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SUMMARY 

 

The bibliography of deliverable D21.1 includes existing international and national guidance documents and 

standards on external hazard assessment together with a selection of recent scientific papers, which are regarded 

to provide useful information on the state of the art of external event modelling.  

 

The literature database is subdivided into International Standards, National Standards, and Science Papers. The 

deliverable is treated as a “living document” which is regularly updated as necessary during the lifetime of 

ASAMPSA-E. The current content of the database is about 140 papers. Most of the articles are available as full-text 

versions in PDF format. 

 

The deliverable is available as an EndNote X4 database and as text files. The database includes the following 

information: Reference, Key words, Abstract (if available), PDF file of the original paper (if available), Notes 

(comments by the ASAMPSA_E consortium if available)  

 

The database is stored at the ASAMPSA_E  FTP server hosted by IRSN in the folder:   

“\ASAMPSA_E\01_WP21_External_Hazards\D21_1 Bibliography” 

 

The Endnote X4 database uses the following file and folder: 

 File:  ASAMPSA-E-WP21-D21_1_Existing_Guidance.enl –  the EndNote X4 database 

 Folder:  ASAMPSA-E-WP21-D21_1_Existing_Guidance.Data –   the PDF files of original papers accessible 

through the EndNote software  

The text file version uses the following file and folder: 

 File:  ASAMPSA-E-WP21-D21_1_Existing_Guidance.doc – Database contents in MS Word format, this 

document 

 Folder:  ASAMPSA-E-WP21-D21_1_Existing_Guidance_PDF – the PDF files of original papers 
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GLOSSARY 

 

 

ASN Autorité de Sûreté Nucléaire 

CNSC Canadian National Safety Commission 

EPRI Electric Power Research Institute 

IAEA International Atomic Energy Agency 

GRS Gesellschaft für Reaktorsicherheit 

KTA Kerntechnischer Ausschuss 

NEA-OECD Nuclear Energy Agency within the Organisation for Economic Co-operation 

and Development 

RHWG Reactor Harmonisation Working Group 

USNRC United States Nuclear Regulatory Commission 

WENRA Western European Nuclear Regulators Association 
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1 INTRODUCTION 

 

The present document provides a database of references on existing guidance for external event modelling. The 

following types of papers are collected: 

 

1. Internationally accepted guidelines published by IAEA, NEA-OECD and WENRA-RHWG on: 

a.  external event assessment;  

b. safety analysis;  

c. fragility assessment;  

d. design. 

2. National guidelines, regulations and safety standards for the assessment of different types of external 

hazards including papers published by ASN, CNSC, EPRI, GRS, KTA, USNRC and others. 

3. Scientific papers: selected key papers on the assessment of different types of external hazards. 

 

Chapter 2 presents the available formats of the database and information of the location of the files. The 

complete reference list is provided in chapter 3 and chapter 4 and contains - per reference - all information stored 

in the database. 
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2 BIBLIOGRAPHY 

2.1 ENDNOTE DATABASE 

EndNote is the industry standard software tool for publishing and managing bibliographies, citations and 

references on the Windows and Macintosh desktop1. The literature database includes the standard bibliographic 

data (author, year of publication, journal, editor etc.) along with key words, abstracts (if available), PDF files of 

the full paper (available for most of the papers), and links to web addresses of online papers (URL, uniform 

resource locator). 

 

The EndNote X4 database is divided into 3 groups: 

 International Standards: international guidelines and safety standards (30 documents) 

 National Standards: national guidelines, regulations and safety standards (54 documents) 

 Scientific Papers: selected recent key papers on hazard assessment (95 papers) 

 

 

The database is available at the ASAMPSA_E FTP server hosted by IRSN:   

“\ASAMPSA_E\01_WP21_External_Hazards\D21_1 Bibliography” 

 

The EndNote X4 database consists of the File ASAMPSA-E-WP21-D21_1_Existing_Guidance.enl and the   

Folder “ASAMPSA-E-WP21-D21_1_Existing_Guidance.Data”  

 

2.2 TEXT FILE AND COLLECTION OF PDF FILES 

To ensure accessibility of the bibliography for users not deploying the EndNote software, a reference list (chapter 

3 of this report, page 15) together with a collection of PDF files has been compiled. PDF file names refer to the 

first author (or editing organisation) of the paper as cited in the reference list.  

 

The PDF files are available at the ASAMPSA_E FTP server hosted by IRSN and can be found in the folder “ASAMPSA-

E-WP21-D21_1_Existing_Guidance_PDF”. For completeness, chapter 4 lists all information – per reference - 

contained  in the Endnote database. 

                                                      

 

1 Access to the bibliographic database can further be obtained by downloading a free version of EndNote from the 

website http://www.endnote.com/ by clicking on “download trial version”. This trial version gives limited 

read/write access for a period of 30 days. After expiration of this period, the program continues to work legally 

and indefinitely as a viewer for EndNote databases. 

 

http://www.endnote.com/
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Abstract: In NUREG/CR-4334 ("An Approach to the Quantification of Seismic Margins in Nuclear Power Plants"), the 
Expert Panel on Quantification of Seismic Margins presented a technique for studying the issue of quantifying 
seismic margins. As part of that technique, the panel included methods for simplifying the margins assessment by 
screening out components and systems using both systems and fragilities screening guidelines. At the time of that 
report, the panel was able to develop fragilities screening guidelines for all plants, however the systems screening 
guidelines applied only to PWRs (due to a shortage of BWR seismic PRAs upon which to base BWR systems screening 
guidelines). This report develops the BWR systems screening guidelines by utilizing the results of a number of BWR 
PRAs which have become available since the publication of NUREG/CR-4334. 
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Abstract: Based on a Policy Statement on Severe Accidents, the licensee of each nuclear power plant is requested 
to perform an individual plant examination. The plant examination systematically looks for vulnerabilities to 
severe accidents and cost-effective safety improvements that reduce or eliminate the important vulnerabilities. 
This document presents guidance for performing and reporting the results of the individual plant examination of 
external events (IPEEE). The guidance for reporting the results of the individual plant examination of internal 
events (IPE) is presented in NUREG-1335. 
URL: http://www.nrc.gov/reading-rm/doc-collections/nuregs/staff/sr1407/ 
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Abstract: Design criteria for nuclear power plants require, in part, that structures, systems, and components 
important to safety be designed to withstand the effects of natural phenomena, including floods, without loss of 
capability to perform their safety functions. The objective of this project is to provide the NRC with a technical 
basis for estimating probable maximum water levels due to storm surge from extreme events along the southern 
coast of the U.S. A review of the existing guidance was conducted and limitations in the technical basis for 
estimating storm surge identified. Required updates based on the most recent data available and state-of-the 
practice analysis methods, tools, and models are recommended for NRC consideration. A deterministic-
probabilistic approach for estimating very-low probability hurricane storm surges for design and licensing of 
nuclear power plants in coastal areas is developed. The proposed approach determines which factors affecting 
hurricane surges can be shown to have asymptotic upper limits and which factors should be treated within a 
context that allows for natural uncertainty in estimating an upper limit for surges at a specified site. The proposed 
approach is demonstrated through application at three nuclear plant sites. A screening method is also developed 
to determine if a prospective site is at risk of flooding from coastal storm surge. The proposed screening method 
includes criteria for proceeding or not proceeding to more detailed definitions of design-basis storm surges and 
explicitly considers local conditions and bathymetry that may affect water level estimates. 
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Abstract: For Probabilistic Tsunami Hazard Analysis (PTHA), we propose a logic-tree approach to construct tsunami 
hazard curves (relationship between tsunami height and probability of exceedance) and present some examples for 
Japan for the purpose of quantitative assessments of tsunami risk for important coastal facilities. A hazard curve is 
obtained by integration over the aleatory uncertainties, and numerous hazard curves are obtained for different 
branches of logic-tree representing epistemic uncertainty. A PTHA consists of a tsunami source model and coastal 
tsunami height estimation. We developed the logic-tree models for local tsunami sources around Japan and for 
distant tsunami sources along the South American subduction zones. Logic-trees were made for tsunami source 
zones, size and frequency of tsunamigenic earthquakes, fault models, and standard error of estimated tsunami 
heights. Numerical simulation rather than empirical relation was used for estimating the median tsunami heights. 
Weights of discrete branches that represent alternative hypotheses and interpretations were determined by the 
questionnaire survey for tsunami and earthquake experts, whereas those representing the error of estimated value 
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Abstract: This methodological reference was designed to guide EDF engineers and junior researchers in a study to 
estimate probability of occurrence of extreme events.  The guide, educational, contains a description of the basic 
steps for a study of extreme statistics to estimate the probability of occurrence of values of a few random 
variables. Examples related to natural hazards are reported in the second part of the guide 
'File' Attachments: internal-pdf://Bernadara_Parey_H-P73-2008-04551-EN-1378579495/Bernadara_Parey_H-P73-
2008-04551-EN.pdf 
Language: English 
 
Reference Type:  Journal Article 
Record Number: 89 
Author: P. Bernardara, Andreewsky, M., Benoit, M. 
Year: 2011 
Title: Application of regional frequency analysis to the estimation of extreme storm surges 
Journal: Journal of Geophysical Research  
Volume: 116 
Issue: C02008 
Short Title: Application of regional frequency analysis to the estimation of extreme storm surges 
DOI: 10.1029/2010JC006229 
Keywords: Flood hazard 
Storm surge hazard 
Abstract: Traditionally, extreme value theory is applied to single‐site series of surge observations in order to 
estimate the probability of occurrence of extreme events at that particular site. However, single‐site analyses give 
uncertain estimation of extreme quantiles, mainly because of the limited duration of observation periods. In order 
to reduce this uncertainty, regional frequency analysis (RFA) approaches suggest collecting information not only 
from a single‐site series but also from all (statistically) similar available series of observation. The use of RFA is 
widely increasing in geosciences, but few applications have been attempted yet for surge estimation. The aim of 
this study is to examine the applicability of RFA to extreme storm surges. The surge data observed at 18 French 
harbors, located on the Atlantic coast from the Spanish to Belgian borders, were collected. The series span a 
period of 30 years, on average, with the longest series going back to the 19th century. Stationary and independent 
samples of extreme surges (peaks over a given threshold) are extracted and their (statistical) homogeneity has 
been tested via heterogeneity and discordancy measures based on L moments. Homogeneous regions have been 
identified and, in order to merge information on frequency of occurrence of surges from all the sites, a surge index 
pooling method is defined. Finally, a regional frequency distribution has been estimated. The hypothesis and the 
applicability of RFA application are discussed, with some ideas for future developments in the research direction. 
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amount of variability in the seismic demands can depend on the ratio of the fundamental period of the structure 
to the period of the fling-pulse. 
'File' Attachments: internal-pdf://Hamidi_Jamani_et_al_2013_Flinge_Step-
0004473895/Hamidi_Jamani_et_al_2013_Flinge_Step.pdf 
Language: English 
 
Reference Type:  Conference Proceedings 
Record Number: 230 
Author: K. Jänkälä, Rantatainen, L., Vaurio, J. 
Year of Conference: 2004 
Title: Severe Weather Risk Assessment for Loviisa Power Plant 
Editor: C. Spitzer, Schmocker, U., Dang, V.N. 
Conference Name: PSAM 7 - ESREL 2004: Probabilistic Safety Assessment and Management 
Conference Location: 14-18 June 2004, Hotel-Intercontinental Berlin, Germany 
Publisher: Springer 
Pages: 1510-1515 
Short Title: Severe Weather Risk Assessment for Loviisa Power Plant 
Keywords: extreme weather 
meteorological hazard 
high wind 
Sea water level 
Oil spill hazard 
Extreme temperature 
seasonal variation 
PSA 
Fault tree 
power state 
shutdown state 
URL: http://link.springer.com/chapter/10.1007/978-0-85729-410-4_243 
'File' Atttachments: internal-pdf://Jänkälä_et_al_PSAM 2004_Severe_Weather-0355689473/Jänkälä_et_al_PSAM 
2004_Severe_Weather.pdf 
Language: English 
 
Reference Type:  Journal Article 
Record Number: 103 
Author: N. R. A. Japan 
Year: 2013 
Title: Outline of New Regulatory Requirements for Light Water Nuclear Power Plants (Provisional Translation) 
Short Title: Outline of New Regulatory Requirements for Light Water Nuclear Power Plants (Provisional 
Translation) 
Keywords: Tsunami hazard 
Vibratory ground motion hazard 
Seismotectonic hazard 
URL: http://www.nsr.go.jp/english/data/new_regulatory_requirements2.pdf 
'File' Attachments: internal-pdf://Japan_new_regulatory_requirements_2_earthquake_tsunami-
4057945638/Japan_new_regulatory_requirements_2_earthquake_tsunami.pdf 
Language: English 
 
Reference Type:  Journal Article 



 
 Bibliography – Existing Guidance for External Hazard Modelling 

 

 

 

Report IRSN/PSN-RES/SAG/2015-00082 Technical report ASAMPSA_E/ WP21/ D21.1 2015-09  v2      59/76  

 

 

 

ASAMPSA_E

Record Number: 159 
Author: A. F. Jones, Macklin, M.G., Brewer, P.A. 
Year: 2012 
Title: A geochemical record of flooding on the upper River Severn, UK, during the last 3750 years 
Journal: Geomorphology 
Volume: 179 
Pages: 89-105 
Short Title: A geochemical record of flooding on the upper River Severn, UK, during the last 3750 years 
Keywords: Flood hazard 
River flood hazard 
Paleoflood 
'File' Attachments: internal-pdf://Jones_et_al_2012_Flooding_UK-1741513781/Jones_et_al_2012_Flooding_UK.pdf 
Language: English 
 
Reference Type:  Conference Paper 
Record Number: 256 
Author: T. Kagawa 
Year: 2010 
Title: Probabilistic Approach Using Characteristic Source Model for Strong Motion Estimation, AV-15 
Conference Name: First Kashiwazaki International Symposium on Seismic Safety of Nuclear Installations  
Conference Location: 24-26 November 2010. Kashiwazaki, Japan 
Pages: 35 
Keywords: Seismic hazard 
seismic source 
'File' Attachments: internal-pdf://Kagawa_2010_Probabilistic_strong_motion_estimation-
1438999877/Kagawa_2010_Probabilistic_strong_motion_estimation.pdf 
 
 
Reference Type:  Journal Article 
Record Number: 130 
Author: E. Kalkan, Kunnath, S.K. 
Year: 2006 
Title: Effects of Fling Step and Forward Directivity on Seismic Response of Buildings 
Journal: Earthquake Spectra 
Volume: 22 
Issue: 2 
Pages: 367-390 
Short Title: Effects of Fling Step and Forward Directivity on Seismic Response of Buildings 
Keywords: Seismotectonic hazard 
Vibratory ground motion hazard 
Flnge step 
Capable fault hazard 
Abstract: This paper investigates the consequences of well-known characteristics of near-fault ground motions on 
the seismic response of steel moment frames. Additionally, idealized pulses are utilized in a separate study to gain 
further insight into the effects of high-amplitude pulses on structural demands. Simple input pulses were also 
synthesized to simulate artificial fling-step effects in ground motions originally having forward directivity. Findings 
from the study reveal that median maximum demands and the dispersion in the peak values were higher for near-
fault records than far-fault motions. The arrival of the velocity pulse in a near-fault record causes the structure to 
dissipate considerable input energy in relatively few plastic cycles, whereas cumulative effects from increased 
cyclic demands are more pronounced in far-fault records. For pulse-type input, the maximum demand is a function 
of the ratio of the pulse period to the fundamental period of the structure. Records with fling effects were found 
to excite systems primarily in their fundamental mode while waveforms with forward directivity in the absence of 
fling caused higher modes to be activated. It is concluded that the acceleration and velocity spectra, when 
examined collectively, can be utilized to reasonably assess the damage potential of near-fault records. 
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Abstract: This is the first of a series of papers on a study on next generation seismic probabilistic safety 
assessment methodology being conducted by the authors as a three-year project “Reliability Enhancement of 
Seismic Risk Assessment of Nuclear Power Plants as Risk Management Fundamentals”, which was started in 2012 
and is funded by the Ministry of Education, Culture, Sports, Science & Technology (MEXT) of Japan. This paper 
gives an overview of the program plan and a proposal of new mathematical framework of S-PRA. 1. Program Plan 
1.1 Objective. This project, focusing on uncertainty assessment framework and utilization of expertise, and finally 
by developing relevant computer codes to improve reliability of seismic probabilistic risk assessment (SPRA) and to 
promote its further use of the SPRA, develops methodology for quantification of uncertainty associated with final 
results from SPRA in the framework of risk management of NPP facilities. The following scope are set. 
1) Development of framework of probabilistic models for uncertainty quantification and Computer codes. 
2) Aggregation of expert opinion on structure/equipment fragility estimation and development of implementation 
guidance on epistemic uncertainty (modeling uncertainty). 
3) Study on applicability of SPRA to model plant 1.2 Expected goal 
(1) Study on probabilistic models and treatment of epistemic uncertainty 
a. Study on probabilistic models. Reviewing the current status of assessment procedures of accident sequence 
occurrence probability in the SPRA, this subprogram will develop a mathematical framework for estimating 
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uncertainty in SPRA results in a more comprehensive way taking into account uncertainty related to correlation 
effect of components failures and system modeling such as ET/FT (event tree/ fault tree), uncertainty of which it 
has been difficult to quantify so far. 
b. Development of computer code Based on SECOM2-DQFM developed by JAEA, the proposed mathematical 
framework will be built-in in order to make it possible to estimate the accident sequence occurrence probability 
and its uncertainty. 
(2) Study on quantification of epistemic uncertainty on fragility assessment 
a. Elicitation of expert opinion. As a first step, survey of literatures on elicitation procedures and on organization 
of multi-experts group is done. There are two different groups: experts in the field of buildings and soil ground, 
experts in the field of pipe and equipment. These groups will conduct a pilot study on the use of expert judgment 
elicitation for identification and quantification of parameters to be used in fragility analyses. 
b. Analytical study on building and soil ground A model plant is selected for seismic response analysis and 
sensitivity study. The model plant is based on a hypothetical plant on the actual ground site. In the first year of 
the project (FY2012) and available plant information and observed records will be surveyed to construct a 
standardized light water reactor buildings model, from which CAD data for 3-D analysis, mesh data, boundary 
condition data can be generated. Then this model will be used in the second and third years for various 
calculations to provide supporting information to the above expert group, including comparison of code prediction 
with observed building responses and sensitivity studies on the effects of uncertainty factors on the building 
response. This model will also be used for providing a set of building response data for use in component fragility 
analysis in the trial SPRA for a model plant.  
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Abstract: The existence of an increasing trend in average temperatures during the last 50 years is widely 
acknowledged. Furthermore, there is compelling evidence of the variability of extremes, and rapid strides are 
made in studies of these events. Indeed, by extending the results of the “extreme value theory” (EVT) to the non-
stationary case, analyses can examine the presence of trends in extreme values of stochastic processes. Definition 
of extreme events, their statistical significance as well as their interpretations have to be handled with great care 
when used for environmental concerns and public safety. Thus, we will discuss the validity of the hypothesis 
allowing the use of mathematical theories for these problems. To answer safety requirements, respect installation 
norms and reduce public risk, return levels are a major operational goal, obtained with the EVT. In this paper, we 
give quantitative results for observations of high temperatures over the 1950–2003 period in 47 stations in France. 
We examined the validity of the non-stationary EVT and introduced the notion of return levels (RL) in a time-
varying context. Our analysis puts particular accent on the difference between methods used to describe 
extremes, to perform advanced fits and tests (climatic science), and those estimating the probability of rare 
future events (security problems in an evolving climate). After enouncing the method used for trend identification 
of extremes in term of easily interpretable parameters of distribution laws, we apply the procedure to long series 
of temperature measurements and check the influence of data length on trend estimation. We also address the 
problem of choosing the part of observations allowing appropriate extrapolation. In our analysis, we determined 
the influence of the 2003 heat wave on trend and return-level estimation comparing it to the RL in a stationary 
context. The application of the procedure to 47 stations spread over France is a first step for a refined spatial 
analysis. Working on the behavior of distribution parameters while assessing trend identification is a primary tool. 
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Abstract: The climate change context has raised new problems in the computation of temperature return levels 
(RLs) in using the statistical extreme value theory. This arises since it is not yet possible to accept the hypothesis 
that the series of maxima or of high level values are stationary, without at least verifying the assumption. Thus, in 
this paper, different approaches are tested and compared to derive high order RLs in the nonstationary context. 
These RLs are computed by extrapolating identified trends, and a bootstrap method is used to estimate confidence 
intervals. The identification of trends can be made either in the parameters of the extreme value distributions or 
in the mean and variance of the whole series. Then, a methodology is proposed to test if the trends in extremes 
can be explained by the trends in mean and variance of the whole dataset. If this is the case, the future extremes 
can be derived from the stationary extremes of the centered and normalized variable and the changes in mean and 
variance of the whole dataset. The RL can then be estimated as nonstationary or as stationary for fixed future 
periods. The work is done for both extreme value methods: block maxima and peak over threshold, and will be 
illustrated with the example of a long observation time series for daily maximum temperature in France.  
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Abstract: The important role of the evolution of mean temperature in the changes of extremes has been recently 
documented in the literature, and variability is known to play a role in the occurrence of extremes, too. This 
paper aims at further investigating the role of their evolutions in the observed changes of temperature extremes. 
Analyses are based on temperature time series for Eurasia and the United States and concern absolute minima in 
winter and absolute maxima in summer of daily minimum and maximum temperatures. A test is designed to check 
whether the extremes of the residuals after accounting for a time-varying mean and standard deviation can be 
considered stationary. This hypothesis is generally true for all extremes, seasons, and locations. Then, the 
comparison between the directly fitted parameters and the retrieved ones from those of the residuals compares 
favorably. Finally, a method is proposed to compute future return levels from the stationary return levels of the 
residuals and the projected mean and variance at the desired time horizon. Comparisons with return levels 
obtained through the extrapolation of significant linear trends identified in the parameters of the generalized 
extreme value (GEV) distribution show that the proposed method gives relevant results. It allows taking mean 
and/or variance trends into account in the estimation of extremes even though no significant trends in the GEV 
parameters can be identified. Moreover, the role of trends in variance cannot be neglected. Lastly, first results 
based on two CMIP5 climate models show that the identified link between mean and variance trends and trends in 
extremes is correctly reproduced by the models and is maintained in the future. 
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Abstract: In this paper we present a methodology, data, and regression equations for calculating the fault rupture 
hazard at sites near steeply dipping, strike-slip faults. We collected and digitized on-fault and off-fault 
displacement data for 9 global strike-slip earthquakes ranging from moment magnitude M 6.5 to M 7.6 and 
supplemented these with displacements from 13 global earthquakes compiled by Wesnousky (2008), who considers 
events up to M 7.9. Displacements on the primary fault fall off at the rupture ends and are often measured in 
meters, while displacements on secondary (off-fault) or distributed faults may measure a few centimeters up to 
more than a meter and decay with distance from the rupture. Probability of earthquake rupture is less than 15% 
for cells 200 m×200 m and is less than 2% for 25 m×25 m cells at distances greater than 200 m from the primary-
fault rupture. Therefore, the hazard for off-fault ruptures is much lower than the hazard near the fault. Our data 
indicate that rupture displacements up to 35 cm can be triggered on adjacent faults at distances out to 10 km or 
more from the primary-fault rupture. An example calculation shows that, for an active fault which has repeated 
large earthquakes every few hundred years, fault rupture hazard analysis should be an important consideration in 
the design of structures or lifelines that are located near the principal fault, within about 150 m of well-mapped 
active faults with a simple trace and within 300 m of faults with poorly defined or complex traces. 
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Abstract: Regional frequency analysis (RFA) is a valuable and well-known method which allows using all the 
information at the regional scale to improve the actual estimation of the 
probability of occurrence of extreme events at a given site. In the framework of the index flood method, a local 
index, representing the local specificities of a given site, is used to normalize at-site observations for the 
estimation of the regional distribution. It is an essential feature of this model, contrasting with common 
characteristics shared between the sites of the homogenous region. However, the specification of the local index 
can be a crucial point. In particular, the performance of the quantile estimator derived from a RFA can depend on 
the specification of the local index. Four regionalization models are proposed, where the local index is specified 
by different statistics in each model, and their performances are assessed through Monte Carlo simulations of 
several regional scenarios. Some guidelines are provided for the selection of the local index which is most adapted 
to the observed situation (including regional scenarios characterized by some degrees of asymmetry, homogeneity 
and inter-site correlation). A practical application on extreme skew storm surges is provided to illustrate the 
results. 
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Abstract: This paper describes a model for human error probability (HEP) for seismic probabilistic safety 
assessments (PSAs) of nuclear power plants and its application. Considering the factors unique to seismic events 
such as level of seismic motion and stress to the operators, the authors adopted a model called a limited ramp 
model (LRM), where HEP is assumed to be the same as that for internal event PSAs for zero level of seismic 
motion, and then increases linearly with seismic level to a constant at a certain seismic level. This model was 
applied to estimate the effect of human error on core damage frequency (CDF). Here, operator actions in the 
accident sequences initiated by loss of offsite power were categorized into two groups, short term actions and 
medium/long term actions, and parameters of the LRM for the HEP for each action were determined from 
available information on shaking table tests and an existing human reliability analysis method. The results showed 
that the effect of human error on the CDF was not significant for this case and indicated that, the modeling 
approach presented here is useful for examining the importance of various operator actions in seismic events. 
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Abstract: We present a methodology for conducting a site-specific probabilistic analysis of fault displacement 
hazard. Two approaches are outlined. The first relates the occurrence of fault displacement at or near the ground 
surface to the occurrence of earthquakes in the same manner as is done in a standard probabilistic seismic hazard 
analysis (PSHA) for ground shaking. The methodology for this approach is taken directly from PSHA methodology 
with the ground-motion attenuation function replaced by a fault displacement attenuation function. In the second 
approach, the rate of displacement events and the distribution for fault displacement are derived directly from 
the characteristics of the faults or geologic features at the site of interest. The methodology for probabilistic fault 
displacement hazard analysis (PFDHA) was developed for a normal faulting environment and the probability 
distributions we present may have general application in similar tectonic regions. In addition, the general 
methodology is applicable to any region and we indicate the type of data needed to apply the methodology 
elsewhere. 
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