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ORGANISATION FOR ECONOMIC CO-OPERATION AND DEVELOPMENT

The OECD is a unique forum where the governments of 34 democracies work together to address the economic, social and
environmental challenges of globalisation. The OECD is aso at the forefront of efforts to understand and to help governments
respond to new developments and concerns, such as corporate governance, the information economy and the challenges of an
ageing population. The Organisation provides a setting where governments can compare policy experiences, seek answers to
common problems, identify good practice and work to co-ordinate domestic and international policies.

The OECD member countries are: Australia, Austria, Belgium, Canada, Chile, the Czech Republic, Denmark, Estonia,
Finland, France, Germany, Greece, Hungary, Iceland, Ireland, Isradl, Italy, Japan, Luxembourg, Mexico, the Netherlands, New
Zedland, Norway, Poland, Portugal, the Republic of Korea, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey,
the United Kingdom and the United States. The European Commission takes part in the work of the OECD.

OECD Publishing disseminates widely the results of the Organisation’s statistics gathering and research on economic, social
and environmental issues, as well as the conventions, guidelines and standards agreed by its members.

Thiswork is published on the responsibility of the OECD Secretary-General.
The opinions expressed and arguments employed herein do not necessarily reflect the official
views of the Organisation or of the governments of its member countries.

NUCLEAR ENERGY AGENCY

The OECD Nuclear Energy Agency (NEA) was established on 1 February 1958. Current NEA membership consists of 31
countries: Australia, Austria, Belgium, Canada, the Czech Republic, Denmark, Finland, France, Germany, Greece, Hungary,
Iceland, Ireland, Italy, Japan, Luxembourg, Mexico, the Netherlands, Norway, Poland, Portugal, the Republic of Korea, the
Russian Federation, the Slovak Republic, Slovenia, Spain, Sweden, Switzerland, Turkey, the United Kingdom and the United
States. The European Commission al so takes part in the work of the Agency.

The mission of the NEA is:

— to assist its member countries in maintaining and further developing, through international co-operation, the scientific,
technological and legal bases required for a safe, environmentally friendly and economical use of nuclear energy for peaceful
purposes, aswell as

— to provide authoritative assessments and to forge common understandings on key issues, as input to government
decisions on nuclear energy policy and to broader OECD policy analysesin areas such as energy and sustainable development.

Specific areas of competence of the NEA include the safety and regulation of nuclear activities, radioactive waste
management, radiological protection, nuclear science, economic and technical analyses of the nuclear fuel cycle, nuclear law and
liability, and public information.

The NEA Data Bank provides nuclear data and computer program services for participating countries. In these and related
tasks, the NEA works in close collaboration with the International Atomic Energy Agency in Vienna, with which it has a Co-
operation Agreement, as well as with other international organisationsin the nuclear field.

This document and any map included herein are without prejudice to the status of or sovereignty over any territory, to the delimitation of international
frontiers and boundaries and to the name of any territory, city or area.

Corrigenda to OECD publications may be found online at: www.oecd.org/publishing/corrigenda.

© OECD 2013

You can copy, download or print OECD content for your own use, and you can include excerpts from OECD publications, databases and multimedia
products in your own documents, presentations, blogs, websites and teaching materials, provided that suitable acknowledgment of the OECD as source and
copyright owner is given. All requests for public or commercia use and trandation rights should be submitted to rights@oecd.org. Requests for permission to
photocopy portions of this materia for public or commercial use shall be addressed directly to the Copyright Clearance Center (CCC) at info@copyright.com or
the Centre francais d'exploitation du droit de copie (CFC) contact@cfcopies.com.
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THE COMMITTEE ON THE SAFETY OF NUCLEAR INSTALLATIONS

“The Committee on the Safety of Nuclear Installations (CSNI) shall be responsible for the activities
of the Agency that support maintaining and advancing the scientific and technical knowledge base of the
safety of nuclear installations, with the aim of implementing the NEA Strategic Plan for 2011-2016 and the
Joint CSNI/CNRA Strategic Plan and Mandates for 2011-2016 in its field of competence.

The Committee shall constitute a forum for the exchange of technical information and for
collaboration between organisations, which can contribute, from their respective backgrounds in research,
development and engineering, to its activities. It shall have regard to the exchange of information between
member countries and safety R&D programmes of various sizes in order to keep all member countries
involved in and abreast of developments in technica safety matters.

The Committee shall review the state of knowledge on important topics of nuclear safety science
and techniques and of safety assessments, and ensure that operating experience is appropriately accounted
for in its activities. It shall initiate and conduct programmes identified by these reviews and assessments in
order to overcome discrepancies, develop improvements and reach consensus on technical issues of
common interest. It shall promote the co-ordination of work in different member countries that serve to
maintain and enhance competence in nuclear safety matters, including the establishment of joint
undertakings, and shall assist in the feedback of the results to participating organisations. The Committee
shall ensure that valuable end-products of the technical reviews and analyses are produced and available to
membersin atimely manner.

The Committee shall focus primarily on the safety aspects of existing power reactors, other nuclear
installations and the construction of new power reactors; it shall also consider the safety implications of
scientific and technical developments of future reactor designs.

The Committee shall organise its own activities. Furthermore, it shall examine any other matters
referred to it by the Steering Committee. It may sponsor specialist meetings and technical working groups
to further its objectives. In implementing its programme the Committee shall establish co-operative
mechanisms with the Committee on Nuclear Regulatory Activitiesin order to work with that Committee on
matters of common interest, avoiding unnecessary duplications.

The Committee shall also co-operate with the Committee on Radiation Protection and Public
Hedlth, the Radioactive Waste Management Committee, the Committee for Technica and Economic
Studies on Nuclear Energy Development and the Fuel Cycle and the Nuclear Science Committee on
matters of common interest.”
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The 2™ International Workshop on Seismic Observation
in Deep Borehole and Its Applications

Presentation Materials

(Each title is linked to the presentation material)

Opening Session
(Chair: Yoshimitsu Fukushima/IAEA)
Op-01 Explanation of IAEA EBP WA1 (Yoshimitsu Fukushima/IAEA/ISSC)

Op-02 JNES ‘s Activities in the Extra-budgetary Programme of the International Seismic
Safety Centre: WA1 Seismic Hazard (Changjiang Wu/JNES)

OP-03 Aim and points of this workshop: The 2nd Workshop on Seismic Observation in
Deep Borehole (SODB) and its Applications (Yuichi Sugiyama/AIST)

(1) Special Speech

OP-04 Heki Shibata/Prof. Emeritus, Tokyo Univ., Memo on Some Target of Previous
Meeting in 2004 and Now

(2) Invited Speeches

Op-05 Marco Bohnhoff/GDF Potsdam, “Borehole Seismology: Fundamentals and
Applications”

Op-06 Kojiro Irikura/Prof. Emeritus, Kyoto Univ., “Seismic safety of nuclear power plants
based on the lessons learned from the 2011 Tohoku earthquake”

Op-07 Aybars Glrpinar/Independent consultant, “Effective Use of Deep Underground
Observation for NPP Seismic Hazard Analysis”

Technical Session S1 [ Development of Deep Borehole Seismic Observation
System]

(Chair: Hiroshi Sato/Earthquake Research Institute, Marco Bohnhoff/GFZ
Potsdam
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(1) Development of new Observation Technology (high temperature and high pressure
resistant seismometer, multi-depth seismometer installation method)

S1-01

51-02

$1-03

S1-04

$1-05

S1-06

51-07

51-08

Genyu Kobayashi/INES, “Construction of System for Seismic Observation in Deep
Borehole (SODB) -Overview and Achievement Status of the Project”

Hiroshi Sato/The Geological Society of Japan, “Significance of Geophysical and
Geological Investigations of Deep Structure for Safety Evaluation of Nuclear
Power Plants”

Yutaka Mamada/JNES, “Construction of System for Seismic Observation in Deep
Borehole (SODB) -Development of Multi-depth, High-temperature/pressure
resistance seismometer”

Satoru Wada/Tokyo Sokushin Co., “Construction of system for seismic
observation in deep borehole (SODB) -Development of Deep Borehole
Seismometer”

Marco Bohnhoff/GFZ Potsdam “GONAF - A Deep Geophysical Observatory at the
North Anatolian Fault”

John Townend/Victoria Univ., “The Deep Fault Drilling Project, Alpine Fault, New
Zealand: Preliminary results, future plans, and affiliated seismological research”

Peter Malin/Auckland Univ., “Outline and Prospects of SAFOD Project”

Wade Johnson/UNAVCO, "Engineering Analysis of the Recovered SAFOD
Borehole Instrumentation "

(2) Development of economical and realistic investigation method of deep underground

structure

S1-09

$1-10

S1-11

Haruhiko Suzuki/OYO, “Estimation of S-wave velocity structure of deep
sedimentary layers using geophysical data and earthquake ground motion
records”

Toru Kajiwara/OYO Seismic Instrumentation Co., “Development of Simple
Borehole-Seismometer”

Susumu Abe /IGlI, Inc, “Experimental investigation on multidisciplinary
geophysical characterization of deep underground structure using multi-scale,
multi-mode seismic profiling for the evaluation of ground motion and seismic
model building”

1
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Technical Session S2 [ Deep Ground Motion Evaluation (Application to Seismic
Design)]

(Chair: Christopher Juhlin/Uppsala Univ., Hongjun Si/Kozo Keikaku
Engineering Inc.)

(1) Evaluation of attenuation characteristics at deep underground

S2-01 Genyu Kobayashi/INES, “Evaluation of near-surface attenuation of S-waves
based on PS logging and vertical array seismic observation”

S2-02 Hiroaki Sato/CRIEPI, “Site-response Estimation by 1D Heterogeneous Velocity
Model using Borehole Log and its Relationship to Damping Factor”

(2) Evaluation of 3D underground structure

S2-03 Yoshihiro Sugimoto/Dia Consultants, “Development of a new modeling
technique of 3D S-wave velocity structure for strong ground motion evaluation -
Integration of various geophysical and geological data using joint

inversion”

S2-04 Hiroshi Sato/Earthquake Research Institute/Tokyo Univ., “Estimation of
seismogenic source faults by seismic reflection profiling : case study of the
Niigata Basin”

S2-05 Christopher Juhlin/Uppsala Univ., “3D seismic imaging of the subsurface for

underground construction and drilling”

S2-06 Peter Malin/Auckland Univ., “Evaluation of Three Dimensional Underground
Structure at SAFOD Project”

S2-07 Tran Thi My Thanh/ Institute of Geophysics (IGP), VAST, “On Ground Motion
Evaluation and Geophysical Surveys in Vietnam”

Technical Session S3 [ Multi-usage of Deep Borehole Seismic Observation
Technology and Data]

(Chair: Aybars Gurpinar/Independent consultant, Susumu Nakamura/Nihon
Univ.)

(1) Proposal of simple underground structure exploration method for practical application
at nuclear newcomer countries

1ii
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$3-01

S3-02

Nguyen Hong Phuong/Institute of Geophysics(IGP), VAST, “Deep Borehole
Seismology in Vietnam : Needs and Challenges”

Hisanori Matsuyama/OYO & Hiroyuki Fujiwara/NIED, “Construction method and
application of 3D velocity model for evaluation of strong seismic motion and its
cost performance”

(2) International sharing of seismic ground motion observation data

S3-03

Nebi Bekiri/IAEA/ISSC, “ISSC Information & Notification System”

(3) Current status of application of seismic ground observation data, sharing and
application (of data) for safety of nuclear facility

S3-04

$3-05

S3-06

$3-07

$3-08

$3-09

$3-10

Hongjun Si/Kozo Keikaku Engineering Inc., “Application of Seismic Observation
Data in Borehole for the Development of Attenuation Equation of Response
Spectra on Bedrock”

Masashi Matsuoka/Tokyo Inst. Of Tech., “Seismic Intensity Map Triggered by
Observed Strong Motion Records Considering Site Amplification and its service
based on Geospatial International Standard”

Mitsuyuki Hoshiba/Meteorological Research Institute, “Real-time Prediction of
Earthquake Ground Motion: Time-Evolutional Prediction and Real-Time
Correction of Site Amplification Factors”

Katsunori Sugaya/JNES, “Development and Examination of Real-time Automatic
Scram System Using Deep Vertical Array Seismic Observation System”

Katsuhisa Kanda/Kobori Research Complex Inc, “Practical Application of
Site-Specific Earthquake Early Warning (EEW) System”

Yukio Fujinawa/Genesis Inc., “Utilization of real-time seismic hazard information
to make facilities more resilient”

Hiroshi Ishii/Tono Research Institute of Earthquake Science, “Multi-component
observation in deep boreholes, and its applications to earthquake prediction
research and rock mechanics”

v
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International Seismic Safety Centre, International Atomic Energy Agency

The Second Workshop on Seismic Observation in Deep Borehole and Its Application
7-9 November 2012, JNES Kashiwazaki Seismic Safety Center

Seismic Safety of Nuclear Power Plants Based on
the Lessons learned from the 2012 Tohoku Earthquake

Kojiro Irikura (Aichi Institute of Technology, Japan)

Today’s Topics

1. Outline of National Hazard Map in Japan

a: Probabilistic seismic hazard map
b: Scenario earthquake shaking map

2. Evaluation of design basis ground motions for the back-check

of nuclear power plants

3. Short-period source models of the 11 March 2011 Mw 9.0

Tohoku earthquake

4. Period-dependence of rupture processes for megathrust

earthquakes

5. Recipe of predicting strong ground motions from megathrust

earthquakes

6. Summary

1. Outline of National Hazard Map in Japan
before the 11 March 2011 Mw 9.0 Tohoku
earthquake

a. Probabilistic seismic hazard map
Long-term evaluation of earthquake occurrence
+

Attenuation-distance relationship of PGV

b. Scenario earthquake shaking map
Source characterization based on fault model

+
Ground motion simulation using hybrid method

2nd SODB \

0

NS Op-06-1

National Seismic Hazard Map in Japan

Long-term evaluation of seismic activity Strong motion evaluation

Earthquake magnitude, source location, and Seismic intensity
probability of earthquake occurrence from an earhquake

—]

Probabilistic seismic hazard map  Scenario earthquake shaking map

Site amplification map

Fujiwara (2011)




a. Probabilistic seismic hazard map

B Long-term evaluation of subduction-zone earthquakes,
in-slab earthquakes, crustal earthquakes, and diffusive
earthquakes

+

B Attenuation-distance relationships of PGV
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Probabilistic Seismic Hazard Map for Japan
and Long-term Forecast along Subduction Zone

Recurrence of large earthquakes along
Japan trench

NIED (2011)

Revision of long-term evaluation of seismic activity

for the region from the off Sanriku to the off Boso ,
(Earthquake Research Committee , 25 Nov. , 2011)

Earthquakes with the same type as the 2011 off the Pacific coast of
Tohoku Earthquake
mPast Activity
5 times for past 2,500 years
2011 M 9.0 earthquake
15 century from Tsunami deposits
869 (the Jogan earthquake) from a history book
4 to 5 centuries from Tsunami deposits
3 to 4 centuries B.C. from Tsunami deposits
W Return periods
400 — 800 years
average period 600 years
B Probability of earthquake occurrence before the 2011 earthquake
10 — 20 years in 30 years

2nd SODB \
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Probabilistic Seismic Hazard Map in 2011

Without Mw 9 earthquake With Mw 9.0

NS Op-06-2































Inner fault parameters

*Stress parameter (0 ,) on strong motion
generation areas is given as ~ 26 MPa from
the empirical relations for mega-thrust
earthquakes.

*Area of SMGAs is given as ~ 1024 km?
from the high-frequency flat level of
acceleration source spectra (A0). A0 is
taken from the short-period source model
by Kurahashi and Irikura (2012).

*Ground motions are calculated using the
empirical Green’s function method.

*As a result, average stress drop (A 0) is
estimated at1.8MPa and S/Sa, about 14 %.
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Comparison between observed and synthetic waveforms
in northern region (Iwate and Miyagi)

Comparison between observed and synthetic waveforms
in the region near the source fault (Miyagi and Onagawa)

Comparison between observed and synthetic waveforms
in the southern region (Fukui and Ibaragi)

2nd SODB WS Op-06-12







Second Workshop on Seismic Observations in
Deep Borehole and Its Applications
7 — 9 November 2012

JNES Kashiwazaki Seismic Safety Center

Effective Use of Deep Underground Observation for
NPP Seismic Hazard Analysis

Aybars Gurpinar, Independent Consultant
Nuclear and Risk Consultancy
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Contents of the Presentation

» |AEA Safety Guide SSG-9 Site Vicinity and Site Area
Scale Investigations

» Ground Motion Prediction Equations and their
Limitations

» Site Response Models and their Limitations

* Need to Consider the Two Phenomena (GMPE and SR)
Together

« (P)SHA and (P)FDA
» Two case histories: K-K and F1 F2 challenges

IAEA Safety Guide SSG-9 Site Vicinity and
Site Area Scale Investigations

« Site vicinity studies should cover a geographical
area typically not less than 5 km in radius. In
addition to providing a yet more detailed
database for this smaller area, the objective of
these investigations is to define in greater detail
the neotectonic history of faults, especially for
determining the potential for and rate of fault
displacement at the site (fault capability), and to
identify conditions of potential geological
instability of the site area. (Para. 3.16)

2nd SODB \
6

IAEA Safety Guide SSG-9 Site Vicinity and
Site Area Scale Investigations

 Site area studies should include the entire area
covered by the NPP, which is typically one
square km. The primary objective of these
investigations is to obtain detailed knowledge of
the potential for permanent ground displacement
phenomena associated with earthquakes and to
provide information on the static and dynamic
properties of foundation materials to be used in
site response analysis. (Para. 3.19)

NS Op-07-1

3
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Ground Motion Prediction Equations and
their Limitations

» According to para 5.6 of SSG-9, GMPEs
need to include the following parameters:
— Earthquake magnitude

— Seismic source to site distance (e.g. distance
to fault rupture)

— Style of faulting

— Hanging wall effects

— Local site conditions (V30)
— Aleatory variability

Ground Motion Prediction Equations and
their Limitations (Cont’d)

However data obtained in recent
earthquakes in Japan have shown that
GMPEs may not be able to account for
local differences effectively.

Site Response Models and their Limitations

» For sites with V5, > 1100 m/s, IAEA Safety
Standards do not necessarily recommend a site
response analysis. This is done through the
GMPEs which already include Vs,

For sites with V3, < 1100 m/s, a separate site
response analysis is needed. Generally, this
analysis has limitations due to the area/depth of
collected data and the analytical model. Vis
measured under the reactor and to a deptﬁ of
maximum 100 meters. Analytical models
assume vertically propagating S waves through
horizontal layers.

2nd SODB \

Soil Amplification ?

Uniform amplification of ground motion is not possible in
geological layers. That is amplitudes corresponding to
each frequency cannot be amplified individually.

“Soil amplification” occurs as a result of:
Frequency shifts — high to low

Focusing due to topography, inhomogenieties and non-
horizontal layering

Ground motion directivity

Change in boundary conditions

— Co-seismic movement of secondary tectonic features
It is therefore needed to consider GMPE and SR
together!

NS Op-07-2
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(P)SHA and (P)FDA

 Site response may include co-seismic
movement of secondary tectonic
structures in the site vicinity and site area
and therefore a more holistic view needs
to be considered.

» Deep underground observations and

investigations are promising methods to
bridge the gap that we have between ‘site
vicinity’ and ‘site area’ scales.
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Records of Observations at Base-mat Slab of Reactor Building at Fukushima Daiichi NPS

Maximum response acceleration value (Gal)

Maximum acceleration value Static
from observation records (Gal) New design-basis Original design-basis | horizontal
seismic ground motion Ss seismic ground motion | acceleration
Gal)
NS EW ub NS EW uD NS EW e
Unit1| 460 447 258 487 489 412 245
Unit2| 348 550 302 441 438 420 250

Unit3| 322 507 231 449 441 429 291 275
Unit4| 281 319 200 447 445 422 291 283
Unit5| 311 | 548 | 256 452 452 427 294 255
Unit6| 298 444 244 445 448 415 495 500

* [Jindicates the observed value was beyond the response of Ss, the others were under the response of Ss.

470

S

Unit 3 Unit 4

P
+13.0m  Sig'om

Qp.
+10.0m

O.P.-2.06m O.P-2.06m

Records of Observations at Base-mat Slab of Reactor Building at Fukushima Daini NPS

Maximum acceleration value

from observation records

Maximum response acceleration value (Gal)

New design-basis

Original design-basis

Static
horizontal

(Gal) seismic ground motion Ss | seismic ground motion | acceleration
NS EW upD NS EW uD NS EW (G
Unit1| 254 | 230 | 305 | 434 | 434 | 512 | 372 | 372
Unit2| 243 | 196 | 232 | 428 | 429 | 504 | 317 | 309 470
Unit3| 277 | 216 | 208 | 428 | 430 | 504 196 192
Unit4| 210 | 205 | 288 | 415 | 415 | 504 199 196

* All observed maximum acceleration values were under the response of Ss

2nd SODB \

Base mat motions at Daiichi and
Daini

For approximately the same epicentral distance
and distance from fault rupture (about 200 kms)
the base mat motions at the two plants (only 10
kms apart) are significantly different.

The soil properties are similar (~50 meters to Vs =
700 km/s layer).

Plant structures are also similar and the
embedment depth ~ 10 — 12 m for all units.

NS Op-07-3























































5. Summary and future problems

B Summary

JNES constructed the system for seismic observation in deep borehole.

This system includes following three remarkable points for the first dev-

elopment in the world.

- Seismometer applicable under high temperature (up to 150°C) and high
pressure (up to 40 MPa)

- Seismometer recordable from microtremor to strong motion over broad-band
frequency range (0.1 to 50 Hz)

- Multi-seismometer installation technique in one borehole

EFuture Problem
- Deformation of cable causes high frequency noise record
(NS component record at a depth of 1500 m)
— Re-consideration of the length of cable when installing process
- Confirming possibility of seismometer maintenance
- Long term verification test of this observation

(How long recordable by this system ?)

wmes BT TECE TR
- ]

16
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Development of Deep Borehole
Seismometer

Measurement System (APS-355)

» Servo Velocity meter.

It consists of spring-mass system
and control part (servo circuit).

» Control part (servo circuit) on the
ground.

* Only spring-mass system is
installed in underground.

» Optical detection of mass
movement (volume of light).

» 3 cascade sensors (multi-depth).

Specification of Seismometer (ASP-355)

Frequency response

1 0.1Hz~50Hz (-3dB)
Sensitivity : [Velocity] 250V/m/s (2.5V/cm/s)

[Acceleration] 10mV/Gal

Measurement Range (Maximum)

:0.2m/s (20cm/s) , 1000Gal
Resolution : Less than 10 ¢ Gal (at 1Hz)
Temperature range

:-10to 150 deg C
Maximum Pressure

: 40MPa

Prerequisites

I.  Seismometer using under high temperature
(150 deg C) and high pressure (30MPa) at a
depth of 3000m.

ll. Measurement covering from strong motion to
weak motion.

lll. 3 cascade sensors ( multi-depth ).

2nd SODB WS S1-04-1

8
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1. Reduction of high frequency noise ( higher than

10Hz).

2. Long-term test of optical fiber and light source.

Future issues

NEA/CSNI/R(2013)11/PART2

THANK YOU.

2nd SODB WS S1-04-4
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Summary (1)

* The Alpine Fault is an important global target
for understanding continental faulting

e DFDP-1 has permitted novel observations of
ambient conditions and fault zone architecture

Summary (2)

* These observations have been made late in the
inferred 2—400 yr cycle of strain accumulation

* DFDP and the allied geoscientific research
projects involve vital international
collaboration

Summary (3)

e Planning is now underway for the second stage
of DFDP, with funding from the Royal Society of
New Zealand (RSNZ) and the International
Continental Scientific Drilling Program (ICDP)

2nd SODB WS S1-06-6

9
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* Pinnacle:

» Ralf Krug
» Etiene Samson

» Michael
Hochmeister

USGS:

» Steven Hickman
» William Ellsworth
> Andy Snyder

« University Of the

Pacific:
»William Stringfellow
»Jeremy Hanlon
»Chelsea Spier

- |ESE:

»Michael Hasting
»Peter Malin

2nd SODB WS S1-08-8
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Flexible combination of teleme
autonomous recording system

< 150m

2nd SODB lNS S1-11-1
128
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2nd SODB

~ 1

S $1-11-3
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Comparisons of site responses

@ Transfer functions of 1D layered velocity models based

on microtremor array exploration are relatively larger in

the frequency over about 3 or 6 Hz than the observed
site responses.

1D model transfer functions > observed site responses

Actual characteristics of velocity structure

NEA/CSNI/R(2013)11/PART2
Is it possible to use high-frequency site
response estimation?
€ 1D layered velocity models based on
microtremor array exploration are not

appropriate enough for the simulation of
high-frequency site responses.

@ Because these models are only calibrated for

the use of long-period ground motion
simulation.

What is short for existing 1D layered model
in the high-frequency site response estimation ?

10

from precise velocity log.

@ The precise velocity structure in this area is strongly

characterized by two factors of depth-dependence and
random fluctuation.

— Shin-fakeno
& cho

|

£

4(
A,
o ‘WWWW "

|

b \Mﬂ\
N

Depth{km)

Borehole logging (Sonic-log).
was conducted by

61

o JNOC[1994] (Japan National
e Oil Corporation; the
P-wave vel (kmis) predecessor of JOGMEC)

2nd’SODB lNS $2702°3
139

Toward the improvement of
1D layered velocity model
€ From precise velocity structure :

It might be suggested that the two factors
(Depth-dependence & Random fluctuation)
should be considered in a velocity model, for

the better estimation of high-frequency site
responses in the Niigata area.

In existing 1D layered velocity model...

@ Depth-dependence: Roughly considered.

€ Random fluctuation: Not considered.

12























































3D seismic imaging of the subsurface

NEA/CSNI/R(2013)11/PART2

: Outline
for underground construction and
drﬂhng « Motivation
« Methods
. Examples
Christopher Juhlin :
. - CO2 st t Ketzin, G
Dept. of Earth Sciences . > O,Iage ? .e “n e@any
Uppsala University — Millennium uranium deposit, Canada
- Forsmark spent nuclear fuel repository, Sweden
— COSC drilling project, Sweden
« Summary
C Juhlin, Uppsala University 2 JNES, 8 Nov 2012
Motivation Methods

 Planning of drilling and deep construction projects
require a good understanding of the sub-surface
structure

 Seismic methods provide the highest resolution
images (5-10 m) of the deeper (1-5 km) sub-surface

« Development is still necessary for improving
methods for seismic applications in the crystalline
rock environment

« Active source

Reflection seismic imaging (CDP)

Traveltime tomography

* Requires downhole sources/receivers
* Resolution is less then CDP imaging

Seismic waveform tomography
. Passive source

Lower resolution

Cannot necessarily focus on objectives

C Juhlin, Uppsala University 3

Jﬁnd@SQD B MS 82'0 51H11. Uppsala University 4 JNES, 8 Nov 2012
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COSC 1 (2.5 km): Drilling planned for 2013 «
dependent upon funding Summary

CoP

« 3D seismic methods are proven in the sedimentary
environment

. Development is necessary in the crystalline

environment, but numerous successful case histories
exist

Elevation (km)

« Integration of geology, geophysics and drilling
provides the optimum interpretations

Distance (km)

C Juhlin, Uppsala University 29 JNES, 8 Nov 2012 C Juhlin, Uppsala University 30 JNES, 8 Nov 2012
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That’s all.
Thank you for your attention .
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Seismic Intensity Map Triggered by Observed
Strong Motion Records Considering Site
Amplification and Its Service based on
Geospatial International Standard

Masashi Matsuoka

Tokyo Institute of Technology

(National Institute of Advanced Industrial Science and
Technology)
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Background and Objectives

Currently, the seismic intensity information is released on the basis of
the instrumental seismic intensity measured by approximately 4,200
seismographs installed throughout the nation. However, since the
seismic motions vary depending on geologic and geomorphologic
features, the ground motion at a location without a seismograph is not
always consistent with the seismic intensity recorded by a
seismograph close to the point.

In order to take effective countermeasures against seismic disasters
and implement business continuity plans (BCPs) for municipalities and
private companies, the quick estimation of strong ground motions for
wider area is very essential at the early stages of disaster response
activities.

Background and Objectives

A first step for solving the issue can be to establish wide-ranging,
seamless, and consistent precision data on amplification capability of
ground and estimate and release the strong ground motion map of
the concerned areas immediately after the occurrence of an
earthquake.

Data and Platform
Data: strong ground motion network (NIED), geomorphologic map and
amplification capability
Platform: GEO (Global Earth Observation) Grid (AIST)

GEO Grid aims at providing integrated service using a wide array of geoscientific
information such as geologic maps and other digital geographically referenced
data based on Grid and Web service technologies in accordance with
international standards.

Contents

QuiQuake (Quick estimation system for earthQuake

maps triggered by observation records)

seismic event triggered quick estimation system for the generation of
earthquake maps using earthquake observation records

* Amplification capability from geomorphologic condition

» Advantages of QuiQuake

2nd SODB WS S3-05-1
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Relationship between Vs30 Estimated
by Regression Analysis and Actual
Vs30

T T

No. of data=1937

« Estimation by regression
equation improved the
estimation accuracy by
+0.129 of logarithmic
standard deviation, which
shows that Vs30 can be

1000 | CC=0.82
[ sD=0.129

[ (0.74 1.34 timeg)

90
%%}'-

Relationship between
Estimated Vs30 and Actual
Vs30 (comparison by areas)

=z
52

@wa

g 5 5 5 vk
% estimated more g € : il
< accurately than by 2 2 2 B
' existing empirical formula. b b b
100 12
' ytf. 0 [¢]
' 1_19-5" ° | AVS | AVS3C | AVS
10‘0 10(‘]0
Estimated AVS30 (m/s) 21 22
Estimated Vs30 Map Using DEM and Site Amplification
Geomorphologic Data Capability Map from
Estimated Vs30 Map
PGA:
log Amp = b log (Vs30/600) =+ 0.200
b=-0.773(7",,<3x 109
=2.042+0.79910g 7'sy (7' 23 %10
) 7'.4= 0.4 PGV / Vs30
PGV:
log Amp = 0.852 log (Vs30/600) = 0.166
(Fujimoto and Midorikawa, 2006)
Imal
Amp =374 134blogVs30 =+ 0.18
(Midorikawa et al., 2008)
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PGV Amplification Map
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SUMMARY

Japan has a long history of borehole measurements on crustal activities
including 4 deep boreholes of 3km deep in Tokyo.

Methods of borehole data usage are presented for Earthquake Early
Warning (EEW) , imminent earthquake prediction and crustal health
monitoring.

Firstly presented the hybrid system for seismic hazard evaluation system
using regional EEW and on-site vertical and horizontal seismic
observation data.

Seismic hazard estimation by the hybrid system has been proved sufficient
for BCM of important facilities through several major earthquakes.

The deep borehole electric measurement has succeeded to find particular
variations which define the nucleation stage of earthquake occurrence.
The variations are supposed to be induced by the micro-cracks through
the electro-kinetic effect.

The crustal health check is proposed by establishing vertical electric
variation monitoring network in and surrounding the large scale facility

both for maintenance of the plant and CSR to neighboring region.
2

CONTENTS

1. Introduction

2. Earthquake Early Warning

3. Imminent Earthquake Forecast
4. Emergent Response

5. Sharing of Disaster Mitigation
Information

1. Introduction
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Time Sequence of Control by Hybrid EEW
(2011/03/11 14:46)

2011/3/11:14h IWT 009
TIME event (NS) OBS.EEW (est) jpqqcry comments
(gal) (gal)
46m18.1s origin time

40.2 EQ detect
45.6 1st EEW 0.4
46.7 2nd EEW 4
47.7 3rd EEW 15
48.8 4% EEW 27 EEWg ( M7.2)
49.6 P arrival P(e)arrival:44”.2
49.8 5" EEW 7
61.7 Peak 1 28 95 (Sa(P))
62 9" EEEW 52.7
63 S Arriv. 79 270 (Sa(P))
65.4 Peak 2 123 401
75 Maximum. 664

Performance of Automatic Control

150 3

' SHUTDOWN (SI(JMA)4.6: 120gal/3Hz)

+
~ 100 —
T :\\ THRESHOLD for GAIA { 67%
\E : \\
(U] e
a 50 ) S THRESHOLD for EEW : 10%

1 L e e

! | L e

| [ -==-

0 ¥ v
0 20 40 60 80 100
FREQUENCY (N)

Seismic Hazard Forecast using Deep Borehole Data
1. Addition of deep data: we have designed

1) on-site data ( surface: S;)
2) local network data (M, Dy, S;-S,):
3) EEW(regional network data) S,

4) Hybrid of 1) & 2), 3) >4
: : So
2. Near Field Case (D first)
1) One data arrival &
non-arrival method Mo
2) Two data A-NA method S, S;

24
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3. Earthquake Prediction
1) Development Stage of EQ Prediction

(1) Research on EQ Precursory Phenomena

(2) Taxonomical Classification: almost completed
(3) Statistical Evaluation: preliminary stage

(4) Fundamental Modeling: hypothetical stage

2) R/D to ensure security of more serious concern

(1) There was apparent progress in 2011.

(2)Needs to conduct extensive experiments
(3) Expect a complete scenarios of emergent

preparedness using EEW and forecast
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Underground Electric Field Measurement Pulse-Like Characteristic Electric Field Variations
s @ ®

WLF: Hz Hy. Hz

|C3c¢.:p_megnqtlc signal - | | i ﬁ..._ 120
f WLF : Ex. =y ] + 1 levm '
I 2-comp. horizontal i | .ZU -05 i)
/l_—_% sleciric signals | 300m/G I _!_ 100 L
! ! T Tm = T ;_,_J__)fj\ DC-Q. T Hz | - DC--(I)ﬁIlIz I_
=] i 5 EHERRAR
i | 40-100 md —)T‘,ri—)f“ ULF ;- 20
D I | 0. u‘ 0.7 Hz L
Ma tic i 1 1] e
Magosilc .Siesle, > |4 oy I 1
150—1,200m |28 -7 T Event recarder| |
” l GF'S WLF(i-9 kHz): Ez | 40
Clock |
Borehola antenna Vertical alectric sngna[!
——— =h = 20 — —
"" station 5 D *
0 10 20 30 40

Time ¢(s)

We have been observing electric field variations related with
earthquake occurrence to find anomalous phenomena to be applied
for prediction. The detection sensor is to measure vertical
components of electric field by a special antenna made of a vertical
casing pipe that is set into a borehole. We have been using 13
boreholes ranging from 100 ~ 1,800 m deep since 1989.

The particular pulse-like variations similar to the time evolution of
geyser (GUV) have been detected in association with seismic swarms
and volcanic eruption activities . The signals have never been detected
in a normal state, and have been observed in almost all volcanic
eruption activities and seismic swarms near the observation points.

Observation Site and Rupture Image of “ 3.11”

Geographical
relationship between
the observation site
HASAKI and the
rupture zone and
displacement
distribution of the
Tohoku Earthquake
(revised from NIED,
2011). Here we show
that there are typical

pulse-_lik(_a wavef_()rr_ns of Particular wave-form of the
electric field variations pulse-like signals in the DC and
associated with micro- AC bands.

cracks just before and
around the Great
Tohoku Earthquake on
March 11.

a) type A variation is the same as observed at the time of volcanic activities, b) Type
Bl is similar to GUV except the smaller duration of several tens of ms and several
steps in the process of decreasing. ¢) Type B 2 is a wave packet with a carrier
frequency of a few hundred Hz and duration of several ms. d) Type B 3 is the
compound of B 1 and B 2. e) Type C wave form in the AC band.
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Thank you very much
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Scene of calibrating stress meter

water pressure (MPa)
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An example of calibration showing relationship between water pressure and output
voltage for stress mew-:ér

ter Press.(MPa)=3.91—3.94*Volt

14
I..
L]
..
...
8 T
....
...
....
...
L[]
0..
[ ] ..
..
0 .I.
-2.5 -1.0 0.0 1.0

output (volt)

IS HEDKEEH DBEDEFRDHE

An example of calibration showing relationship between strain and

output voltage for stress meter

strain=6.44E-06*volt+1.32E-07

7 T T T

x10/-7
T

T T T
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3 examples showing reliability of
Stress meter
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Summary

1. We have developed multi-component borehole instrument that
can be operated in deep boreholes like 1 km depth. It is equipped
with stress meters, strain meters, tilt meters, seismometers,
magnetometers and thermometers and arbitrary combination of
the sensors can be possible.

2. Stress meter is recently developed and it can observe both stress
and strain.

3. Reliability of stress meter was confirmed by use of invariant
quantity of elastic theory and other tests.

4. Data obtained from stress meter will offer new information
concerning seismology and rock mechanics in future.

2012/11/9 workshop JNES
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