in the site vicinity  

Relocated microearthquakes led to the identification of an active fault (Shoreline or Hosgri Fault) in the site vicin i-

ty of fshore of the Diablo Canyon NPP, California. The identification of the active fault in 2008 triggered a series of 

reviews of the seismic ground shaking hazards using PSHA and deterministic hazard assessment methods (see re-

view by USNRC, 2012). Due to the fact that the seismic hazard at the NPP is controlled by faults located within 10 

km, finite fault simulations were conducted for assessing ground motion (Abrahamson, 2015). 

The identification of the fault led to the implementation of a license condition for operating the plant requiring 

the licensee to implement a òLong-Term Seismic Programó to perform regular hazard re-evaluations with the la t-

est techniques and data (Chapman et al., 2013).  
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1.3.14 KRSKO NPP (SLOVENIA) 

Identification of a capable fault in the site vicinity  

The NPP Krsko is located close to the high -seismicity plate boundary between the Adriatic and the Pannonian plate 

in a tectonically complex region of moderate to high seismicity  where seismicity is di stributed over a large number 

of (partly unknown) active faults . In the course of geol ogical investigations for the siting of a new NPP close to the 

existing one at least one active fault has  recently been described in the site vicinity/near -region. To assess the 

resulting ground displacement hazard at the Krsko site a Probabilistic Fault Displacement Hazard Analysis (PFDHA) 

was initiated which accounts for as many as 10 potentially capable faults in the near -region (Cline et al., 2015) .   

Besides the capable fault issue t he correct assessment of these faults is of vital importance for the de rivation of 

reliable seismic hazard values for vibratory ground motion.  The update of the seismic hazard assessment for Krsko 

is part of the Slovenian N ational Action Plan in the af termath of the European Post -Fukushima Stress Test (òRevi-

sion of the 2004 SPSAó; SNSA, 2014, p. 13). The action follows ENSREGõs Stress Tests recommendation which sug-

gested that òthe regulator should consider requesting to update the seismic design basisó (ENSREG, 2012). The 

fact that the hazard update has not been completed by n ow highlights the complexity and duration of a process to 

revise the seismic design basis. The time between deciding for a hazard update and implementation of protection 

measures at the plant may be very significant.  
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2 SCREENING OF SEISMOTECTONIC HAZARDS 

Vibratory ground motion (includin g long period ground motion) (N1 ) :  Seismic ground motion hazards have to 

be analyzed for all nuclear power plants and  cannot be screened out  for any site (WENRA, 2015: Issue T, Guid-

ance on Seismic Events).  

 

Vibratory ground  motion induced or triggered by human activity (oil, gas or groundwater extraction, qua r-

rying, mine collapse) (N2) :  Triggered or induced seismic ground motion  can be screened out by the absence of 

man-made facilities which might cause such events (screening out by physical impossibility). Screening needs to 

consider the following potential sources: 

¶ water, oil ,  or gas extraction wells ,  

¶ hydrothermal plants for thermal water extracti on or re-injecti on, 

¶ l iquid waste disposal wells ,  

¶ mines and other large open vo lumes in the subsurface, 

¶ quarries which, by their topography, may p roduce large volume rock falls.  

 

The screening area around the site should be chosen in accordance with the potential maximum magnitude of the 

earthquake that  may be produced by such facili ties, and appropriate ground motion prediction equations  

(GMPEs)4 which are applicable to model such events.  

For induced earthquakes (i.e., events which are entirely controlled by human intervention) magnitudes up to Mw 

5.6 have been observed. Examples include sites in Switzerland ( Basel Deep Heat Mining : recorded Mmax=3.4, 

Deichmann, 2010; maximum magnitude estimated from seismological data Mw 4.5, Baisch et al., 2009), Germany 

(Geothermianlage Landau : Imax=5, Ritter et al., 2014 ), and the USA (Rocky Mountain Arsenal, Denver, Mmax=5.6, 

Folger & Tiemann, 2015; Paradox Valley, Colorado, M=4.3, Ake et al., 2005 ; The Geysers Field, Californi a, 

Mmax=4.6, US Department of Energy, 2015). 

Although these magnitudes appear low compared to the possible magnitudes of  natural earthquakes it must be 

considered that induced events occur at much shallower depth (typically 2 -4 km) than natural earthquakes . The 

small hypocenter depths lead to large ground motion values  at the epicenter . The shallow nature of the events, 

however, implies that the area affected by ground shaking will be significantly smaller than the area shaken by 

deeper natural quakes.  

Maximum magnitude estimates for triggered seismicity, where human intervention initiates the seismic rupture 

process of a fault while the subsequent rupture propagation is controlled by natural stress, are more difficult to 

assess. Estimates should be based on the size of the largest fault that may rupture accounting for the orientation 

of the fault and the orientation of natur al stresses. Maxiumum magnitude estimates can be obtained from scaling 

laws (Wells and Coppersmith, 1994; see also chapter 4.2.1, page 70).  

                                                      

 

4 GMPEs provide relations between earthquake magnitude, distance from the hypocentre, and ground shaking p a-

rameters.  



 Guidance document on practices  

to model and implement EARTHQUAKE hazards in extended PSA (final version) - Volume 1 

  

 

 

Report IRSN/PSN-RES/SAG/  2017-00004 Technical report ASAMPSA_E/ WP21/ D50.15/ 2017-33 vol1   32 / 142 

 

 

 

ASAMPSA_E

 

Surface faulting (fault capability) (N3):  The hazard of surface faulting at the site may be screened out by geo-

logical  analyses at the site and in the site-vicinity . Past examples of the identification of capable faults at the 

sites of existing nuclear facilities have shown that capable faults may have not been  identified during the siting 

process (e.g., Kashiwazaki Kariwa NPP; Tsuruga NPP, Chapman et al., 2014; Diablo Canion NPP, U.S.NRC, 2012; 

Tsuruga NPP, Chapman et al., 2013; Krsko, SNSA, 2013). Screening out surface faulting hazards solely by referring 

to t he results of the siting process should therefore be done with care. Screening must consider master and splay 

faults, which are related to the earthquake source, and secondary faults which are not related to the seismoge n-

ic source but may be triggered by t he earthquake (Figure 1). 

 

 

 

 

Figure 1: Terminology of capable faults: master fault, secondary fault, splay fault . Note that di f-

ferent terminologies exist in the U.S. [Fig_Secondary_Faults.JPG]  

 

Liquefact ion, lateral spreading (N4):  The phenomena can be screened out by the physical impossibility of li q-

uefaction to occur because a facility is founded on rock, consolidated sediments , or stiff soil which is not suscep-

tible to liquefaction.  For other sites m ore detailed analyses and data are require d. These include detailed data 

of the soil properties  below the site, and ground motion parameters and occurrence frequencies of expected 

earthquakes (ground acceleration, duration of shaking and number of loading cycles). The probability  of events 

with ground motion parameters exceeding the liquefaction threshold may be derived from conventional seismic 

hazard analysis. 

 

Dynamic compaction (seismically induced soil settlement) (N5) :  see paragraph above (N4). 
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Permanent ground displacement subsequent to earthquake (N6) :  The hazard can be screened out by physical 

impossibility in cases where no faults are present which may lead to significant permanent uplift / subsidence of 

the site . The hazard cannot be screened out  for sites which are located in the vicinity of faults which may acc u-

mulate significant vertical displacement during a seismic event. These are sites in the hangingwall of subduction 

zones or large thrust faults, and locations in the hangingwall / footwall  of large normal faults.  
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3 DATABASE 

3.1  DATA FOR THE ASSESSMENT OF SEISMOTECTONIC HAZARDS 

3.1.1 DATA FOR ASSESSING VIBRATORY GROUND MOTION HAZARDS 

The kinds of data and the detail edness required for data collection in preparation for seismic hazard evaluation s 

should generally follow the graded approach proposed by IAEA (2010). In this paper IAEA suggests to increase de-

tailedness and efforts for data collection with decreasing distance from the utility. IAEA discerns between r e-

gional (RE, typically 300 km radius from  the site), near -regional (NR, typically 25 km), site -vicinity ( SV, 5 km) and 

site (SI) investigations. Data collection should be as complete as possible and include the acquisition of new data. 

It should be noted from the beginning of a hazard assessment program that the acquisition of new data will be a 

suitable and in many cases the only tool to narrow down the uncertainties of the outcome of the assessment. 

The collected and newly acquired data should constrain as tightly as possible the following input s for seismic 

hazard assessment: 

¶ Construction of a regional seismotectonic model.  The aim of a seismotectonic model is to integrate all 

available data which describe the deformation of the Earthõs crust under the current5 geological condi-

tions into a coher ent and self -consistent model. Such a model must not be exclusively based on seismo-

logical data. Instead, a reasonable model will integrate earthquake data, geological data, geophysical 

data, geomorphological data, paleoseismolgoical data, geodetic data, stress data, tectonic data descri b-

ing the deformation history, etc. (see below). One of the basic inputs is a tectonic map encompassing all 

relevant tectonic faults (both active and inactive). The seismotectonic model may be regarded as a the-

ory of the curr ent tectonic e volution of the region under consideration.  

In the construction of a seismotectonic model all relevant and scientifically supportable interpretations 

should be taken into account. This process may result in more than one model without being a ble to d e-

cide about the correctness  of the different results . It such cases it should be decided whether the acqu i-

sition of new data may reduce the number of possible models ( thereby  decreasing uncertainty) or it is 

necessary to propagate the uncertainty o f different models in a probabilistic approach , e.g., by adopting 

a logic tree . In the latter case all reasonable models should be weighted and considered in the final ha z-

ard evaluation.  

The construction of a plausible and well supported seismotectonic mod el is regarded as a key step be-

cause many important decisions in the subsequent seismic hazard assessment procedure will depend on 

it  such as the selection of seismic sources /  seismic source zones, the characterization of potentially a c-

tive faults , fault activity rate s etc. 

In most if not all parts of Europe the construction of seismotectonic models will be able to benefit from 

recent scientific studies on seismotectonic and active tectonics, which exploded in numbe rs during the 

last two decades.  

                                                      

 
5 òCurrentó in this context refers to the youngest geological history, e.g., the Pliocene to Quaternary.  
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It should also be noted that a well -defined seismotectonic model which is in agreement with current 

scientific standards will serve as a strong argument to defend the final results of a hazard assessment. 

¶ Seismogenic structures (active faults).  Earthquakes occur on geological faults. Most parts of Europe are 

intra -plate areas with slow (< 1 mm/year) or very slow (< 0.1 mm/year) fault displacement rates pr o-

ducing strong earthquakes (M ~ 5 and larger) at recurrence intervals  of 10³ to 10 5 years, which are sig-

nif icantl y longer than the time span covered by earthquake records (generally <10³ years; see below). It 

is therefore very unlikely that all the active faults, which pose a potential threat in a certain region, 

have produced earthquakes in historical times , i.e., i n the last 500 years or so. It is equally unlikely that 

all active faults can be recognized from analyzing the earthquake record. The hazard contribution of ac-

tive faults therefore cannot be assessed from earthquake data alone as active  faults which have not 

produced historical or instrumental seismicity are invisible in the earthquake record . Seismic hazard as-

sessments which are exclusively based on earthquake data disregard ing active faults  may lead to severe-

ly underestimated hazard values.  

The epistemic uncertainties resulting  from the inadequate time coverage of earthquake catalogues  shall 

be reduced by systematic fault mapping and the collecti on of data to locate and characterize active 

faults ( IAEA, 2010; WENRA, 2016). Systematic geologic surveys for identifying seismogenic faults signif i-

cant for hazard results shall extend to a sufficient distance from the site. The choice of the distance to 

perform dedicated investigations may depend on the site seismicity. Larger distances  may be adequate 

for sites w ith apparent low hazard as strong earthquakes occurring on remote faults may produce ground 

motion on the site, which exceed s the assumed low values. Systematic efforts should at least be made 

in the near -region of the site (25 km radius according to IAEA 2010). 

General guidance for the identification and characterization of active faults is given by IAEA (20 10) and 

more detailed by IAEA (2015c). Modern geosciences provide reliable  tools for the identification and 

characterization  of active faults which are  applicable within a reasonable time frame. Among these 

methods quantitative tectonic geomorphology and paleoseismological techniques are regarded as key 

methods. The tectonic geomorphology approach identifies  landforms which result from the deformation 

of the Earthõs surface by active faulting and deformation. It is capable of applying a time -saving graded 

approach including: screening of relatively large areas (several 100 km²) to identify potentially active 

faults ,  fault mapping , initial fault characteri zation and selection of faults requiring further analysis by 

paleoseismological methods. Guidance for the implementation  of the met hod is given below.  

Paleoseismological trenching techniques allow to identify and to characterize prehistorical earthquakes 

that occurred on surface -breaking faults in terms of the timing of earthquake occurrence, magnitude, 

and recurrence intervals. These parameters shall be used to update the seismological database (see be-

low).  

¶ Seismological (earthquake) database.  The requirements of a seismological database for seismic hazard 

assessment are described in detail by IAEA (2010). IAEA discriminates between prehistoric, historical and 

instrumental earthquakes due to the fact that these types of data are characterized by different r elia-

bility and accuracy. The main data characteristics are summarized as follows:  
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Prehistorical earthquake  data typically  derive from paleoseismological  trenching of active fault s. The 

data are precise with respect to the location of the earthquake because  they occurred on the trenched 

seismogenic source. Magnitude s are estimate d from empirical relationships between faulting param eters 

(e.g., surface displacement) and magnitude (compare IAEA, 2015 c, pages 95-107). Magnitudes therefore 

have error bars which can be quantified by statistical methods  (Hintersberer & Decker, 2016) . The accu-

racy of timing of the  events is limited by the applied dating techniques (compare IAEA, 2015 c, pages 82-

91) and may therefore be subjected to errors up to a range of few thousa nd years. Data completeness 

depends on the effort and depth of research, and the local geological situ ation which may be favorable 

or unfavorable to conserve the effects of prehistorical earthquakes. Data quality and completeness can 

be increased by additi onal investigations in reasonable time . In some exceptional cases at tention needs 

to be paid to the stationarity of data . Such a case is the deglaciation  of Northern Europe during the last 

late Pleistocene to Holocene.  

Historical earthquake data are compil ed from historical documents which include descriptions of the 

earthquake effects at different locations. These descriptions are interpreted in terms of macroseismic 

intensity resulting in a set of intensity data points, which in turn are used to estimate the location of 

the epicenter and the maximum (epicentral) intensity. Earthquake magnitudes are derived from empir i-

cal intensity -magnitude correlations  for the maximum (epicentral) intensity  or from modeling approac h-

es using all intensity datapoints of a s ingle earthquake (Gasperini et al., 1999; Álvarez -Rubio & Fäh, 

2009). The workflow therefore includes a number of steps that may introduce substantial  errors: inte r-

pretation of historical sources ; intensity assessment for intensity datapoints ;  assessment of epicenter l o-

cation ; assessment of epicentral intensity ;  intensity -magnitude conversion. Earthquake location, intens i-

ty, and magnitude  will therefore be subjected to significant uncertainties, which frequently are not 

mentioned or quantified in earthquake  catalogues. Due to the uncertainties of earthquake locations 

which may reach up to several tens of kilometers it  will only in exceptional cases be possible to assoc i-

ate historical events to a certain seismic source. The data completeness and quality  of hi storical eart h-

quake data can be increased by targeted historical research but will finally be limited by availability of 

historical documents.  

The quality and accuracy of instrumental earthquake data is strongly dependent on the density and 

quality of the seismic station network which has substantially changed since the beginning of instrume n-

tal records in the late 19 th century. Location accuracy, reliability of magnitude values, and record 

thresholds will generally increase in quality through the 20 th century but need to be assessed separately 

for different locations.  

As suggested by IAEA (2010) the seismological database data should also include all types of data that 

help identify ing seismogenic structures and support the seismotectonic model. Such data m ay particula r-

ly be obtained from local seismic networks around nuclear installations and include focal mechanisms, 

fore- and aftershock sequences, and precise relocations of earthquakes. IAEA (2015) further clearly 

states that òseismic hazard assessments based on historical data are not sufficient to capture low fr e-

quency seismic events. Investigations to collect prehistoric data are neededó. 
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¶ Site conditions.  Site-specific seismic hazard assessments require to determine the geotechnical and d y-

namic characte ristics of the site considering site topography, the crustal and soil structure below the 

reactor basemat, and seismic velocity profiles of seismic and geotechnic bedrocks.  Guidance on this is-

sue is provided by IAEA (2004).  

 

IAEA (2009 SSG-9) provides an incomprehensive compilation of data which is required for the assessment at the 

regional (RE; 300 km), near-regional (NR; 25 km), site -vicinity ( SV; 5 km) and site (SI) scale. In addition to  the 

data listed there the following d ata should be collect ed and acquired to support hazard assessment:  

 

Database of s cientific  and technical  literature :  

¶ Data :  Geological and geophysical research papers on seismicity, seismotectonics, and active faul t ing. 

The number of  topical  papers has tremendously increased in the pa st years due to a recent shift of 

the focus of academic research to active seismotectonic phenomena and processes. I t is therefore i n-

dispensable to collect a database of relevant scientific papers (RE, NR, SV)  

Purpose:  Support the construction of a seismot ectonic model  

 

Seismological data : 

¶ Data :  Earthquake catalogues with  instrumental / historical / paleoseismological data (RE, NR, SV) 

Earthquake data from local observation networks (NR, SV)  and data listed in by IAEA (2010) 

Purpose:  Definition of seismicit y; construction of a seismotectonic model ; i dentification of active 

faults  

¶ Data :  Compilations of focal mechanism (fault plane solution) data  and seismic moment tensors (RE) 

Purpose:  Assess the orientation and kinematics of seismogenic faults; support the c onstruction of a 

seismotectonic model  

¶ Data :  Strong motion data and/or intensity data points of individual events, isoseismal maps, ground 

motion prediction equations published in scientific and technical literature data (RE) 

Purpose:  Selection of appropria te ground motion prediction equations  

 

Geological and tectonic data:  

¶ Data :  Tectonic maps showing all relevant faults (both inactive and active) with adequate scales ; 

compilation of the tectonic history of the area under consideration as derived from struct ural geology 

techniques and tectonic analyses (literature compilation) ; list of significant 6 tectonic faults (both a c-

tive and inactive) with fault names, orientation, slip characteristics, geological evidence for youngest 

slip events (RE, NR, SV); recent s tress data preferably from deep industrial boreholes  (RE) 

                                                      

 

6 Significant faults are > 10 km long (RE), > 5 km (NR), and > 1 km (SV)  
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Purpose:  Support the construction of a seismotectonic model ; locate and characterize faults  (orien-

tation, slip characteristics); identify faults which could move in current stress field (RE, NR, SV)  

¶ Data :  List of proved / disputed active faults from published data or fault databases (RE, NR) 

Purpose:  Support the construction of a seismotectonic model; locate and characterize active faults  

 

Geophysical data :  

¶ Data :  Reflection / refraction seismic, seismic tomography, heat flow , gravity (RE) 

Purpose:  Define the thickness of the seismogenic crust and sources of seismicity in the mantle 7 

¶ Data :  Reflection seismic, gravity, magnetic (RE, NR) 

Purpose:  Map tectonic faults  

¶ Data :  High-resolution near-surface geophysical data (reflection seismic, resistivity, gravity ,  ground 

penetrating radar) (NR, SV, SI) 

Purpose:  Map and locate potentially active faults precisely for paleoseismological investigations 

 

Topographic and remote sensing data :  

¶ Data :  Satellite imagery , aerial photographs, Digital Elevation Models (DEM) and high-resolution L IDAR 

elevation data with resolution adequate to the scale ( RE, NR, SV) 

Purpose:  Support tectonic geomorphology and mappi ng of potentially active faults  

¶ Data :  GPS data and conventional geodetic data (repeated precise levelling) (RE, NR)  

Purpose:  Asses horizontal / vertical  crustal movements to support the identification of active faults  

 

Site-specific data:  

¶ Data :  Rock and soil profiles below facility, geotechnical bedrock and soil prop erties, seismic veloc i-

ties of bedrock and soil (Vs 30), topographic data obtained from boreholes and geophysical investig a-

tions (SI), cross-hole seismic tests 

Purpose:  Assess site conditions in terms of dynamic elastic properties to characterize soil -structure 

interaction  

 

Human activities  

¶ Data :  Location and type of facilities that may induce / trigger seismicity  (deep oil, gas or water e x-

traction wells; deep injection wells; mines; quarries etc.) (NR)  

Purpose:  Assess induced and triggered seismicity  

 

Numerical simulati on data  

¶ Data :  earthquake ground motion models, (e.g., modeling of ground motion from fault param eters) ,   

Purpose:  constrain ground motion characteristics .  

                                                      

 
7 E.g., the subducting slab in the Vrancea region, Romania.  
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3.1.2 DATA FOR ASSESSING SURFACE FAULTING AT THE SITE (FAULT CAPABIL-

ITY) 

Guidance on the assessment of fault capability is provided by IAEA ( 2010, paragraphs 8.1 to 8.13 ). The cited do c-

ument provides a definition of the term òcapable faultó. Accordingly, òa fault should be considered capable if it 

shows evidence of past movement or movements é of a recurring nature within such a period that it is reaso nable 

to conclude that further movements at or near the surface may occur. In highly active areas é periods of the 

order of tens of thousands of years (e.g. Upper Pleistocene -Holocene, i.e.,  present) m ay be appropriate for the 

assessment of capable faults. In less active areas, it is likely that much lo nger periods (e.g. P l iocene-Quaternary , 

i.e. present) are appropriate.ó (IAEA, 2010).  

Most parts of Europe are intra -plate areas with low to moderate sei smicity produced by slow to very slow faults . 

Such regions cannot be regarded as òhighly activeó. According to IAEAõs definition the assessment of fault capabil-

ity therefore shall  address a geological time period that at least includes the entire Quaternar y (< 2.6 mio. years 

before present) or extends back into the Pliocene (5.3 to 2.6 mio. years b.p.) .  The assessment of whether a fault 

moved repeatedly through that period of time , or not ,  requires an in-depth geological and paleoseismological 

approach as partly  outlined by IAEA (2015c).  

Although the assessment of fault capability focuses on the site it may be necessary to acquire data reaching out 

beyond this geographical area. This is due to the fact that faults in the near region (25 km) or site vicinity (5 km 

from the site) may extend into the site and that fault assessment at the site is hindered or impossible due to geo-

logical, te chnical, or logistical reasons.  

 

The following data are required for the assessment:  

 

Seismological data : 

¶ Data :  earthquake data from local observation networks with precise hypocenter locations; focal 

mechanism data (fault plane solution s, moment tensor solution s) from events that occurred in the re-

gion around the site , 

Purpose:  check the coincidence of earthquake hypo centers wi th known tectonic faul ts; assess the lo-

cation, orientation, and kinematics of the faults  which produce earthquakes close to or at the site . 

 

Geological data:  

¶ Data :  geological and t ectonic maps showing all types of faults (both inactive and active) at adequate 

resolution (1:5.000 or higher) ; borehole data; lithology, stratigraphy, and age data of sediments 

which are offset by faults or seal faults; data on the fault rock  (mylonite, cataclasite etc.) , 

Purpose:  locate and characterize faults (orientation, dip) ; date the youngest fault movements  by off-

set/non -offset sediments; check consistency of fault rock with near -surface faulting  (nature of fault 

gouge with respect to P/T conditions and deformation mechanisms) . 
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Geophysical data :  

¶ Data :  reflection seismic, airborne geophysical data (resistivity, magnetics) , gravity  data to locate 

faults  on the RE and NR scale; reflection seismic as the state-of-the-art method providing images of 

the layering and structures of the unde rground should be preferred , 

Purpose:  map and locate faults for further  investigations. 

 

Topographic and remote sensing data  

¶ Data :  high-resolution aerial photographs, high-resolution LIDAR elevation data, 

Purpose:  support tectonic geomorphology and map  surface expressions of capable faults.  

 

Geodetic data : 

¶ Data :  GPS derived and conventional geodetic dat a (repeated precise levelling) , 

Purpose:  assess horizontal and vertical  movements to support the identification of active faults . 

 

Geophysical data for precise fault location : 

¶ Data :  high-resolution reflection seismic, resistivity, gravity, ground penetrating radar data (GPR) to 

locate near -surface faults; methods providing images of the layering and structures of the unde r-

ground such as reflection seismic and GPR should be preferred, 

Purpose:  map and locate potentially active faults precisely for paleoseismological investigations. 

 

Paleoseismological data : 

¶ Data :  evidence for past fault movements derived from paleoseismological trenching (age of the 

youngest fault displacement; magnitude and timing of repeated slip events; evidence for paleoeart h-

quakes; recurrence interv als of slip events) and offset , 

Data :  evidence for the sealing of the fault by undisplaced sediments (age of the youngest fault di s-

placement) , 

Purpose:  asses the possibility, magnitude, timing, and recurrence rate of surface faulting . 
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3.1.3 DATA FOR ASSESSING LIQUEFACTION AND DYNAMIC COMPACTION  

The data requirements for assessments of the liquefaction and dynamic compaction potential are summarized by 

IAEA (2004).  Data collection should include the following : 

 

Site-specific geological and geomechanical data:  

Data :  high-resolution geological maps; d rilling profiles ; boring logs and test pit logs; lithology, stratigr a-

phy, and age data of sediments; grain size; soil properties from in-situ (e.g ., standar d or cone penetration 

tests) and laboratory soil mechanic testing (geomechanical soil parameters);  seismic wave velocities 

(Vs30),  

Purpose: constrain the thickness and 3D geometry of sediment layers  and soil; characterize lithological  

and geotechnical properties of the layers. 

 

Geophysical data :  

Data :  high-resolution reflection seismic, resistivity, ground penetrating radar data (GPR) ; methods 

providing images of the layering and structures of the underground such as reflection seis mic and GPR 

should be preferred , 

Purpose:  constrain the 3D geometry of sediment layers and soil .  

 

Site-specific hydrol ogical and hydrogeological data:  

Data :  groundwater level and ground water level fluctuations; hydrological data of fore -flood river, lake or 

sea; climate  and rainfall records; porosity, permeability, and water  saturation of sediments and soil ,  

Purpose: constrain the thickness and 3D geometry of sediment layers; characterize variation s of the h y-

drogeological properties of layers . 

 

Paleoseismological  data : 

Data :  evidence for past liquefaction of sediments at the site or at locations which are similar to the site 

(e.g., evidence of clastic dykes or intrusions, paleo -sand volcanoes, lateral spreading etc . ,  

Purpose:  confirm or reject the occurrence of past lique faction at the site . 
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3.1.4 DATA FOR ASSESSING PERMANENT GROUND DISPLACEMENT 

The assessment of the potential of permanent ground displacement by earthquakes requires the assessment of 

major active faults which have the potential to cause significant vertical gr ound displacement of the site . Large 

co-seismic and post-seismic vertical displacements  in the order of several meters have been recorded from nume r-

ous earthquakes at oceanic subduction zones which are not present in Europe. In intra -plate Europe vertical dis-

placement may occur in the vicinity of normal faults (e.g., the Rhine Graben) and thrust faults (e.g., in Europeõs 

active orogenic mountain belts).  Vertical displacement may also occur above blind faults and related folds.  

 

Data :  all kinds of data requi red for the identification and characterization of active faults in the near -

region of the sit e (see above); fault dimensions , 

Purpose:  assess the maximum credible vertical displacement . 
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3.2  DATA SOURCES  

3.2.1 EARTHQUAKE CATALOGUES 

Earthquake catalogues  with cont inent -wide coverage have been compiled by several European projects includ ing 

the projects SHARE (Seismic Hazard Harmonization in Europe) and AHEAD (European Archive of Historical Earth-

quake Data). The compiled catalogues (Table 2) are homogeneous with respect to the magnitude ( Mw, moment 

magnitude; see discussion by Grünthal et al. [2009] and Grünthal & Walström [2013]). The catalogues do not co n-

sider earthquakes with magnitudes / intensities below a certain threshold (see referen ces in Table 2 for details).  

 

European earthquake catalogues  
  

Region Link  Reference  Time coverage  

Europe http://www.emidius.eu/SHEEC/  Stucchi et al., 2013  1000-1999 

Europe http://w ww.gfz -potsdam.de/emec/  Grünthal & Walström, 2013  1000-2006 

Europe http://www.gfz -
potsdam.de/en/section/seismic -hazard-
and-stress-field/products -and-
services/cenec-earthquake-catalogue/  

Grünthal et al., 2009  1000-2009 

Europe http://www.bgr.bund.de/EN/Themen/Se
ismolo-
gie/Erdbebenauswertung_en/Kataloge_en
/historisch/EU_Oe_Schw_en.html  

Van Gils & Leydecker, 1991 479 BC-1983 

Europe http://emidius.eu/GEH/info/popup_pdf_
complete.php?id=5801 

Shebalin et al., 1998  342 BC-1990 

 

Table 2.  List of European earthquake catalogues  with continent -wide coverage . 

 

National earthquake catalogues  are commonly being maintained and updated by the national seismological, 

geophysical or geological surveys. Table 3 provides a non -exhaustive list of online links and referenc es to such 

catalogues.  

http://www.emidius.eu/SHEEC/
http://www.gfz-potsdam.de/en/section/seismic-hazard-and-stress-field/products-and-services/cenec-earthquake-catalogue/
http://www.gfz-potsdam.de/en/section/seismic-hazard-and-stress-field/products-and-services/cenec-earthquake-catalogue/
http://www.gfz-potsdam.de/en/section/seismic-hazard-and-stress-field/products-and-services/cenec-earthquake-catalogue/
http://www.gfz-potsdam.de/en/section/seismic-hazard-and-stress-field/products-and-services/cenec-earthquake-catalogue/
http://emidius.eu/GEH/info/popup_pdf_complete.php?id=5801
http://emidius.eu/GEH/info/popup_pdf_complete.php?id=5801
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National earthquake catalogues  

Country  Link  Reference   Time coverage  

Austria Not online  AEC, 2015 1201-2015 

Belgium http://seismologie.be/index.php?LANG=EN& CNT=
BE&LEVEL=0 

  1900-2015 

Bulgaria Not online  Bayliss & Burton, 2007   

  Grigorova et al., 1978    

Croatia Not online  Herak, 1995   

 ftp://hazards.cr.usgs.gov/LAHR/iaspei/da ta/croa
tia/zag_eq.txt  

Herak et al., 1996  1908-1992 

Czech 
Republic 

http://www.czechgeo.cz/en/gfu -catalog/   1976-2015 

 Not online  ACORN, 2004 1267-2004 

Denmark       

Finland http://www.helsinki.fi/geo/seismo/maanjaristyks
et/suomi.html  

FENCAT Catalog of earth-
quakes in Finland since 
2000  

2000-2015 

 http://www .seismo.helsinki.fi/english/bulletins/  FENCAT Catalog of earth-
quakes in Finland 1610 - 
1999  

1910-1999 

France Not online  LDG, 2011 1962-2011 

 Not online  Baumont & Scotti, 2011   

Germany http://www.bgr.bund.de/DE/Themen/Erdbeben -
Gefaehrdungsanaly-
sen/Seismologie/Seismologie/Erdbebenauswertun
g/Erdbebenkataloge/historische_Kataloge/german
y.html;jsessionid=65EFBFA658A59A61C9D528A2B1
D33014.1_cid284?nn=1544984 

Leydecker, 2011 800-2008 

  Not online  Grünthal, 1988 823-1984 

Hungary Not online  Hungarian Nastional 
Seismological Bulletin  

2002-2013 

 http://www.seismology.hu/index.php/en/seismic
ity/earthquake -bulletins  

 456-1986  

Italy  http://emidius .mi.ingv.it/CPTI/  CPTI Working Group, 
2004.  

  

Lithuania http://www.lmaleidykla.lt/ojs/index.php/geologi
ja/article/view/1894/800  

Pańȡsa & Ģliaupa, 2011 1375-2006 

Nether-
lands 

http://www.knmi.nl/nederland -
nu/seismologie/aardbevingen  

  Recent earthqua-
kes  

Norway http://www.norsardata.no/NDC/recenteq/lastwe
ek.html  

NORSAR - Research Coun-
cil of Norway  

  

Poland   Guterch & Lewandowska-
Marciniak, 2002 

  

Portugal http://www.emidius.eu/ ahead/main/info/?en=62
712 

LNC, 1986   

Portugal Not online  Solares & Rodriguez, 2002   

Romania http://www.seismo.ethz.ch/static/gshap/neurasi
a/nordasiacat.txt  

Kondorskaya & Ulomov, 
1999 

  

 http://www1.infp.ro/seismic -
catalogue/events?page=1 

National Institute for 
Earth Physics 

  

  Not online  Oncescu et al., 1999 984-1997 

 
 

http://seismologie.be/index.php?LANG=EN&CNT=BE&LEVEL=0
http://seismologie.be/index.php?LANG=EN&CNT=BE&LEVEL=0
ftp://hazards.cr.usgs.gov/LAHR/iaspei/data/croatia/zag_eq.txt
ftp://hazards.cr.usgs.gov/LAHR/iaspei/data/croatia/zag_eq.txt
http://www.czechgeo.cz/en/gfu-catalog/
http://www.helsinki.fi/geo/seismo/maanjaristykset/suomi.html
http://www.helsinki.fi/geo/seismo/maanjaristykset/suomi.html
http://www.seismo.helsinki.fi/english/bulletins/
http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/Erdbebenauswertung/Erdbebenkataloge/historische_Kataloge/germany.html;jsessionid=65EFBFA658A59A61C9D528A2B1D33014.1_cid284?nn=1544984
http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/Erdbebenauswertung/Erdbebenkataloge/historische_Kataloge/germany.html;jsessionid=65EFBFA658A59A61C9D528A2B1D33014.1_cid284?nn=1544984
http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/Erdbebenauswertung/Erdbebenkataloge/historische_Kataloge/germany.html;jsessionid=65EFBFA658A59A61C9D528A2B1D33014.1_cid284?nn=1544984
http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/Erdbebenauswertung/Erdbebenkataloge/historische_Kataloge/germany.html;jsessionid=65EFBFA658A59A61C9D528A2B1D33014.1_cid284?nn=1544984
http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/Erdbebenauswertung/Erdbebenkataloge/historische_Kataloge/germany.html;jsessionid=65EFBFA658A59A61C9D528A2B1D33014.1_cid284?nn=1544984
http://www.bgr.bund.de/DE/Themen/Erdbeben-Gefaehrdungsanalysen/Seismologie/Seismologie/Erdbebenauswertung/Erdbebenkataloge/historische_Kataloge/germany.html;jsessionid=65EFBFA658A59A61C9D528A2B1D33014.1_cid284?nn=1544984
http://www.seismology.hu/index.php/en/seismicity/earthquake-bulletins
http://www.seismology.hu/index.php/en/seismicity/earthquake-bulletins
http://emidius.mi.ingv.it/CPTI/
http://www.lmaleidykla.lt/ojs/index.php/geologija/article/view/1894/800
http://www.lmaleidykla.lt/ojs/index.php/geologija/article/view/1894/800
http://www.knmi.nl/nederland-nu/seismologie/aardbevingen
http://www.knmi.nl/nederland-nu/seismologie/aardbevingen
http://www.norsardata.no/NDC/recenteq/lastweek.html
http://www.norsardata.no/NDC/recenteq/lastweek.html
http://www.emidius.eu/ahead/main/info/?en=62712
http://www.emidius.eu/ahead/main/info/?en=62712
http://www.seismo.ethz.ch/static/gshap/neurasia/nordasiacat.txt
http://www.seismo.ethz.ch/static/gshap/neurasia/nordasiacat.txt
http://www1.infp.ro/seismic-catalogue/events?page=1
http://www1.infp.ro/seismic-catalogue/events?page=1
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Slovakia http://www.emidius.eu/AHEAD/main/info/?en=1
6940 

Labak & Broucek, 1995.    

 Not online  ACORN, 2004 1267-2004 

Slovenia Not online  Poljak, Ĥivńił & Zu-
panńiń, 2002 

  

  Not online   Ribaric, 1988    

Spain http://www.ign.es/ign/resources/sismologia/publ
icaciones/Catalogohasta1900.pdf  

Solares & Rodriguez, 
2002 

800-1900 

 New Atles Sísmic de Catalunya Vol.1 - Seismicity 
Catalogue  

  880-1996 

Sweden Not online  Walström, 1990    

 http://snsn.geofys.uu.se/      

Switze r-
land 

http://www.seismo.ethz.ch/prod/catalog/index  ECOS-09 (Earthquake 
Catalog of Switzerland 
2009 

250-2009 

United 
Kingdom 

http://quakes.bgs.ac.uk/earthquakes/dataSearch
.html  

Musson, 1994   

   Musson & Sargeant, 2007   

Ukraina  http://wdc.org.ua/en/data      

 

Table 3.  List of national earthquake catalogues of European countries.  

 

http://www.emidius.eu/AHEAD/main/info/?en=16940
http://www.emidius.eu/AHEAD/main/info/?en=16940
http://www.ign.es/ign/resources/sismologia/publicaciones/Catalogohasta1900.pdf
http://www.ign.es/ign/resources/sismologia/publicaciones/Catalogohasta1900.pdf
http://www.icc.es/sismes/angles/atles/atles1/atles1ang.html
http://www.icc.es/sismes/angles/atles/atles1/atles1ang.html
http://quakes.bgs.ac.uk/earthquakes/dataSearch.html
http://quakes.bgs.ac.uk/earthquakes/dataSearch.html
http://wdc.org.ua/en/data
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In addition to the national earthquake catalog ues a number of catalogues exist which focus on historical eart h-

quakes (Table 4). The most comprehensive database is accessible via the AHEAD online portal (Locati et al., 

2014). It comprises extensive information on major histori cal events including macroseismic datapoints, est imates 

of epicentral uncertainties, epicentral intensity with uncertainties, estimated magnitude (Mw) with unce rtainties, 

and references. The coverage of the database is shown in Figure 2. 

A non-exhaustive list of catalogues of historical earthquakes that cover individual countries or regions is included 

in Table 4.  

 

 

 

 

Figure 2. Coverage of the database of historical earthquakes A HEAD (2015) 

[ Fig_AHEAD_historical_earthquake_data .JPG]  
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Catalogues focused on historical earthquake data   

Region / Coun-
try  

Link  Reference / database  

Europe http://www.emidius.eu/ahead/main/  Locati et a l., 2014  

   
Austria https://www.zamg.ac.at/cms/de/geophysik/erdb

eben/historische -erdbeben  

  

Austria http://opac.geologie.ac.at/wwwopacx/wwwopac.
ashx?command=getcontent&server=images&value=
Abhandlungen_67.pdf 

Hammerl & Lenhardt, 2013  

Belgium http://seismologie.be/index.php?LANG=NL&CNT=
BE&LEVEL=230 

Royal Observatory of Belgium 

Bulgaria     

Czech Republic http://www.ipe.muni.cz/newweb/english/ temeli
n_en/hluboka_fault.php  

Spacek et al., 2011, p. 19 ff  

France http://www.sisfrance.net/  Sismicité historique de la France Métr o-
politaine  

Germany http://www.bgr.bund.de/EN/Themen/Seismologi
e/Erdbebenauswertung_en/Kataloge_en/historisc
h/historische_erdbeben_inhalt_en.html  

Bundesanstalt für Geowissenschaften und 
Rohstoffe 

Spain http://www.ign.es/ign/layoutIn/bdmacrosismica.
do 

Base de datos de intensidad macrosismi-
cita (IGN) 

 http://www.igc.cat/web/ca/sismologia_bdmacros
is.html  

Base de Dades Macrosísmica de Catalunya 

 Not online  Mezcua et al., 2004 

Finland  Not online  Mäntyniemi et al., 2007  

France http://www.sisfrance.net/  Sismicité historique de la France Métr o-
pole 

Greece http://macroseismology.geol.uoa.gr/  Hellenic Macroseismic Database (UoA) 

 Not online  Kouskouna & Sakkas, 2013 

Italy  http://emidius.mi.ingv.it/ASMI/  ASMI Archivio Storico Macrosismico  

Lithuania  Not online Mäntyniemi et al., 2007.  

Norway http://www.norsar.no/seismology/Earthquakes/S
eismicityNorway/ELOCS/ 

Historical seismicity on the norwegian 
continental shelf (ELCOS) 

Poland http://private.igf.edu.pl/~pwiejacz/p/  Pagaczewski, 1972 

Slovakia Slovak macroseismic earthquake catalogue 
(SLOVMEC) 

Kysel et al., 2016  

Slovenia  Cecił, 2016 

Spain http://www.igc.cat/web/files/IGC_2006_sismolog
ia_segles.pdf 

Olivera et al., 2006  

Sweden  Not online  Mäntyniemi et al., 2007  

Switzerland  Fäh et al., 2016  

United King-
dom 

http://www.earthquakes.bgs.ac.uk/historical/dat
a/studies/MUSS008/MUSS008.pdf 

UK Historical Earthquake Database 

 

Table 4.  List of earthquake catalogues  focused on historical earthquake data.  

http://www.emidius.eu/ahead/main/
https://www.zamg.ac.at/cms/de/geophysik/erdbeben/historische-erdbeben
https://www.zamg.ac.at/cms/de/geophysik/erdbeben/historische-erdbeben
http://opac.geologie.ac.at/wwwopacx/wwwopac.ashx?command=getcontent&server=images&value=Abhandlungen_67.pdf
http://opac.geologie.ac.at/wwwopacx/wwwopac.ashx?command=getcontent&server=images&value=Abhandlungen_67.pdf
http://opac.geologie.ac.at/wwwopacx/wwwopac.ashx?command=getcontent&server=images&value=Abhandlungen_67.pdf
http://seismologie.be/index.php?LANG=NL&CNT=BE&LEVEL=230
http://seismologie.be/index.php?LANG=NL&CNT=BE&LEVEL=230
http://www.ipe.muni.cz/newweb/english/temelin_en/hluboka_fault.php
http://www.ipe.muni.cz/newweb/english/temelin_en/hluboka_fault.php
http://www.bgr.bund.de/EN/Themen/Seismologie/Erdbebenauswertung_en/Kataloge_en/historisch/historische_erdbeben_inhalt_en.html
http://www.bgr.bund.de/EN/Themen/Seismologie/Erdbebenauswertung_en/Kataloge_en/historisch/historische_erdbeben_inhalt_en.html
http://www.bgr.bund.de/EN/Themen/Seismologie/Erdbebenauswertung_en/Kataloge_en/historisch/historische_erdbeben_inhalt_en.html
http://www.ign.es/ign/layoutIn/bdmacrosismica.do
http://www.ign.es/ign/layoutIn/bdmacrosismica.do
http://www.igc.cat/web/ca/sismologia_bdmacrosis.html
http://www.igc.cat/web/ca/sismologia_bdmacrosis.html
http://macroseismology.geol.uoa.gr/
http://emidius.mi.ingv.it/ASMI/
http://www.igc.cat/web/files/IGC_2006_sismologia_segles.pdf
http://www.igc.cat/web/files/IGC_2006_sismologia_segles.pdf
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Seismological data in excess of data recorded in earthquake catalogues may exist from local seismic monitoring 

networks . Such networks may not be connected with the national observation grid and the recorded data ma y 

therefore not be included in national or regional earthquake catalogues . 

Seismic networks may be installed or have been operational for some periods of time for research purposes, e.g., 

the observation of aftershock sequences subsequent to major earthqua kes or to monitor teleseismic events for 

seismic tomography. Such data may be accessible via the operating scientific organizations. A list of digital sei s-

mograph networks, both permanent and temporary, is provided and updated by the International Federati on of 

Digital Seismograph Networks (FDSN; http://www.fdsn.org/networks/ ?). The list includes deployment countries / 

regions, network names, links  to netw ork operators, and data access.  

Data recorded by such temporary networks may significantly contribute to identify seismogenic faults by accurat e-

ly localized earthquake hypocenters, understand fault kinematics using first arrival studies or seismic m oment 

tensor solutions, etc. An example for the benefit  of analyzing microearthquakes recorded by dense local seismo-

logical networks is the identi fication of the Shoreline Fault close to the Diablo Canyon NPP which led to an update 

of the seismic hazard assessment (USNRC, 2012). 

Local seismic monitoring networks aroun d nuclear power plants are dealt with in chapter 3.2.5 on page 54. 

 

3.2.2 EARTHQUAKE FOCAL MECHANISMS AND RECENT STRESS DATABASES 

Earthquake focal mechanisms (fault plane solution) data and seismic momen t tensors provide evidence on the 

orientation and slip direction of the fault which created a specific earthquake and are therefore an important 

basis for the construction of seismotectonic models. For strong e arthquakes such data are routinely  produced and 

collected in a number of databases, which all allow data queries and downloads ( Table 5).  

Recent stress data (orientation of the maximum horizontal compressive stresses) are equally i m-

portant to co nstrain seismotectonic models a nd assess the probability of slip at pre -existing faults. 

Data are collected in the World Stress Map (WSM) database (  

Figure 3, Table 5). The WSM includes tools for data query, download, and vi sualization .  

The databases listed in (Table 5) are not comprehensive and numerous additional data may exist in scientific lite r-

ature or at the local geophysical / seismological / geological surveys. Focal mechanisms may particularly be avai l-

able from site-specific observation networks. Stress data which are not included in the WSM may be avail able from 

deep drilling (e.g., for hydrocarbon or thermal water exploration) and mining activities.  

 

http://www.fdsn.org/networks/
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Figure 3. European stre ss data of the World  Stress Map (WSM) database (release 2008) 

[ Fig_WSM_Database.JPG] 
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Moment tensor , earthquake mechanisms and recent stress orientation databases  

Name Link  Reference  

Global Centroid-Moment-Tensor 
(CMT) Database 

http://www.globalcmt.org/  Dziewonski et al., 1981  

Global Centroid-Moment-Tensor 
(CMT) Database 

http://www.globalcmt.org/  Ekström et al., 2012  

EMSC quick Moment Tensor Solu-
tions 

http://www.emsc -
csem.org/Earthquake/index_tensors.php  

 

USGS Moment Tensor and Broad-
band Source Parameter Search 

http://earthquake.usgs.gov/earthquakes
/eqarchives/sopar/  

 

Moment Tensor Product Query - 
IRIS 

http://ds. iris.edu/spud/momenttensor   

European-Mediterranean RCMT 
Catalogue 

http://www.bo.ingv.it/RCMT/searchRCM
T.html  

 

EMMA Database of Earthquake 
Mechanisms for European Area 

http://www.emsc -
csem.org/Earthquake/emma.php  

Vanucci & Gasperini, 2003 

EMMA Database of Earthquake 
Mechanisms for European Area 

http://www.emsc -
csem.org/Earthquake/emma.php  

Vanucci & Gasperini, 2004 

WSM World Stress Map database http://dc -app3-14.gfz-
pots-
dam.de/pub/stress_data/stress_data_fra
me.html  

Heidbach et al., 2008  

 

Table 5.  List of moment tensor, earthquake mechanism and stress databases.  

 

http://www.globalcmt.org/
http://www.globalcmt.org/
http://ds.iris.edu/spud/momenttensor
http://ds.iris.edu/spud/momenttensor
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3.2.3 SEISMOGENIC SOURCE AND ACTIVE FAULT DATABASES  

Active and capable fault data bases which are maintained by geological surveys or academic research groups  only 

exist for a small number of European countries. References and links to these databases are included in  Table 6.  A 

comprehensive database of active and capable faults in Europe does currently not exist. The only available Euro-

pean scale dataset  is the European Database of Seismogenic Faults (EDSF) established by the SHARE project 

(SHARE, 2012), which  collect ed information of faults that are regarded to be capable of generating earthquakes 

with M Ó 5.5 as input for vibratory ground motion hazard assessment. The database is not comprehensive and al-

most exclusively contains information from  those European countries which participated in SHARE (Figure 4, Table 

6). The EDSF has not been updated since May 2012 (http://diss.rm.ingv.it/share -edsf/index.html ).  

 

 

 

Figure 4. Active and capable fault data: coverage of the SHARE database (SHARE, 2012) 

[ Fig_SHARE_overview_map .JPG]  

http://diss.rm.ingv.it/share-edsf/index.html















































































































































