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COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS

The NEA Committee on the Safety of Nuclear Installations (CSNI) is an
international committee made up of senior scientists and engineers, with broad
responsibilities for safety technology and research programmes, and representatives from
regulatory authorities. It was set up in 1973 to develop and co-ordinate the activities of the
NEA concerning the technical aspects of the design, construction and operation of nuclear
installations insofar as they affect the safety of such installations. The Committee’s purpose is
to foster international co-operation in nuclear safety amongst the OECD member countries.
CSNI’s main tasks are to exchange technical information and to promote collaboration
between research, development, engineering and regulation organisations; to review the state
of knowledge on selected topics of nuclear safety technology and safety assessments,
including operating experience; to initiate and conduct programmes to overcome
discrepancies, develop improvements and reach consensus on technical issues; to promote co-
ordination of work, including the establishment of joint undertakings.
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Foreword

The CSNI Workshop on "Seismic Input Motions, Incorporating Recent Geological
Studies" was held from November 15 to 17, 2004 in Tsukuba, Japan, and was hosted by
National Research Institute for Earth Science and Disaster Prevention (NIED).

An optional technical tour to E-Defense facility and Nojima Fault close to Kobe took place on
Friday, November 19, 2004,

Recently, geologists have been actively studying deep geology of active faults including
deep bore holes drilled across these zones. Seismologists have been developing techniques to
estimate future ground motions. However these techniques include various uncertainties (e.g.,
due to the lack of a priori knowledge of fault zone asperities). Surveys of the structure of
capable faults and soil strata, by deepbore hole studies, on-site measurements and other
advanced methodologies may reduce these uncertainties. Engineers may improve the seismic
safety of NPPs through this more physical approach in addition to previous experience-based
methods.

~ In 1999, a workshop held at Brookhaven National Laboratories by the USNRC' addressed
the engineering characterization of seismic input and emphasized the potential benefit of the
collaboration between earth scientists and seismic engineers. It was followed in 2002 by a
workshop held in Istanbul® by TAEK where relations between seismological data and seismic
engineering analyses were examined. This Workshop was a continuation of these two
workshops that facilitated multi-disciplinary collaboration, and proved to be valuable to
seismic engineers in the nuclear field.

This workshop reviewed the state of the art in defining realistic seismic input for the
design and re-evaluation of nuclear facilities. Recent advances in source characterization of
fault zones using data from deep geological investigations and their possible contribution to
improvement of seismic input definition were reviewed. Regulatory aspects and trends in
OECD member countries and in countries deeply involved in seismic issues were addressed.
Engineering and seismic safety considerations were also discussed to give participants a
broad view of the entire process.

This paper copy contains the conclusions and recommendations from the Workshop as
well as abstracts of papers. A CD-ROM attached to this copy contains full papers and
presentations made at the Workshop.
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OECD/NEA Workshop on the Relations between Seismological DATA and Seismic
Engineering, Istanbul, 16-18 October 2002
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Conclusions and recommendations from the workshop

General considerations

Seismic issues are of great importance for the safety of nuclear installations.

New techniques and knowledge have emerged and significant progress has been made
- recently.

Learning lessons from individual earthquakes and from recordings of information using
the latest available technologies are vital. Locating faults, estimating their seismic potential,
and improving velocity models are recognized to require a muitidisciplinary approach, e.g.
geology, geophysics, paleoseismology. Improving resolution of the location and the geometry
of faults directly improves seismic hazard assessment and contributes to reduce uncertainties.

Technologies should be developed further and recording devices should be more
extensively installed to make the link between ground motions and structure responses.

The impact of new technologies and techniques outputs should be assessed along with
operational experience '

As appropriate, results of these assessments should be accounted for in regulations,

guidelines and design codes. This constitutes a major challenge for both seismologists and
engineers because of the elusive nature of ground motions and their excessive variability.

17



NEA/CSNI/R(2004)22

Session 1: Regulatory and seismological considerations

Although, to date, nuclear power plants have not experienced any damages due to
earthquakes, it is important that seismic work be pursued in this area because seismic hazard
is a major contributor to core damage frequency and can not be ruled out.

As an example, there are cases of unexpected problems resulting from earthquakes;
nuclear power plants have tripped at acceleration levels lower than the expected trip levels
showing that there may exist other parameters to be taken into account for the safety
evaluation of nuclear power plants. Plant trips always have the potential to challenge the
safety of the plant. Due to the specific nature of seismic hazard unexpected problems may
challenge shutdown by impacting redundant systems. The OECD-NEA/IAEA effort to collect
information on nuclear facilities that have experienced an earthquake should be pursued and
results assessed.

Diffuse seismicity regions

Nuclear power plants should to the extent possible be sited in aseismic or low seismicity
areas. Well known seismogenic sources may be far from the site or even not known precisely.
Consequently the seismic source that contains the site is often a ‘zone of diffuse seismicity’
(to use the terminology of the IAEA Safety Guide). Because there are few dispersed
epicenters and these are not well correlated with tectonic structures, these areas generally do
not attract the interest of researchers and therefore have a low amount of both geological and
seismicity data that is available prior to the selection of the site. In the process of site
* evaluation and contrary to what the IAEA Safety Guide recommends the largest efforts
appear to be concentrated on the well established seismogenic structures and the site area,
mainly for geotechnical studies (i.e. in the regional and site area scales). This leaves open
questions in the near region and the site vicinity and therefore both the seismic source
modeling (or absence of a model) and the parameters needed for the PSHA contain large
uncertainties, both epistemic and aleatory. Eventually the contribution of this zone of diffuse
seismicity is very significant and sometimes dominant. Then the analyst must content with a
situation in which the assessment of the hazard is dnven not by what he knows but what he
does not know. :

Uncertainties

Uncertainties are associated with the geological and seismological data, and subsequent
prediction of seismic motion. Although safety margins do exist in codes, the final hazard level
strongly depends on how the uncertainties are actually taken into account.

Uncertainties should be treated using the either deterministic or probabilistic methods
that would give the best result for the site considered. Focus should be on explaining how
uncertainties are treated and how they affect the results.

Probabilistic approaches provide estimates of the frequency of occurrence of the
earthquakes selected for design purposes, and allow a more exhaustive exploration of the
uncertainties on the hazard level due to both model uncertainties and random uncertainties.
By providing estimates of frequency of occurrence; these probabilistic methods give valuable
information on the reliability level of seismic assessment compared to deterministic
methodologies. Finally PSHA and DSHA can be used as complementary methods by
performing deaggregation of the probabilistic hazard. From a uniform hazard spectrum
associated with a return period, one can identify the sources most contributing in terms of
magnitude/distance from the site. :

For strong-motion evaluation, several parameters, i.e., they have great uncertainty, still
remain unknown (e.g. hypocenter location, rupture velocity, asperity locations). These
uncertainties should be accounted for when evaluating strong motions. Producing scenarios
covering the epistemic uncertainty and aleatory variability in source parameters is thus
necessary. '

18
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PSHA and PSA should ultimately go together to assess possible damages on systems and
on structures and components. .

Seismic codes

When seismic codes are reassessed or revised, they tend to include probabilistic
approaches as a way of estimating the frequency of occurrence of design events and of
including uncertainty.

Ground motion

Empirical ground motion prediction equation (attenuation relationships) can be used to
evaluate strong motion level with known uncertainty and to confirm physical models. Source
type may segregation improve prediction of strong ground motion.

The dynamics of rupture propagation is one of the most challenging issues in ground
motion computations in seismology. A constitutive law for the faults that correctly describes
the evolution of the interface stresses is needed for a reliable dynamic analysis.’

Dynamic rupture and near source ground motion simulation have been presented and are
promising techniques that should be pursued..

Different methods exist to generate ground motions. It is recommended that a round
robin should be organized to assess their respective strengths and weaknesses and to identify
areas where efforts should be made. (A similar exercise was performed after the Kobe
earthquake. It might be necessary to reassess methods with regard to the extensive knowledge
gained since).

Drilling deep boreholes is a useful technique that can improve knowledge and the basis

for predictions in terms of

v Source: Borehole data provide a clearér picture of the earthquake source.

v' Path: Borehole data is useful for examining crustal attenuation models.

v'  Site: Borehole arrays are useful for improving simulation techniques for ground
motion modelling of local soil conditions. Borehole data provides critical
observations for modelling dynamic soil behaviour at large strain.

It is recognized that the depth and number of boreholes are limited. Boreholes

technology applications should be complemented by other techniques such as geophysical
exploration techniques and geophysical observations such as gravity and magnetisms.

Several recent earthquakes (Parkfield-2004, Chuetsu-Niigata-2004) have yielded
considerable amounts of data that require further interpretation and understanding.
Characteristics of ground motions that deviate from anticipated patterns require
rationalization and assimilation into design procedures because they have important safety
implications. It appears that by facilitating dialogue among geologists, geophysicists and
engineers, the OECD/NEA can continue to play a constructive role in improving the
understanding of ground motions that may be generated within the near field area. A future
workshop may be devoted to the definition of geological and seismic investigations needed to
understand ground motions in the near field.

19
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Session 2: Application of deep borehole research and monitoring

Many studies find that asperities and the areas of faults that radiate high frequencies are
complementary (do NOT coincide with one another) but the uncertainties are large (even for
determining the locations of asperities). Further careful studies, using more data and
including studies of resolution and tradeoffs of parameters, are needed before definitive

~ conclusions can be reached.

Research is under way to use asperity characteristics to predict earthquake occurrences.
Techniques like tomography and transmission of seismic waves have been presented. They
respectively provide important information on the cause of asperity formation and suggest the
possibility of imaging asperities before the occurrence of large earthquakes, and are a good
indicator of precursory slip. The information from in situ measurement equipment is
extensively used to validate techniques and methods.

Networks like K-net, Kiknet and deep boreholes provide very useful and
complementary information.

Asperity Definition

Asperities are regions of high stress on the fault. After an earthquake has occurred, the
locations of high stress are inferred to be related to regions of large fault slip, which can be
identified from the inversion of seismological and geodetic data. Most seismologists
understand the term asperity to mean a region of large co-seismic slip on a fault.

Can asperities be identified before an earthquake? In some cases, it appears that the
same asperity broke in successive earthquakes, such as the 1952 and 2003 Tokachi-oki
earthquakes. The locations of asperities may in some cases be related to the presence of
offsets, bends, or other geometrical irregularities of faults.

Are asperities fixed in location, or do their locations on the fault move after an
earthquake has occurred?

Asperity Identification

v" ' Image asperities by tomographic identification of high velocity anomalies

v" Monitor change in contact state of fault by momtonng transmission of seismic
waves through the fault

v Recognize asperities from seismicity pattern change preceding megathrust
earthquakes

Asperity Characterization

v" Asperities that produce the strongest ground motion are deep (> 5 km)

v" Seismogenic layer has 6-20 km depth range in most of Japan ‘
v" Generally, weak correlation between high frequency radiation and low frequency
asperities

Method for estimating the effective stress of intraplate inland earthquakes

Deep borehole measurements of initial stress

Deep structure of fault zones and stress field around active faults can be 1nferred
from seismic strain measurements

AN NN

Identification of Buried Faults

v Identify buried faults using geophysical prospecting
v' Use fault zone guided waves to estimate the depth to the top of a buried fault and
the width of the fault zone

20
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Panel Discussion

It was not possible to give complete answers to all questions listed below within the
allowed time frame. Some answers have been provided in presentations during the workshop.
Nevertheless questions raised by experts can sometimes be as valuable as answers by
hlghhghtmg their concerns..

What is deep borehole drilling?

How deep is deep?

What are asperities?

Have any of you been personally involved in deep borehole drilling?

If yes, for what purposes and how have you used the results? Research purposes or

practical purposes?

Is deep borehole drilling useful for earthquake prediction?

Is deep borehole drilling effective for detecting buried faults? Is it practical?

Is deep borehole drilling a promising technique? To whom and for what purposes?

If not practical now, is there any possibility for deep borehole drilling to become a

practical technique?

v' What may be the weak points of deep borehole drilling? Is it expensive? How
expensive? Who is going to do deep borehole drilling?

v Is it possible to directly use deep borehole drilling for design purposes?

v' How effective is deep borehole drilling in reducing uncertainty in defining input

motions?

Is it possible to incorporate deep borehole drilling in design codes and standards?

Probabilistic / stochastic /simulation /hybrid /Green’s function / PSA/ versus Deep

Borehole Drilling

AN N NN

AN

AN

What are the uses of deep boreholes?

An obvious answer is because we cannot measure some parameters from the surface and
also because we need to remove spatial variability due to near-surface effects. Potential uses
are:

Detection of buried faults

Earthquake prediction

Design purposes

Reduction of uncertainties in defining input ground motions
Research purposes — geophysical studies of known faults
Incorporation into codes and standards

AR NN NA N

Deep boreholes can be used for measuring pore pressure in rock mass and in fault zone,
creep, studying the microseismicity, strain around the fault zone, evolution of the velocity
using wave generator and for monitoring.activity of a zone. One important feature is to
measure parameters continuously. In addition they can be of great interest for high level waste
storage.

How Deep do Boreholes Need to Be?

There is evidence that the strongest ground motions originate from asperities that are
deeper than about 5 km. - Earthquakes that produce large shallow faulting have asperities at
depths less than 5 km, and tend to produce weaker ground motions.

Apart from cost consideration, it obviously depends on what results are expected.
Between 1-3 km, the mechanics of the shallow crust can be studied. Below that, more
information from the source of the earthquake and on asperities can be obtained.

Kik-net type stations surrounding potential sources are important for site effect and
ground motion. Deep borehole provides other type of information.
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What are the Costs of Boreholes?

Deep borehole drilling is very expensive. Japanese sources quoted about $1000 per meter
(between M$30 to M$50 total for a deep borehole). This is one of the shortcomings of this
technique. However cost must be balanced with expectations and information from a limited
number of deep boreholes may be complemented by other less expensive techniques like the
K-net network data.

Inferences

As of today, deep borehole drilling is more useful for research purposes than for practical
purposes. However, it definitely seems promising for engineering purposes in the future, and
scientists and engineers need to work together in a more collaborative manner, because their
integrated efforts are what is missing today. ’

It would be valuable to benchmark data from deep borehole results from the Parkfield
carthquake to assess capabilities in predicting site effects.
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Session 3: Engineering considerations

New developments in technology improve our understanding of the behavior and
potential for damage of structures under the dynamic loads of earthquakes. They allow real-
time uses of streamed data in making informed decisions by owners/users. Displacement
measurements are their infancy but are promising (using GPS and real-time double
integration). :

Seismic input into a structure is a predominantly local effect. Soil properties exhibit
considerable variation even within “homogeneous™ layers. Deterministic approaches based on
either the “expected” value or the “equivalent” value, or conservative extremes may be
misleading. Considering the uncertainty in site response may help to generate more realistic
input into structures.

Work on characterization of damage parameters of seismic input motions should be
pursued. ,

Time histories provide very important information. Natural and simulated time histories -
may lead to equivalent damage if they are generated or selected based on (or compared to)
ground response spectrum and on other ground response parameters

Simulations of structure responses (e.g. reinforced concrete shear wall, piping, pile) and

soil structures interaction under ground motions as well as tests of real structures to
understand the response of the structure are still ongoing.
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Session 4: Seismic safety considerations

There is a tendency to consider that the adequacy and sufficiency of seismic safety
design should be confirmed by risk assessment.

Accounting for uncertainties using probabilistic methods is valid for both the evaluation
of seismic ground motion and the seismic response analysis to finally obtain estimates of the
frequency of accident scenarios.

Several structural models allow for an accurate estimate of the response of the structure
providing the time history is known. '
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Introductory Session

Contributions:

-OECD/NEA activities on the definition of seismic input motions for the safety of nuclear

facilities 27
Mr P. Sollogoub (CEA- FR), Mr E. Mathet (OECD/NEA- FR)

-An OECD perspective and Workshop final products 29
Mr. E. Mathet (OECD/NEA- FR)

-Greetings from MEXT and METI
Mr T. Nakamura (MEXT- JPN) and Mr S. Kawahara (METI- JPN)

-Safety of Nuclear Power Plants- NSC’s View on Recent Technology Development 31
Dr. Y. Soda (NSC- JPN)

25







NEA/CSNI/R(2004)22

OECD/NEA ACTIVITIES ON THE DEFINITION OF SEISMIC INPUT
MOTIONS FOR THE SAFETY OF NUCLEAR FACILITIES

P. Sollogoub *, E. Mathet °
a Commissariat a 'Energie Atomique, France
b OECD/NEA, France

Under the auspices of the Nuclear Safety Division are two senior committees dealing with

regulatory aspects (CNRA) and safety-related R&D aspects (CSNI) of the safety of nuclear
installations. Under these two committees activities relevant to the seismic behavior of
components and structures are carried out under the Working Group (WG) on the Integrity
and Aging of Components and Structures. There is cooperation with the WG on Risk when
deems necessary. These groups make recommendations to the senior committees with the
objective to exchange information, overcome discrepancies and reach international consensus
on technical issues. Working Groups usually operate through annual plenary meetings,
workshops, state-of-the-art reports, Topical-Opinion Papers. They are attended by high level
experts from Member countries Safety Authorities, researchers, experts from utilities and
representatives from other International Organizations (IAEA, EC).
Since the beginning of the Seismic group, the necessity of improving procedures for
definition of input motions has been highlighted. This paper will present recent activities of
the Seismic group relative to the definition of seismic input motions and the different steps
which have led to today’s Workshop.

This paper is solely intended to present conclusions and recommendations from the series
of CSNI workshops on the definition of seismic input motions.
Starting from regulatory considerations on seismic design and reevaluations, the group
logically worked through the different steps needed to the evaluation of seismic input
-motions. From regulators to engineers, to seismologists and today to geologists, the group
aimed to obtain a clear view of existing and future techniques and methodologies to safely
design, operate and regulate muclear facilities. It is believed that it is also through a
continuous dialogue between the different expertises that the safety of our installations could
be ensured. This series of workshop has proved to be an excellent forum of exchange of
information between communities.
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AN OECD PERSPECTIVE AND WORKSHOP FINAL PRODUCTS
Eric Mathet (OECD/NEA-France)

Good morning,

My name is Eric Mathet, I work for the OECD Nuclear Energy Agency. I first would like to
thank Prof Katayama, Mr Soda, Prof Nariai for their participation that sets the high level of
interest from nuclear regulatory institutions and consequently their high expectations. I am also
delighted to see such a large audience that is a good mix of geologists, seismologists and
engineers from so many countries and I thank YOU for your participation.

The 3 presentations you heard before set up the technical scene for the workshop. I would like to
put this workshop in a broader perspective: our work during this workshop should benefit to
the safety of nuclear installations: to achieve this, your participation in preparing
conclusions and recommendations is needed.

I will first talk about the OECD NEA Committee of the Safety of Nuclear Installations that
decided to hold this workshop, its link to OECD Member countries and its link with you. In a

more practical manner, I will then tell you about what we are expecting as a final product of this
Workshop.

CSNL

The CSNI is composed with senior researchers from Member country organizations responsible
for the research for the safety of nuclear installations within their country. Their main concern is
clear: ensuring the safety of nuclear installations by promoting research and development.

The CSNI works through Working Groups composed of experts in technical areas dealing with
nuclear facilities, as most of you are. :

Seismic design or seismic reevaluation is a key issue for many regulators and an important
concern for the industry and for the public in general.

Knowing about implications of new techniques on safety, their capabilities, weaknesses, when
they would be available, what additional research is needed, where have we made progress, how
accurate these new techniques will be or already are, how this new knowledge could be
incorporated into codes and design rules, how can we fill the gaps, how can CSNI make nuclear
installations safer. THIS is important to them.

Let me give you an example:

In 1999, fire experts recommended to CSNI during a workshop that fires in nuclear installations
be compiled in a database with enough information for fire PSA analysis and subsequently for
regulatory applications. The CSNI supported the recommendation and requested the NEA to set
up such a project. The project is now been running for a year and a half to the satisfaction of fire
experts. As an example, analyses are performed to study the time of mterventwn of fire brigades
to study the impact on safety of relying on outside fire brigade.

And this is where we can greatly benefit for this workshop: conclusions and recommendations
for further actions on today’s topic.
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WORKSHOP FORMAT:

The workshop is divided into sessions, each of them followed with some time available for
technical discussions. This time is for you to propose your conclusions and recommendations.

' The final session will integrate and make consistent all your remarks before presentation to CSNI
members. '

Of course we understand is not easy for such a large audience to express its point of view.
Chairpersons, panel members and speakers will have a key role in presenting you some starting
points for discussion.

As a conclusion, this workshop is part of a broader scope aiming to ensure the safety of nuclear
installations. Through the dialogue of the 4 expertises represented today, Conclusions and
recommendations will come out and will present an integrated view on seismic hazards and on
how we can build safe structures.

I would like‘to thank you again and I wish you a successful and beneficial workshop.
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SAFETY OF NUCLEAR POWER PLANTS-
NSC’S VIEW ON RECENT TECHNOLOGY DEVELOPMENT

Dr. Y. Soda (NSC, JPN)

Contribution on the CD-Rom.
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Keynote speeches

Contributions:

-How to support the Administration Job of Nucelar Safety for the Government as a “Cent
Excellence”in Japan 35
Dr. H. Nariai (JNES- JPN)

-Purpose and Target of Special Session in this Workshop 37
Prof. H. Shibata (NIED- JPN)

-Differences in earthquake source and strong ground motion characteristics between shallow
and buried faulting 39
Dr. P. Somerville (URS Corporation- USA)

-“Fault mechanics and seismic hazard in the rift of Corinth, Greece” 41
Dr. P. Bernard (IPGP- FR)

-Asperity Study, Recent Research Development and Future Direction 43
Prof. K. Irikura (Kyoto University- JPN)

-Report on the Parkfield earthquake 45
Dr. D. Boore (USGS- USA)

-Report on the Chuetsu, Niigata earthquake 47
Dr. Y. Okada (NIED- JPN) '
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HOW TO SUPPORT THE ADMINISTRATION JOB OF NUCLEAR SAFETY
‘ FOR THE GOVERNMENT AS A “CENT EXCELLENCE”IN JAPAN

Dr. H. Nariai (JNES, JPN)

Contribution on the CD-Rom.
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PURPOSE AND TARGET OF SPECIAL SESSION IN THIS WORKSHOP

SHIBATA, Heki, Prof.-Dr.
National Research Institute for Earth Science and Disaster Prevention, Japan

This short article is for the explanation on subjects, which are going to be discussed in
the Special Session of this Workshop.

To keep the seismic safety of nuclear power plants, it is necessary to predict the related
future event as well as objectively. The technique of a deep borehole has been developed, and
how to utilize it to find hidden faults and to estimate asperity and other significant
informations on active faults, which have potential effect to nuclear power plants.

If ten units make one plant, the total construction cost might be $4B, then to keep their
seismic safety, we spend some amount for geological survey. The cost of such surveys could
be even more than $100M, which allows us to drilling ten or more holes, and the survey
results may be sufficient to obtain such information to keep their seismic safety.

The author describes how to access these issues based on engineers’ knowledge to
transfer the points of discussions to our colleagues in this Workshop.
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DIFFERENCES IN EARTHQUAKE SOURCE AND STRONG GROUND
MOTION CHARACTERISTICS BETWEEN SHALLOW AND BURIED
FAULTING

Paul Somerville
URS Corporation
USA

Earthquakes typically nucleate near the bottom of the seismogenic rupture zone in the
crust. Large earthquakes usually break the surface, but small earthquakes usually do not. If it
is assumed that all of the slip on a fault occurs during earthquakes, then larger earthquakes
are characterized by relatively larger amounts of shallow slip than are smaller earthquakes.
The ground motions generated by earthquakes that do not have large shallow asperities are
stronger than those of earthquakes that do. Recent large earthquakes having large surface
slip, including the 2002 Denali, 1999 Kocaeli, and 1999 Chi-Chi events, have surprisingly
weak ground motions at short and intermediate periods. These new observations are
consistent with our finding from previous earthquakes that the strong ground motions of
earthquakes that have shallow asperities are weaker than the ground motions of events whose
asperities are all deep.
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-“FAULT MECHANICS AND SEISMIC HAZARD IN THE RIFT OF
CORINTH, GREECE”

Dr. Bernard (IPGP, FR)

Contribution on the CD-Rom.
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ASPERITY STUDY, RECENT RESEARCH DEVELOPMENT AND FUTURE
: DIRECTION

Prof. K. Irikura (Kyoto University, JPN)

Contribution on the CD-Rom.
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REPORT ON THE PARKFIELD EARTHQUAKE

Dr. D. Boore (USGS, USA)

Contribution on the CD-Rom.
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'REPORT ON THE CHUETSU, NIIGATA EARTHQUAKE

Dr. Y. Okada (NIED, JPN)

Contribution on the CD-Rom.
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SESSION 1

Regulatory and seismological considerations
Dr Y. Kitada (JNES-JPN), Dr C. Berge-Thierry (IRSN-FR)

Contributions:

-Probabilistic Seismic Hazard Analysis Using Physical Constraints (An Interpretation of the

IAEA Safety Guide on Evaluation of Seismic Hazards for NPPs) ' 51
Dr A. Giirpinar (IAEA)

-Determination of the Seismic Input in France for the Nuclear Power Plants Safety: regulatory

context, hypothesis and uncertainties treatment. 53
Dr C. Berge-Thierry (IRSN-FR) _

~ -On the Upgrading of Japanese “Examination Guide for A seismic Design of K1014 Nuclear

Power Reactor Facilities” 55
Mr. S. Kawahara (METI-JPN)

-Outline of strong-motion evaluation in national seismic hazard mapping project of Japan 57
Dr H. Fujiwara (NIED-JPN)

-Using borehole array data for ground motion prediction: separating source, path and side

effects 59
Dr. J. Steidl (UCSB-USA)

-Recent findings integrated for seismic hazard assessment: the case study of the Durance

fault . 61
Mr M Cushing (IRSN-FR)

-On the simulations of broadband strong ground motions for moderate earthquakes along the

Durance fault, France ' 63

My D. Baumont (IRSN-FR)

-Broadband Nonparametric Ground-Motion Evaluation of Horizontal Shear-Wave Fourier

Spectra : 65
Mr K. Yun (KEPRI-KR)

-Influence of tensile cracks generation during shear rupture on seismic near source ground

motion 67
Prof J. Riera (Universidade de Rio Grande do Sul- BZL)

-Attenuation relation of strong motion with geological site classification of predominant

period in Japan 69
Mr. T. Takahashi (Shiloku Electric Power Co- JPN)

-Parametric Studies of Source and Site Effects for the Generation of Groundshaking

Scenarios : 71
Mr F. Romanelli (University of Trieste-IT) '
-Active Fault Drilling-stress, strength and structure in fault zones 73

Dr. K. Omura (NIED- JPN)

49







NEA/CSNI/R(2004)22

PROBABILISTIC SEISMIC HAZARD ANALYSIS USING PHYSICAL
CONSTRAINTS

(An Interpretation of the IAEA Safety Guide on Evaluation of Seismic Hazards
for NPPs)
" Aybars Giirpinar, International Atomic Energy Agency

This paper provides insights and interpretations to the recommendations of the IAEA
Safety Guide on “Evaluation of Seismic Hazards for Nuclear Power Plants” (NS-G-3.3,
2002). The objective is to make the Safety Guide more useful to the analyst by giving some of
the background information related to the discussions that went on in the working group, both
in the development of this revision as well as in the resolution of the numerous official
comments received from Member States.

The IAEA Safety Guide NS-G-3.3 (2002) and its predecessor (50-SG-S1, Rev. 1, 1991)
have been used extensively in the review of NPP sites worldwide. Going from the Safety
Guide of 1991 to that of 2002, several major modifications were incorporated. These involved
mainly the following: (1) a better separation of the site evaluation aspects from those of
design, especially in the treatment of response spectra concepts, (2) more emphasis on the
probabilistic seismic hazard analysis (PSHA) aspects, (3) more guidance and emphasis on
paleoseismological studies. The paper will provide coinmentary mostly on items 2 and 3.

The probabilistic seismic hazard evaluation has been an IAEA requirement since 2000.
This is because a Probabilistic Safety Assessment (PSA) is a requirement for all nuclear
power plants. As seismic events constitute an initiator to the PSA, the definition of the
seismic curve becomes necessary. Some differences exist between the PSHA used for design
purposes and that used as the input information for an external PSA study. In the latter the
annual frequencies of exceedance may well go to 10°® levels in order to bracket the possible
contributions of seismic initiators to core damage frequencies. This places additional burdens
on the PSHA analyst and the discussions on the availability and adequacy of seismic data to
calculate such low probabilities are revived.

In fact, the recommended methodology for seismic hazard analysis in IAEA Safety Guides
has been based on the seismotectonic approach since 1991. This basically means that seismic
data is only part of the data that should be considered in seismic hazard analysis. In fact, in
order to enhance the database it is now recommended to perform paleoseismological studies,
which is the other major item to be discussed in the paper.

Several recent case histories will be cited as examples for the application of the IAEA
Safety Guide to Nuclear Power Plants.
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DETERMINATION OF THE SEISMIC INPUT IN FRANCE FOR THE NUCLEAR
POWER PLANTS SAFETY: REGULATORY CONTEXT, HYPOTHESIS AND
UNCERTAINTIES TREATMENT.

C. Berge-Thierry , Cushing M. O. Scotti and F. Bonilla.
IRSN -France

The French metropolitan territory is characterized by moderate seismicity. Seismic hazard assessment
for nuclear facilities is guided by a regulation based on a deterministic approach. This regulation
(RFS2001-01) has been recently revised mainly to account for scientific improvements in the field of
paleoseismology and site effects. According to the regulation, seismic hazard assessment at a site requires
to identify the characteristics of the “Maximu'm Credible Earthquake” (MCE), selected from the historical
and instrumental seismic catalogs (covering 1000 years). Two safety margins are considered: the first
consists in translating the reference event in the most penalizing position for the site, the second, consists
in increasing the magnitude of the MCE by 0.5 units (defining the Safe Shutdown earthquake SSE). If the
latter is homogeneous from one site to the others, the first margin strongly depends on the zonation
scheme. The seismic input is represented by a response spectrum computed using an empirical attenuation
relationship (Berge-Thierry et al., 2003), distinguishing rock and soft soil conditions. Only the mean
motion prediction is considered in the RFS2001-01. Depending on how each uncertainty is treated,
seismic input prediction at a site can significantly vary from one expert to the other. The probabilistic
approach, recently developed and applied at the Tricastin NPP helps to appreciate the conservative of non-
conservative level of such deterministic estimates.
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ON THE UPGRADING OF JAPANESE “EXAMINATION GUIDE FOR
ASEISMIC DESIGN OF NUCLEAR POWER REACTOR FACILITIES”

Kenji Takashima and Shuji Kawahara
Ministry of Economy, Trade and Industry (METI), Japan

Various technologies related to aseismic design have been advanced, since “Examination Guide
for Aseismic Design of Nuclear Power Reactor Facilities” (Examination Guideline) was
established 20 years ago. Through the experiences of big earthquakes including Hyogo-ken Nanbu
Earthquake (Kobe Earthquake), the latest knowledge related to earthquakes and earthquake
- ground motions has been accumulated. By taking into account these advanced technologies,
experiences and the knowledge, it is commonly recognized by Japanese experts on seismology
and seismic engineering that some upgrading of the Examination Guideline is necessary to
enhance the reliability of seismic safety of nuclear power plants (NPPs) based on the latest
knowledge. '

Standing on this background, a taskforce for performing works to upgrade the Examination
Guideline has been being organized in Nuclear Safety Commission of Japan under the special
committee on Nuclear Safety Standards and Guides. The taskforce has organized three Working
Groups (WGs) to discuss the highly specialized items relating to the Examination Guideline.
These are WG on basic frameworks, WG on facility and WG on earthquake and design ground
motions.

The works are currently on going however some outlines of the upgraded Examination
Guideline will be opened to the public by the end of this fall. Therefore we will be able to
introduce then comparing with the existing Examination Guideline at the force coming
OECD/NEA workshop in Tsukuba. In our presentation we will bring special focus on the input
- ground motions to be used for an NPP design from a viewpoint of examiner in METI on seismic
design.
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OUTLINE OF STRONG-MOTION EVALUATION IN SEISMIC HAZARD
MAPPING PROJECT OF JAPAN

. Hiroyuki Fujiwara
National Research Institute for Earth Science and Disaster Prevention, Japan

The National Research Institute for Earth Science and Disaster Prevention (NIED) has carried
on the special research project ‘National Seismic Hazard Mapping Project of Japan’ to support
the preparation of the National Seismic Hazard Maps made by the Headquarters for Earthquake
Research Promotion. The seismic hazard maps consist of two kinds of hazard maps. One kind of
hazard map is a probabilistic seismic hazard map that shows information predicting possibility
that a certain area is attacked by a strong ground motion in a certain term by means of probability.
The other kind of hazard map is a scenario earthquake shake map with a specified seismic fault.
As the first step in preparations for producing the seismic hazard maps, which are scheduled to be
completed by the end of fiscal year 2004, preliminary versions of the probabilistic seismic hazard
- maps for restricted regions and seismic hazard maps for several scenario earthquakes have been
made. In this article, the outline of methodologies to evaluate strong-motion distributions both for
the probabilistic seismic hazard maps and for the scenario seismic hazard maps is presented.
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USING BOREHOLE ARRAY DATA FOR GROUND MOTION PREDICTION:
SEPARATING SOURCE, PATH, AND SITE EFFECTS

Jamison Steidl, Dominic Assimaki, Julia Oakes, Kenichi Tsuda, and Ralph Archuleta, University
of California at Santa Barbara, USA

Strong ground motion is a combination of the effects of the local site conditions, the path
conditions from source to site, and the properties of the earthquake source. Only by understanding
all of these contributions can we better predict the ground motions and related hazard from future
damaging earthquakes. Borehole array data are a critical component in separating the observed
surface ground motions into these components. Often the effects of near-surface amplification
and attenuation can cloud our view of the source process and only by removing the effects of the
soil column can we improve our understanding of the source. Having the input motion recorded
by borehole arrays within and below the soil column provides the input motions that give us the
ability to examine both the properties of the source and path and at the same time calibrate our
methods for simulation of dynamic soil behavior at large shaking levels. :

In this paper we examine borehole array data at a number of sites in California as well as
Kik-Net sites in Japan. The borehole data are used to calculate moment and corner frequency
source parameters, as well as frequency dependent path attenuation parameters, by fitting the
observed borehole spectra to a pre-defined source model. The scaling of the earthquake source is
a controversial subject in the recent literature, with an important factor being how the near-
surface attenuation is accounted for. These source parameter estimates from borehole
observations are much less affected by this problem and with enough data spanning a wide
enough range in earthquake moment, we may eventually be able to resolve some of this
controversy.

The borehole data is also used along with the surface motions as input to an optimization
routine that calculates soil profile properties. Using soil profile properties calculated with small
earthquakes provides the linear site response functions. The linear site response is then compared
with the site response functions estimated from larger earthquakes with higher amplitude motions
where the soil response is not expected to be linear. Using the Miyagi-Oki earthquake
observations from Kik-Net stations, we find compelling evidence of nonlinear soil behavior when
making this comparison. The amplitude levels from most of the borehole array data in California
are just at the limit of where we might expect nonlinearity to affect the observations, and the
results to date with respect to nonlinearity are inconclusive with the exception of a few select
sites. At sites where the soil material is saturated and ground motion amplitudes are large, we
have used the borehole array data to validate nonlinear soil behavior models for predicting ground
motion with some success.
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RECENT FINDINGS INTEGRATED FOR SEISMIC HAZARD ASSESSMENT: THE
CASE STUDY OF THE DURANCE FAULT

Cushing M., H. Aochil, S. Baize!, D. Baumontl, 0. Bellierz, C. Berge-Thierryl, 0. Scotti’,
P. Volant',
1 IRSN, France
2 Université d’ Aix—Marseille III, France

In France, seismic hazard assessment for nuclear facilities is guided by a specific regulation based on
a deterministic approach. It has been recently revised (RFS2001-01) to account for scientific
improvements such as paleoseismology, site effects and other geological topics. This contribution presents
the seismic hazard assessment for a nuclear site close to the Durance fault, one of the most active faults in
France.

Thanks to numerous studies conducted during the last decade (e.g. seismic lines re-interpretations,
geomorphological analysis, paleosismicity trenching, subsurface geophysical investigations, cosmogenic
nuclides dating and geodetic and seismological surveys), the seismo-tectonic behavior of the Durance
Fault is better constrained. This includes better estimates of the fault geometry and segmentation, focal
mechanisms, historical and paleo —seismicity, short and long term velocities, that are now
integrated to better assess the seismic hazard of neighboring nuclear facilities and its related
uncertainty.
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ON THE SIMULATIONS OF BROADBAND STRONG GROUND MOTIONS FOR
MODERATE EARTHQUAKES ALONG THE DURANCE FAULT, FRANCE

Baumont D.l, J. Ruizl, P. Bemardz, C. Berge-Thierryl, and M. Cushing1
1 IRSN, France
2 Paris Geophysical Institute, France

In France, the seismic hazard assessment for nuclear facilities is guided by a specific regulation
_ based on a deterministic approach (RFS2001-01). In this framework, the largest historical events are
modeled as punctual sources (magnitude and hypocentral distance), and the seismic hazard is
evaluated thanks to empirical attenuation laws. Nevertheless, the extent and geometry of the fault, and
the complexity of the rupture produce a large variability of the ground motion, in particular in the
vicinity of the fault. This contribution presents the broadband strong ground motion simulations close
to the Durance fault, one of the most active faults in France. We assume k> kinematic source models
to generate accelerograms at frequencies up to few tens of Hz. To properly model the apparent
directivity, we consider a propagating pulse associated to a k-dependent source function and a constant
rupture velocity. Complete Green’s functions are performed using the discrete wave number method
coupled to the reflection coefficient propagator technique. Various rupture scenarii (asperity rupture
model, distributed heterogeneities) of moderate earthquakes are tested to evaluate the variability of the
ground motions. '
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BROADBAND NONPARAMETRIC GROUND-MOTION EVALUATION OF
HORIZONTAL SHEAR-WAVE FOURIER SPECTRA

Kwan-Hee Yun”), Dong-Hee Park?, J eong-Moon Seo?
1) Korea Electric Power Research Institute, Korea
2) Korea Atomic Energy Research Institute, Korea

The nonparametric method was employed to obtain detailed broadband attenuation
characteristics of horizontal Fourier spectra for small earthquakes and the bias attributed to
the nonuniform distribution of earthquake magnitudes over the recorded distance was
corrected. The bias was evaluated based on the difference between nonparameterically
inverted path terms applied to the two types of simulated data. One dataset is generated by
using the inverted source and path model parameters for three types of Q models and the
other is generated by using the same model parameters only with the replacement of different
values of inverted source parameters with the same values assigned to all the seismic sources.
The inverted path terms with the bias correction show three distinct linear regions roughly
divided by hypocentral distances at 65km and 115km. Also, the use of Q model(Qf") was
validated over the frequency band between 3-30Hz and distance range beyond 200km while
complex behavior at the near distance range below 100km was revealed which can not be
properly fitted by combination of Qof" model and geometrical spreading models. In addition,
mixing of wave phases was found in the low frequency band within the time window for
spectral calculation beyond 200km in epicentral distances. The nonparametrically evaluated
attenuation characteristics of Fourier spectra are expected to be used as the reference to
evaluate the Ground-Motion attenuation relations.
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INFLUENCE OF TENSILE CRACKS GENERATION DURING SHEAR
RUPTURE ON SEISMIC NEAR SOURCE GROUND MOTION.

Dalguer L.A.l; 1.D. Riera® and K. Irikura®
San Diego State University, USA.
2Universidade Federal de Rio Grande do Sul, Brazil.
3Kyoto University, Japan.

In recent studies the authors consider the possibility of occurrence of tensile crack generation
near the free surface during faulting. The main assumption is that the dynamic tensile stress
created during the shear rupture process would be dominant over the background stress near the
free-surface. Our proposed model was able to simulate the mechanism of cracks developed as a
flower like-structure surrounding the shear fault in the vicinity of the free surface (Dalguer et al.,
2003, JGR, 108-B3) and explain some aspects of the fracture zones found after the 2000 Tottori
earthquake (Dalguer ef al., 2003, BSSA, 93). Herein we study the effects of these cracks on the
ground motion. The results show that the ground motion suffers a drastic change, mainly in the
normal and vertical components that are almost doubled when compared with the results of
standard dynamic simulations. The cracks that reached the free-surface are the main cause of
these changes. In addition, these cracks generate short wavelengths, suggesting that the
occurrence of tensile cracks may contribute to the generation of high frequency ground motion.
This study underlines the importance of dynamic source models for prediction and evaluation of
seismic records and the need of a close cooperation between seismologists and engineers in this
area.

This paper was not presented at the workshop.
The contribution is on the CD-Rom.
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ATTENUATION RELATION OF STRONG MOTION WITH GEOLOGICAL
SITE CLASSIFICATION OF PREDOMINANT PERIOD IN JAPAN

Toshimasa Takahashi, Akihiro Asano, Taketoshi Saiki, Hidenobu Okada, Kojiro
Irikura, John X. Zhao, Jian Zhang, Hong K. Thio, Paul G. Somerville, Yasuhiro
Fukushima and Yoshimitsu Fukushima’ Japan

Seismic input motion can be estimated by theoretical, semi-empirical and empirical
methods. If there is scope for precise modeling of source, path and site effects, theoretical
methods can provide appropriate estimates of seismic motion. However, the modeling may
require a large amount of work, including geological and geophysical field work. Although
the alternative empirical methods are less site-specific, they are based on actual observed data,
and so empirical methods such as attenuation relations determined from strong ground motion
are still useful. One difficulty in application of attenuation relations is classification of the
site geology. Site-specific predominant period is expected to be a possible site classification
index, and the ratio of horizontal/vertical response spectra may be related to the predominant
period. For K-net records, we adopted four geological site classes with different predominant
period ranges for use in developing attenuation relations. We found that predominant period
from travel time above bed rock agreed with the H/V ratio for 5% damped response spectral
acceleration. Therefore, the average H/V ratio can be used as a site classification index for
recordings at other sites that lack geological information. A total of 4400 strong motion
records were used in a regression analysis to determine the attenuation relation. The
empirical attenuation relation also accounts for differences between different tectonic source
categories and fault mechanisms of earthquakes, and uses the same site classification at each
station for recordings of different earthquake source categories.
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PARAMETRIC STUDIES OF SOURCE AND SITE EFFECTS FOR THE
GENERATION OF GROUNDSHAKING SCENARIOS

Giuliano F. Panza 1‘2, Franco Vaccari 2, and Fabio Romanelli
1. SAND Group, The Abdus Salam International Centre for Theoretica Physics, Italy
2. the University of Trieste, Italy

In sedimentary basins the generation of local surface waves and local resonance can give rise
~ to a complicated pattern in the spatial groundshaking scenario. For any object of the built
environment with dimensions greater than the characteristic length of the ground motion,
different parts of its foundations can experience severe non-synchronous seismic input. In order
to perform an accurate estimate of the site effects, and of differential motion, in realistic
geometries it is necessary to make a parametric study that takes into account the complex
combination of the source and propagation parameters.

The simplified model of an extended seismic source we propose is based on the modelling of
a Haskell-type source and contains a stochastic component, allowing to build a spectrum
(amplitude and phase) of the source function that takes into account both the rupture process and
directivity effects. In such a way it is possible to perform a speditive parametric study to
investigate the dependence of the ground motion (in the time and frequency domain) on source
parameters (geometry, energy release etc.).

The computation of a wide set of time histories and spectral information, corresponding to

possible seismotectonic scenarios for different source and structural models, allows us the
construction of damage scenarios that are out of reach of stochastic models.
We show the numerical experiments carried out within the framework of several recent projects
(e.g. the EC project "Advanced methods for assessing the seismic vulnerability of existing
motorway bridges" (VAB)), to assess the importance of non-synchronous seismic excitation of
long structures.
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ACTIVE FAULT DRILLING-STRESS, STRENGTH AND STRUCTURE IN
FAULT ZONES

Dr. K. Omura (NIED, JPN)

Contribution on the CD-Rom.
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SESSION 2: Application of Deep Borehole Research and Measuring
Study '

SESSION 2a
Deep Borehole Study and Application to Asperity Estimation

Dr D. Boore (USGS-USA), Prof Y. Kinugasa (TITech-JPN)
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Dr. D. Boore (USGS-USA)

-Aspeérities and Seismic Velocity Distribution along the Fault Plane of Two Large
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Prof A. Hasegawa (Tohoku University-JPN)

-Monitoring the Contact State of a Simulated Fault by Transmission Waves- A Laboratory
Experiment — ‘ ‘ 81
Dr K. Iwasa (Association for Development of Earthquake Prediction-JPN)

-Earthquake Related Projects in NIED, Japan 83
Dr Y. Okada (NIED-JPN)

-Asperities Recognized from Seismicity Pattern Change preceding Megathrust
Earthquakes 85
Dr S. Matsumura (NIED-JPN)

-Estimation of Effective Stress on Asperities in Inland Earthquakes caused by Large Strike-
Slip Faults and its Application to Strong Motion Simulation 87
Mr K. Dan (Ohsaki Research Institute-JPN)

-Evaluation of the Seismogenic Layer Depth in Japan Using the JMA Catalogue 89
Dr S. Motohashi (JNES-JPN)

-Geophysical Study of an Active Fault by Using a Deep Borehole with 1000m Depth ---

Initial Stress Measurements and Continuous Multi-Component Monitoring of Crustal

Activities --- ' 91
Mr H. Ishii (TRIES-JPN)

-A Simple Procedure to compute the Interstory Drift for Frame Type Structures 93
Prof. P. Gulkan (Disaster Management Research Center-TUK)
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IS STRONG GROUND MOTION RADIATED FROM ASPERITIES?

Dr. D. Boore (USGS, USA)

Contribution on the CD-Rom.
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ASPERITIES AND SEISMIC VELOCITY DISTRIBUTION ALONG THE
FAULT PLANE OF TWO LARGE EARTHQUAKES IN JAPAN
Akira Hasegawa and Tomomi Okada
Tohoku University, Japan

We applied the double-difference tomography method (Zhang and Thurber, 2000) to two
large shallow earthquakes that occurred recently beneath the land area in Japan in order to
compare the slip distribution of the mainshock rupture with the seismic velocity distribution
along the fault plane. The double-difference tomography uses both absolute and relative
arrival times of P- and S-waves, and can produce improved seismic velocity images, especially
near the earthquake source region, by reducing systematic errors using the more accurate
relative arrival times. '

Dense temporary seismic observation networks were constructed after the two large shallow
earthquakes; the 2003 M6.4 northern Miyagi earthquake in northeastern Japan (Umino et al.,
2003) and the 2000 M7.3 western Tottori earthquake in southwestern Japan ( Hirata et al., 2001).
A number of aftershocks of the two events were observed by these dense seismic networks
deployed above the source regions, which provided good opportunity to obtain a detailed
seismic velocity structure near the fault plane of the mainshock by applying the
double-difference tomography method.

The results show that the fault plane for the 2003 northern Miyagi earthquake was imaged as
a zone of steep velocity change, while the both sides of the fault plane for the 2000 western
. Tottori earthquake did not have any systematically different velocities. Seismic velocity
distributions along the mainshock fault plane were compared with seismic slip distributions of
the mainshock rupture estimated from seismic waveform inversions and geodetic inversions for
‘the two events (Sekiguchi and Iwata, 2001; Yagi and Kikuchi, 2003; Miura et al., 2003). For
both events, large slip areas of the mainshock rupture (asperities) are distributed in high velocity
areas on the fault plane, avoiding low velocity areas.

The present observations provide important information on the cause of formation of
asperities, and strongly suggest the possibility of imaging asperities of large earthquakes before
their occurrences. :
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MONITORING THE CONTACT STATE OF A SIMULATED FAULT BY
TRANSMISSION WAVES —~ A LABORATORY EXPERIMENT

KO_]I Iwasa’") and Naoto Yoshioka®
! Association for the Development of Earthquake Prediction, Japan,
2
Yokohama City Umver51ty, Japan

A number of studies have shown that there is a slow stage of precursory slip prior to a
dynamic rupture. Thus it is expected that with the onset of the precursory slips, some physical
contrasts may appear between the slipping and the sticking stages. If the contrast could be
somehow detected, it would be useful for earthquake prediction. It is of particular importance
to take into account the fact that there exist a number of asperities on sliding surfaces and that
the microscopic interactions between the contacting asperities control ‘the macroscopic
behavior of the sliding bodies. It is known that the asperity contact area increases with the
logarithm of stationary contact time, resulting in a junction growth and an increase in stiffness
of the fault. Thus one of the possible physical contrasts may be found in the stiffness of the
contacting surfaces of the fault. Once a precursory slip begins, the stiffness is expected to
decrease because stationary contact time is reset: the asperity contacts are replaced by newly
formed contacts with smaller size in the precursory slip regions or stages.

In order to monitor the change in the contact state due to applied stresses, we performed a
series of observatory experiments in which P- and S-waves were transmitted across a
simulated fault. Two types of experiment were carried out: (1) Normal Stress Holding Test
(NSHT): normal stress’ was kept constant for about three hours without shear stress
application and transmission waves were observed. (2) Shear Stress Increasing Test (SSIT):
shear stress was gradually increased until a stick-slip event occurred. Transmission waves
were continuously observed throughout the process of stress accumulation. We focused on the
change in transmission waves during the application of shear stress and especially during
precursory slips.

It was found in NSHT that the amplitude of transmission waves linearly increased with the
logarithm of stationary contact time. The increase amounted to a few percent after about three
~ hours. The creep at asperity contacts is responsible for this phenomenon. From a theoretical
consideration, it was concluded that the real contact area increased with the logarlthm of
stationary contact time.

In SSIT, we observed a significant increase in wave amplitude with shear stress
application. This phenomenon cannot be attributed to the time effect observed in NSHT.
Instead, it can be explained by the mechanism of “junction growth” proposed by Tabor (1959).
Junction growth yields an increase in real contact area. It is required for junction growth to
occur that the material in contact is already plastic under a purely normal loading condition.

We found in SSIT that the increasing rate of amplitude was slightly reduced prior to a
stick-slip event. The onset time of the reduction well coincides with the initiation of
. precursory slip. The cause of the reduction is attributed to the reset of stationary contact time
due to replacement of the population of asperity contacts. This interpretation is supported by.
the result of NSHT. Taking the time of stationary contact in SSIT into account, we may expect
the change in wave amplitude to be, at most, only a few percent. The observed slight
reduction in increasing rate is, in this sense, reasonable. The static stiffness of the fault also
decreases with precursory slip.
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The present study shows that it is possible to monitor the change in contact state of faults
by observing the change in transmission waves.
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EARTHQUAKE RELATED PROJECTS IN NIED

: Yoshimitsu Okada
NIED (National Research Institute for Earth Science and Disaster Prevention), Japan

Since its establishment in 1963, NIED has conducted earthquake related projects as one of the
most important components of the institute. In 1969, it was started the “Research on Seismic Activities
in the Southern Metropolitan Area” in which 3,000m-class deep borehole seismic observation system
was developed and installed at three sites surrounding Tokyo. As the background, the importance of
Tokyo observation had been emphasized in the National Earthquake Prediction Program which wad
started in 1965 and southern Kanto region was designated as the Area of Intensified Observation in
1970 by the Coordinating Committee for Earthquake Prediction.

By close-up of the imminence of Tokai earthquake, Tokai region was also designated as the Area
of Intensified Observation in 1974 and further designated as the Area under Intensified Measures
against Earthquake Disaster in 1979. Corresponding to such an environment, NIED has started the
“Research on Crustal Activities in the Kanto-Tokai Area” in 1978 in which a seismic network of
shallow borehole stations was constructed covering the Kanto and Tokai regions. In 1978, another
project, “Research on Mechanism of Earthquake Generation” was also started to investigate the basics
of inland earthquakes through in-situ stress measurement by hydro fracturing method. In 1994, a new
project, “Fundamental Research on Earthquakes and Earth’s Interior Anomaly” was added for basic
study of source process using an observation network of broadband seismograph.

The occurrence of the Kobe earthquake of 1995 affected the trend of earthquake related projects in
NIED so much. Several big projects were newly started and pre existing projects were reorganized as
follows.

(1) 3-D Full Scale Earthquake Testing Facility (E-defense)
To develop safety building, construction of E-defense and related researches were started.

(2) Research on Earthquake Disaster Mitigation (EDM)
To integrate science, technology and social engineering related to earthquake disaster mitigation,
EDM team was transferred to NIED from RIKEN.

(3) Operation of nation-wide seismic networks (Hi-net, F-net, K-NET and KiK-net)
A large number of seismographs were newly installed and merged to the existing seismic networks.
All the obtained data are provided to the public under a fully open policy.

(4) Development of real-time issue and distribution system of earthquake information
As a way to utilize seismic data for hazard mitigation, a real-time system is developing.

(5) Research on the mapping of predicted strong-motion

To complete a nation-wide probable shaking map as well as that by scenario earthquake, various

techniques to estimate strong motion are investigated.

These projects are related each other. For example, soil condition data or velocity logging data
obtained at boreholes as a by-product of the project (3) become quite useful information to estimate
surface strong motion in the project (5).
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~ ASPERITIES RECOGNIZED FROM SEISMICITY PATTERN CHANGE
PRECEDING MEGATHRUST EARTHQUAKES

Shozo MATSUMURA
. National Research Institute for Earth Science and Disaster Prevention

Recently, rupture processes of large earthquakes can be analyzed in detail to discriminate
largely slipping area, that is, asperity by using various kinds of observation data. For example,
when a large earthquake happens, broad-band seismic wave data, or strong motion records are
analyzed to delineate its asperity. Ground surface deformations measured by GPS
observations are used for inversion analysis of forward slipping. Tsunami data are utilized for
analysis of ocean base deformation, which results in recognition of largely slipping area.
Assembling all these data, we can know the rupture process of the target earthquake, and
understand the relationship between its feature and damages caused from it. However such a
manner is valid only to the earthquake that has already happened. In the view of seismic
disaster prevention, we want to know where the asperity of a future earthquake should be
located before its breakage. Is that possible? We introduce a case of the Tokai assumed
earthquake. Around the Tokai possible seismogenic zone, we have continued microearthquake
observation for more than 20 years. Here, some anomalous phenomena are detected. One is
seismicity rate change, so called seismic quiescence, and another is slow slip progressing
around the edge area of the inferred locked zone. Analyzing the seismicity rate change, we
found a patch-like pattern of the rate distribution to attain the following hypothesis.
Accompanying with the slow slipping, stress accumulation should be loaded on the rest of the
locked portion, where there might be inhomogeneity in strength to hold the load. A stronger
part can stand as it is, while a weaker part should slip to release the load. Then, the stress
concentration focuses on the former one, which can be distinguished as an activated area in
seismicity rate. If this is the case, we can extract a potential asperity for a future earthquake by
analyzing the background seismicity. In order to verify the hypothesis, we apply the same
analysis to the event of the Tokachi-Oki earthquake (M8.0) in 2003. In this case, we found a
seismic quiescence about 5 years preceding the main earthquake. The analysis of the
seismicity rate change resulted in well spatial matching between the activated portion and the
largely slipping area. The result brings an important meaning in evaluation of the future Tokai
earthquake. '
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ESTIMATION OF EFFECTIVE STRESS ON ASPERITIES IN INLAND
EARTHQUAKES CAUSED BY LARGE STRIKE-SLIP FAULTS
AND ITS APPLICATION TO STRONG MOTION SIMULATION

Kazuo DAN, Takayoshi MUTO, Jun’ichi MIYAKOSH]I,
and Motofumi WATANABE

Precise estimation of effective stress on asperities is essential for accurate strong motion
prediction, but an estimation method has not been proposed for inland earthquakes caused by
large strike-slip faults. Hence, we adopted two different methods to estimate effective stress on
asperities as follows: 1) an- estimation method based on a scaling law by Irikura and Miyake
(2001) and on a semi-elliptic crack for evaluating the averaged stress drop and 2) an estimation
method based on a model composed of a seismogenic layer and a visco-elastic basement by
Fujii and Matsu’ura (2000). We applied the estimates to strong motion simulation, compared the
simulated peak ground velocities with those by an empirical attenuation relation by Si and
Midorikawa (1999), and finally preferred the second method.
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EVALUATION OF SEISMOTECTONIC LAYER DEPTH IN JAPAN
USING JMA CATALOGUE

S.Motohashi, K.Ebisawa, M.Sakagami
“Japan Nuclear Energy Safety Organization (JNES)

Among various fault parameters, the depth range of a fault plane is one of the most
important ones in modeling a blind fault earthquake. To determine such parameter properly, we
need to investigate the regional characteristics of seismotectonic layer.

In this paper, based on the Japan Meteorological Agency (JMA) catalogue, we estimated the
upper and lower cutoff depths of seismicity of 15 regions covering Japan. The statistical data
processing technique was used. Also, we examined the effect of magnitude, numbers of
observatories, and focal depth on standard errors in focal depth determination.

Finally, we carried out the evaluation of the upper and lower cutoff depths of seismicity in

and around the estimated rupture areas of six blind fault earthquakes in Japan. As a highlighted

- conclusion, we found that the upper and lower cutoff depths of seismicity in most of Japan exist
in a range of about 6 to 20km.






NEA/CSNI/R(2004)22

- GEOPHYSICAL STUDY OF AN ACTIVE FAULT BY USING A DEEP
BOREHOLE WITH 1000 M DEPTH --- INITIAL STRESS MEASUREMENTS
AND CONTINUOUS MULTI-COMPONENT MONITORING OF CRUSTAL
ACTIVITIES ---

Hiroshi ISHII and Tsuneo YAMAUCHI"
Tono Research Institute of Earthquake Science (TRIES)
! Graduate School of Environmental Studies, Nagoya University

A deep borehole with depth of 1000 m has been constructed. The borehole is located beside
the Byobu-san active fault. We performed in-situ stress measurements by the use of overcoring
method at depths of 350 m, 700 m and 1000 m during excavation of the borehole by utilizing a
wireless intelligent type strain meter developed by us.. Well loggings were also done in the
borehole and various geophysical parameters were determined.

This station composes a member of 3 dimensional array for observation of crustal activities
with other nearby stations consisting of five deep boreholes and a vault.

We finally installed a newly developed multi-component instrument in the bottom of the
1000 m borehole at 30™ of March in 2003. The instrument can record data of 7 strain
components (4 horizontal, 2 inclined and a vertical), 2 tilts, 3 seismic waves, 4 geomagnetisms
and a temperature of high resolution. This is the deepest multi-component borehole station in
the world for continuously monitoring crustal activities. Outputs obtained from the sensors are
digitized and transmitted to a surface by using only one coaxial cable. Data obtained from the
instrument have been accumulated since installation. ‘

We will present the details of both the instrument and the observation system with some
interesting results obtained from the observations.
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A SIMPLE PROCEDURE TO COMPUTE THE INTERSTORY DRIFT FOR
- FRAME TYPE STRUCTURES.

P. Giilkan and D.S. Akkar
Disaster Management Research Center and
Middle East Technical University, Turkey

One of the end uses of strong ground motion records is in the field of structural
engineering where the response of idealized structural systems are computed for discerning
trends in the relative lateral translation between successive floor levels. In this paper a simple
procedure to estimate the local displacement demands in regular frame type structures is
described. Given the spectral displacement and beam-to-column stiffness ratio, the procedure
calculates the maximum ground story and maximum inter-story drifts along the height of the
structure. A total of 145 near-fault ground motions recorded on dense-to-firm soil sites are
used for the evaluation of the procedure. The approximate drift demands computed from this
procedure and the exact results from 27550 response history analyses are used for calculating
the error statistics. The calculations show that the procedure can be used with confidence for
frames with fundamental periods between 0.3s and 1.5s when they are subjected to near-fault
records without pulse. The approximations are in good agreement with the exact response
history results of near-fault records with pulse when the fundamental period to pulse period
ratio is less than 1.5. The performance of the new procedure is also compared with other
approximate methods that are employed for similar purposes. This formulation would be
useful for those instances where deep borehole data and other earth science techniques permit
estimates of pulse periods to be made.
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DEEP STRUCTURE OF FAULT ZONES AND STRESS FIELD AROUND
ACTIVE FAULTS FROM SEISMIC AND STRAIN MEASUREMENTS
Yausto KUWAHARA (GSJ, AIST, Japan)

We review our recent studies of fault zone structures and stress fields of some active faults
of a magnitude-7 class in Japan. Deep structures of fault zones are revealed by using fault zone
trapped waves and/or fault zone head waves for the Nojima fault of the1995 Kobe earthquake, a
focal region of the 2000 Western Tottori earthquake, and the Mozumi-Sukenobu fault-which is
considered to be ruptured about 150 years ago. Main results of these studies are as follows: (1)
Low-velocity zones along faults can be characterized by the fault zone waves and are consistent
with direct observation by borehole techniques. (2) Low velocity zones are extended to a
seismogenic depth of about 5 km at least. (3) Hypocenter of a large earthquake is suggested to
be located at discontinuity of fault zone structures. (4) A model for estimating constitutive law
of fault zone rupture is developed from the fault low-velocity zone. '

Distributions of principal stress directions as a measure of a stress field around the focal
region of the1995 Kobe earthquake and the Atotsugawa fault have been revealed by using dense
arrays of 3-component borehole strainmeters and seismic techniques, namely, focal mechanisms
of small earthquakes and S-wave anisotropy. The obtained stress fields around the edge of the
focal region of the 1995 Kobe earthquake indicate that the stress drop of the earthquake is
comparable to an applied tectonic stress to the fault, suggesting a low strength fault model. The
stress fields along the Atotsugawa fault indicate two aspects of the present status of fault
activities, namely, stress concentration at the fault segmentation boundary and aseismic slip in a
deep potion of the fault.

These studies demonstrate that observations of the fault zone structures and of the principal
stress directions have great potentials to evaluate present stress status and future irregular
rupture process of inland active faults.
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DETECTION ACCURACY OF ACTIVE FAULT
BASEDON SEISMIC REFLECTION METHOD DATA

Katsumi Ebisawa, Toshio Kogure, Hideaki Tsutsumi, Shohei Motohashi and
Masaharu Sakagami
Japan Nuclear Energy Safety Organization (JNES), Japan

The authors examined the accuracy of detection of active fault detected by seismic
reflection method using the active fault data at Headquarters for Earthquake Research
Promotion and National Institute of Advanced Industrial Science and Technology. It was
demonstrated that the detection possibility of active faults was quite large and the detection
percentage was about 90 %, when the seismic reflection method was applied suitably against
them under sedimentary layer. The percentage of dip-slip faults to total faults was detected
86 % and that for strike-slip faults is 14 %. The detection percentage of the former fault was
about six times as large as that of the latter. It was predicted that active fault of fault length
over 6 km may be detected by the seismic reflection method.
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Load 111
Dr. I. Nakamura (NIED-JPN)

-Comparison between the Numerical and Experimental Dynamic Response of a Bridge Pier
Model Structure at the Volvi-Greece European Test Site 113
’ Mr. G. Manos, Greece, presented by Dr. V. Renda (EC-JRC)

-On the Ultimate Strength of RC Shear Wall under Multi-Axes Seismic Loading
Condition ‘ 115
Dr. Y. Kitada (JNES-JPN)

-Experimental Study on Pile-Group Effects using Blast-Induced Ground Motion 117
- Dr. K. Hijikata (Tokyo Electric Power Co-JPN)
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Dr. P. Furtner (VCE-Holding GmbH-AUT)

-Input Selection for E-Defense : 121
Dr. K. Abe (NIED- JPN)

-What We learned and We plan with Deep Borehole Studies for Fault Zone Properties? 123
Dr. H. Ito (AIST-JPN)
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RECENT ADVANCES TO OBTAIN REAL-TIME DISPLACEMENT FOR
ENGINEERING APPLICATIONS

Mehmet Celebi
USGS- USA

This paper presents recent developments and approaches (using GPS technology and real-time
double-integration) to obtain displacements and, in turn, drift ratios, in real-time or near real-time
to meet the needs of the engineering and user community in seismic monitoring and assessing the
functionality. and damage condition of structures. Drift ratios computed in near real-time allow
technical assessment of the damage condition of a building. Relevant parameters, such as the type
of connections and story structural characteristics (including geometry) are used in computing
drifts corresponding to several pre-selected threshold stages of damage. Thus, drift ratios
determined from real-time monitoring can be compared to pre-computed threshold drift ratios.
The approaches described herein can be used for performance evaluation of structures and can be
considered as building health-monitoring applications.
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INPUT GROUND MOTION CHARACTERIZATION FOR SPATIALLY VARIABLE
SOIL AND ITS INFLUENCE ON SOIL STRUCTURE INTERACTION
ASSESSMENT

Nicho_las Simos and Carl J. Costantino, Brookhaven National Laboratory, USA

In typical deterministic site response or soil-structure interaction analyses, average or equivalent
properties for either the sub-layers or the whole soil deposit are being used. Layered deposits are
studied considering layers of constant thickness throughout the domain of interest. The fundamental
-question, from the engineering point of view, is how do these real spatial fluctuations in both the soil
properties and layering profile affect the response of a critical facility resting on the soil and how does
one go about incorporating these uncertainties into its response. The two issues that need to be
evaluated are (a) how does natural variability in site properties influence structural seismic response
and (b) how should the input ground motion be characterized to properly evaluate this response. In
this study the first issue is discussed. While this paper attempts to address both issues its primary
focus is on the characterization of the ground motion and the way it may influence the response in
conjunction with the soil variability. In addressing the SSI part of the issue stochastic finite elements
and correlation functions are employed. Three specific elements comprise the “engineering”
procedure, namely, (a) formulation of a mathematical process and modeling that connects uncertainty
in the soil properties and profile with SSI, and (b) enveloping of uncertainties in characterizing a site
for which soil data are scarce, and (c) utilization of real data to generate best estimates of statistical
parameters used in the probabilistic description of soil systems.
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DAMAGE CHARACTERIZATION OF SEISMIC INPUT RESEARCH ON
SIGNIFICANT PARAMETERS

Mr. P. Sollogoub (CEA, FR)

~ Contribution on the CD-Rom

107






NEA/CSNI/R(2004)22

COMPARISON OF NATURAL AND SRTIFICIAL TIME HISTORIES
FOR SEISMIC NON-LINEAR ANALYSES OF STRUCTURES

E. Viallet (corresponding author) - G. Heinfling - S. Goubet - C. Duval
EDF/SEPTEN - France

Due to increased potentialities of computers, it is nowadays possible to perform dynamic non-
linear computation of structures to evaluate their ultimate behavior under seismic loads using refined
finite element models. Nevertheless, one key parameter for such complex computations is the input
load (i.e. input time histories) which may lead to important discrepancies in the results and therefore
difficulties to deal with for engineering purpose (variability, number of time histories to use ...). In
this situation, the opportunity to use artificial time histories or not for such analyses is a still open
question.

The objective of this study is to give some elements concerning the potential effectiveness of
artificial time histories to reproduce structural damages lead by real earthquakes.

For this purpose, a simplified model (Single Degree Of Freedom: SDOF) governed by a non-
linear low (Takeda’s law) is used and it’s parameters are adjusted to represent the non-linear behavior
of typical reinforced concrete (RC) structures. A previous study showed that this model was accurate
enough to simulate the damage (expressed in terms of ductility) of RC structures.

The study is carried out based on the following steps:

Step 1: Selection of typical types of earthquakes (low magnitude — near field earthquake and high
magnitude — far field earthquake) in terms of magnitude M and focal distance D

Step 2: Selection of a set of natural time histories (30 approximately) among a European strong
motion data base (ESMDB) with characteristics close to selected magnitude and distance

Step 3: Calculation of ground response spectrum and other ground motion parameters (ground
velocity, ground displacement, duration, Arias Intensity, Cumulative Absolute Velocity ...) using
Magnitude—Distance regression laws determined on the ESMDB (previous study) for selected M
and D

Step 4: Generation of a set of artificial time histories (30) based on previous parameters (step 3)

Step 5: Computation of the non-linear seismic response of the SDOF model for the different sets
of artificial and natural time histories.

The results are expressed in term of ductility (ratio between maximum non-linear displacement of
the SDOF model over its elastic yield displacement). They are compared considering individual results
and for more statistical values (i.e. average and standard deviation) for each set of time histories.
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The results show a very good agreement between natural and artificial time histories computations.
Therefore, it is possible to conclude that artificial time histories may be representative of real
earthquakes if they are generated base on ground response spectrum and other ground motion
parameters (ground velocity, ground displacement, duration ...) which should also be representative of
real earthquakes.

Finally, some recommendations about the number of time histories to be used for such dynamic
non-linear analyses and a way to deal with variability are proposed.
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FAILURE BEHAVIOR OF PIPING SYSTEMS WITH LOCAL DEGRADATION UNDER
EXCESSIVE SEISMIC LOAD

Izumi Nakamura, Akihito Otani, Masaki Shiratori
National Research Institute for Earth Science and Disaster Prevention, Japan

Pressurized piping systems used in nuclear power plants are supposed to be degraded by aging effects,
and defects such as local wall thinning or stress corrosion cracks (SCC) may occur in such systems. To
maintain the plants in safe conditions even under destructive earthquakes, it is important to estimate the
dynamic behavior and the failure modes of degraded piping systems. But there are few experimental studies
on failure behavior of piping systems with degradation under seismic load, so the effects of degradation on
dynamic behavior and failure modes of piping systems are still not clear. Therefore an experimental and
analytical study on piping models with degradation is being conducted by National Research Institute for
Earth Science and Disaster Prevention (NIED), Yokohama National University (YNU), and
Ishikawajima-Harima Heavy Industries Co., Ltd. (IHI). In this study, pipe element tests and piping system
tests are conducted. Pipe element tests are displacement-controlled cyclic bending tests on straight pipes or
pipe elbows with degradation. Piping system tests are shaking table tests on simply designed piping system
models with degradation. The purpose of these tests is to clarify the effects of degradations on the failure
behavior of piping systems under high-level bending load like seismic load. The degradation conditions
considered in the tests are local wall thinning (modeled by mechanical machining), electric discharge
machining (EDM) notch, and SCC. All specimens are pressurized to 8 — 11MPa with room temperature
water. Loading tests were continued until the model failed and a leak of pressurized water occurred because
of the crack penetration.

From the test results of the pipe element tests and piping system tests, the failure mode of the pipes
with cracks is mainly the crack propagation from initial SCC or an EDM notch. And the failure mode of the
pipes with local wall thinning is mainly the fatigue failure accompanied with ratchet deformation. Though
the test models were subjected to considerably higher load than the limit load by the current Japanese code,
the test results suggest that the failure mode of degraded pipes subjected to cyclic load is due to an
accumulation of damage. The failure mode of the piping system models were mainly fatigue failure at the
weakest elbow, and the excessive deformation by the gravity effect was not observed even in the piping
system models with 50% wall thinning elbows.
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COMPARISON BETWEEN THE NUMERICAL AND EXPERIMENTAL DYNAMIC
RESPONSE OF A BRIDGE PIER MODEL STRUCTURE AT THE VOLVI -
GREECE EUROPEAN TEST SITE

G. Manos, V. Kourtides, B. Yasin, A. Sextos, V. Renda and A. Anthoine

Aristotle University of Thessaloniki, Greece

This paper presents the results of the measured response of a model structure which is constructed
at the Volvi — Greece European Test Site for Earthquake Engineering, in particular, a single bridge
pier specimen built for the purposes of the currently running Euroseis-Risk program, which is
supported by the European Union. Despite the disadvantages of being unable to produce significant in-
situ levels of ground motion, when desired, as can be generated by an earthquake simulator, this is in
part compensated by the realistic foundation conditions, which are present for this model structure that
is supported on the soft soil deposits in-situ. The current extension of the in-situ facility includes the
possibility of subjecting the model structures to low to medium intensity man-made excitations (i.e. a
number of simple pull-out test) as well as explosions.

The main objective of the recent tests, which is discussed in this paper, is to identify influences on
the dynamic structural response arising from the flexible support conditions. This paper describes the
preliminary activities undertaken for the optimal design of the model structure and the subsequent set
of parametric and sensitivity analyses that were performed in order to ensure that a) the forces
available on site are adequate to trigger soil-structure interaction phenomena b) the frequency of the
man-made excitation is such that could optimize the presence of damping of the coupled soil-
foundation-structure system and c) that the foundation dimensions would be designed in a way that
would prevent the, unfavorable at this stage, effect of rocking while remaining within the scale of the
rest of the model structure. Along these lines, successive finite element analyses have been performed
using alternative FE codes and the results of the optimization procedure have been compared with
theoretical solutions. The experimentally observed response is aimed to be compared with numerical
simulations at various stages of the construction process. Having captured the main in-situ dynamic
characteristics of the model structure a level of agreement is established that allows for the numerical
prediction under the aforementioned pull-out tests and explosions.
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ON THE ULTIMATE STRENGTH OF RC SHEAR WALL UNDER MULTI-AXES SEISMIC
LOADING CONDITION

KITADA Yoshio
JNES (Japan Nuclear Energy Safety Organization), Japan

In the current seismic design of nuclear power plant (NPP) buildings in Japan, seismic design loads in
the two orthogonal, horizontal directions are obtained independently by seismic response analyses, whereas
actual seismic forces jolt the buildings in three directions simultaneously. Therefore, it is important to grasp
the seismic response characteristics of an NPP building for three-dimensional earthquake excitation up to the
ultimate state of the building to evaluate the seismic margin properly.

JNES had therefore conducted a project entitled "Model Tests of Multi-Axis Loading on RC Shear
walls" succeeding from Nuclear Power Engineering Corporation (NUPEC) to clarify the effects of
multi-directional forces on the ultimate strength of reinforced concrete (RC) seismic shear walls under
multi-directional seismic loading conditions. The project had performed with a subsidy of the Ministry of
Economy, Trade and Industry (METT) of Japan. In the test, we firstly accumulate the static and dynamic test
data by performing the multi-directional loading test, and secondly we develop the evaluation method of
restoring force characteristics of an RC shear wall subjected to multi-directional seismic (dynamic) loads.

In the force coming OECD/NEA workshop, I will demonstrate the loading test of both box type and
cylinder type RC shear walls using video. Also I will explain the summary of the test results.

Figure 1 is a scene of the dynamic loading test for a box type RC shear wall. In this test, we have
applied an earthquake-like 3D dynamic load to the specimen using the 3D shaking Table of the Public Works
Laboratory in Tsukuba city.
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EXPERIMENTAL STUDY ON PILE-GROUP EFFECTS USING
BLAST-INDUCED GROUND MOTION

K. Hijikata ', H. Tanaka '
(1) Tokyo Electric Power Company, R&D Center, Japan

Pile foundations have become very widely used for ordinary buildings, including high-rise
buildings in Japan. Since they are very flexible, pile foundations can be effective in the siting
of new nuclear facilitiecs. However, before they can be used in nuclear facilities, it is very
important to experimentally demonstrate their applicability. Since very strong earthquake
motions are employed in designing nuclear facilities, understanding of dynamic behaviors of -
the soil-pile-structure interaction needs to be incorporated in the structural design of pile
foundations. "

The objective of this study is to promote better understanding of dynamic behaviors of
pile-supported structures, especially pile-group effects, under severe ground motions.

In order to meet the above objective, vibration tests of pile-supported structures were
performed at a large-scale mining site. Ground motions induced by large-scale blasting
operations were used as excitation forces for the vibration tests. Significant aspects of this
test method are that vibration tests can be performed several times with input motions up to
1.7G and that large scale model structures can be tested considering three dimensional effects
and soil-structure interaction.

- Extensive simulation analyses were also conducted to confirm the applicability of the

response analysis methods to nonlinear behaviors of pile-supported structures under severe
ground motions.
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DECISION SUPPORT SYSTEMS FOR THE SEISMIC INPUT ON STRUCTURES

Dr. Helmut Wenzel
DI Peter Furtner
(VCE-Holding GmbH)

The seismic hazard assessment has become a major concern, since recent research revealed
considerably higher seismic risks in formally so called “quiet zones”, like Central Europe. Many
structures having importance for health and safety of citizen and environment are not adequately
prepared against seismic actions. The assessment of the site seismicity is decisive for the seismic
hazard assessment. However the knowledge about processes influencing the damage intensity, contour
and degree of seismic shock and earthquake induced secondary effect are not sufficiently explored but
are urgently needed for safety measurements.

This paper describes the idea of knowledge based decision support systems based on Al-methods
for the definition of the Seismic Input on structures. This is the only possibility of managing the huge
amount of data and information gained by accurate monitoring with sensors. The job of the system is
to filter and pre-process the data on-site, to analyse them and prepare a basis for the final decision by
the expert. Thanks to of the learning capability of such a system it is applicable to various facilities. Its
learning capability is due to the rule based decision process and the use of Al-methods.
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INPUT SELECTION FOR E-DEFENSE

Dr. K. Abe (NIED, JPN)

Contribution on the CD-Rom

121






NEA/CSNI/R(2004)22

WHAT WE LEARNED AND WHAT WE PLAN WITH DEEP BOREHOLS
STUDIES FOR FAULT ZONE PROPERTIES
Hisao Ito
Geological Survey of Japan
AIST

We will review the current deep borehole studies to discuss whether they can contribute to
estimate the distribution of asperities of a particular fault in advance of its movement. The two
deep drilling studies, Nojima fault drilling after the 1995 Kobe earthquake and the Chelungpu
fault drilling after the 1999 Chi-Chi earthquake, have revealed detailed fault zone properties
from various borehole experiments and core studies. The Chelungpu fault drilling is expected to
drill directly into asperities estimated by seismic analysis of the 1999 Chi-Chi earthquake.
Although these studies are done after the earthquakes, we discuss the strategy of the deep
borehole studies can contribute to estimate the distribution of asperities in advance of large
earthquakes based on the current results.
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Dr A. Murphy (USNRC-USA)
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DEFENSE-IN-DEPTH IN SEISMIC SAFETY DESIGN

. Takaaki Konno
Secretariat of Nuclear Safety Commission, Japan

The seismic safety of Japanese reactor facilities required to assure the reactor safety and
radiation protection to ‘the public health  and safety should be performed based on the
“defense-in-depth” principle. The defense-in-depth principle states that a safety strategy
should acknowledge redundancy or diversity within the operational system. Applying the
defense-in-depth principle to the seismic safety is a difficult issue with respect to the current
seismic design philosophy in Japan. The current deterministic design practice is not suitable
for explaining how the defense-in-depth principle is established in the face of increasing
earthquake shaking demand. ’

Seismic safety should consider the probability of ground motions in excess of design basis
earthquakes, with appropriate accounting for the inherent uncertainties in the characteristics
of postulated earthquake events and in ground motion predictions. For such low probability,
large amplitude earthquake events, defense-in-depth seismic safety must consider common
failure of the diverse safety-related structures, systems and components (SSCs) that include
various redundancies. That approach reduces the design effectiveness of redundancies in the
prevention and mitigation systems installed. Performance-based design therefore is strongly
recommended to properly accommodate the redundancies for large seismic events.

Unnecessary conservatism in the classification of seismic grades of structural integrity in
the current Examination Guide for Seismic Design can be reduced in safety assessments by
using event tree and fault tree analyses of the safety-related SSCs. At the same time the safety
requirement should be changed from structural integrity to functional integrity. The
classification of seismic grade of individual safety-related SSCs might be reduced when
considering redundancy and functional integrity. The current Examination Guide for Seismic
Design should evolve into an Examination Guide for Seismic Safety Design that is risk-
informed and performance-based. The seismic safety design philosophy should use a
probabilistic approach to properly address the defense-in-depth principle.
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OVERVIEW OF THE ACTIVITIES IN THE FIELD OF SEISMIC SAFETY
ANALYSIS, TESTS AND RESEARCHES AT JNES

M.Sakagami, K.Ebisawa, H.Abe, M.Hirano, Y.Nishiwaki
Japan Nuclear Energy Safety Organization (JNES)

Japan Nuclear Energy Safety Organization (JNES), an incorporated administrative agency was
established in October 1, 2003. JNES is a professional organization with the missions to ensure
safety in the use of nuclear energy in cooperation with the regulatory authority, the Nuclear and
Industrial Safety Agency (NISA). The activities at JNES include inspection of nuclear installations
and facilities; safety analysis and evaluation; emergency preparedness support; tests and research for
ensuring nuclear safety; and information collection, analysis and transmission to assure nuclear safety.
(The major parts of the jobs and staffs of the former NUPEC (Nuclear Power Engineering
Corporation) were transferred into JNES.)

Two divisions are relating seismic engineering and technology: The Safety Analysis and
Evaluation Division covers analysis and evaluation for seismic input and seismic design, probabilistic
seismic hazard analysis, seismic PSA (probabilistic safety assessment), structure analysis, tsunami
analysis, and so on. The Safety Standard Division covers shaking table tests of components and
piping, earthquake observation and evaluation, soil-structure interaction tests and evaluation, and so
on.

Recently important progress has been done in the analysis of seismic input. For examples, a new
methodology of the evaluation of seismic ground motions due to unidentified active faults for a site
was developed. This methodology was applied to the evaluation of ground motions at a typical site
adopting the-latest faulting models and earthquake database, and the relation of the ground motion
level and exceedance probability was obtained. Relating this evaluation, distributions of the
seismogenic depths of the observed earthquakes were analyzed to obtain the upper and lower cutoff
depths of earthquake source layer for identified and unidentified active faults in each seismic zone in
Japan. Physical prospecting data investigating selected important active faults in Japan were also
analyzed to evaluate the practical capability of the existing physical measurement methods.

Furthermore, the basic study on earthquake ground motion using earthquake observations data of a
down-hole array of 1300m-depth in the Narita area has been carried out, for the purpose of verifying
current methods for evaluating design earthquake ground motions.

At the workshop, these activities at JNES will be overviewed, with the points on the analysis and
evaluation of seismic input and recent topics.
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ESTIMATION OF SEISMIC HAZARD ON A PROSPECTIVE NPP SITE IN
‘ SOUTHERN FINLAND

Pentti Varpasuo
Fortum Nuclear Services Ltd
Finland

The purpose of the present work is the estimation of seismic hazard in the territory of the
prospective nuclear power plant site in Southern Finland. Because there are no registered
strong motion acceleration recordings of earthquakes in Finland, the earthquake recordings
from Saguenay and Newcastle regions from Canada and Australia were taken as sources of
initial data because of their geological and tectonical similarity to Fennoscandia. The
probabilistic seismic hazard assessment consists of three parts: 1) source effects, 2) path
effects, 3) site effects. The site effects phase of the study is not relevant to this study because
the prospective target sites are located on solid bedrock.Theoretical bases of determination of
seismic hazard, questions of seismicity of a southern part of Finland, initial data on
earthquakes and techniques of their processing, are considered below.
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SIMULATION ANALYSIS OF EARTHQUAKE RESPONSE OF THE
ONAGAWA NUCLEAR POWER PLANT TO THE 2003 MIYAGI-OKI
EARTHQUAKE

Yoshihiro Ogata', Mamoru Shiga' Tohoku Electric Power Co., Inc., Japan

1. Introduction

This paper presents a simulation analysis of the earthquake response of the reactor building of
the Onagawa Nuclear power plant Unit-1 to the 2003 Miyagi-Oki earthquake occurred on May
26, 2003. The basic properties of this earthquake are as follows:

Hypocenter location : offshore of Miyagi-ken (prefecture) (latitude 38 deg. 49 min.,

longitude 141 deg. 39 min.)

Hypocenter depth: 72 km

Earthquake Magnitude: Mj7.1

Distance to the Onagawa site: epicentral distance 48 km, hypocentral distance 87 km

2. Analysis model

The analytical model of the building consists of multi-cantilevers with lumped masses and a
rigid basemat slab. The shear walls are modeled with equivalent bending shear beams. Soil-
structure interaction is taking into account with equivalent spring elements supposed to act
between basemat and underground sidewall of the building. The stiffness of the partition walls
is also taking into account to that of the main shear walls. The Young’s modulus of reinforced
concrete and its damping used are the design value and a 3% respectively.

3. Simulation analysis

The simulation analysis was carried out based on a frequency response analysis method. The
earthquake observation data obtained at the upper surface of the basemat slab was used as an
input motion to the analytical building model.

4. Concluding remarks

A simulation analysis was conducted for the reactor building of the Onagawa nuclear power
plant Unit-1 using earthquake observation record of the 2003 Miyagi-ken-oki (off-shore)
earthquake occurred on May 26, 2003. On the whole, the simulated earthquake response at each
part of the building using the analytical model is consistent with the corresponding observed
record. The stresses of every part of the building evaluated from the simulation analysis are
confirmed to be lower than those of the design values. Thus the soundness of the building
against this earthquake has been confirmed. '
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RECOGNITION AND OVERCOME OF UNCERTAINTIES IN SEISMIC HAZARD
EVALUATION

K.Ebisawa®, K.Irinol), H.Nanbal), H.Tsutsumil), M.Sakagafni”, M.Hirano", H.Kameda?
1) Japan Nuclear Energy Safety Organization (JNES)
2) National Research Institute for Earth Science and Disaster Prevention(NIED)

As a part of seismic probabilistic safety assessment of nuclear power plants, Japan Nuclear Energy
Safety Organization (JNES) have been developing and advancing the probabilistic seismic hazard
evaluation method. The characteristics of the JNES’s method is to use two ways for calculating ground
motions. One is based on the empirical attenuation model. The other is based on the fault model and
applied for near large active faults around a site. The seismi¢ hazard curve at a site is obtained by
combining the two hazard curves which are evaluated separately based on these ways.

In JNES’s procedure for evaluating the uncertainties in seismic hazard, the uncertainty is divided
. into aleatory uncertainty and epistemic uncertainty. The later uncertainties are presented in a logic tree.
This procedure was applied for several sites. A series of questionnaire investigation and discussion
among several experts were carried out two times.

Through carrying out such trial process, the following important consideration items were
identified concerning elicitation of expert opinions and concentration of discussion points.
(1) Concerning elicitation of expert pinions
O to carry out the opinion exchange several times by suitable members (5-6 persons),
03 to delete the unimportant opinion based on the results of sensitivity study,
[J to carry out the opinion exchange under no compulsion,
O to agree the process of technical decision making based on scientific information,
0] to maintain the transparency of opinion exchange process and
O to clarify the items that the opinions are not concentrated finally.
(2) Concerning Technical Integrator (TT)
[0 to maintain the fairness of T1 Selection,
{1 to avoid the compulsory opinions,
{0 to maintain the fairness in management and
{1 to promote the positive discussion.

JNES held the workshop on seismic hazard assessment with the focus on recognition and overcome
of the uncertainties in seismic hazard evaluation on April 27, 2004. In this workshop, the above
JNES’s activity and two invited presentations from U.S.A. were introduced, and the panel discussion
with the title of recognition and overcome of uncertainty in seismic hazard evaluation was carried out.
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