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The nuclear power plant disaster accompanying a great earthquake and the plan to avc

the disaster

oooog
Kozo Takahashi

Qg
I'None

gogodogoobboooboodoooooooobobooboobobbbodoooob b bbb oooU g
0000000000000 0000oo0o0oooooooood{er}

0000000000000 000000O00000O0UDOO00DoOoOooUoooooooO {erf}

0 1979/03/280 Three Mile Island D 0000000 BackupPom@pl 000 000000000000 0OOOOOO
O000000ooooooo00oo0oo0o000000oo0ooo0o0DooDoo0O0O0OOOdChernobylD 00O 1000
O00000D0o0000oDooooOooooloo000000Chernobyld 0000 16610 0000000000000
g00O00obOOogoOoo9eYsoooobooooodoooboo0ooD0m@ooboooooooooooooooogo
0000000000000 000000000000000DoOOo0ooDoDOO199r/02/0 000 ooooooon
0000 PompU 000000000 D0O0OOOO0ODOOOOOOOOOOOOOOcr}

0 1986/04/261 ChernobylD 000 0000000000000 000000000000000000O00O0O0O00O0O
goodoobooboodooooooobobobbbooooooobbDbb bbb LD oo
gogogooboooobooododoooooooobboboobobobooooooLDbL b bbb UoUoUua
goooobooboobooobooboobooboobObooOboOoboobUoobDboOobDbOoobuooboo
000000000 000000C0000000000000000001999/09/30 0000 unnooooooon
000000000000000000000000UDo0DUooDoDoOoO{cr}

gooogooobobobboobobobobbobotoogobobbootubobbbbboboog
ooo{crl}

g0o000O0oO0ObO oiAS00poUooooUoboOooOooOlsonDdD0obdobO0ObOOobobOoboooboOooOooboon
000000D0O00000oooo00ooooooooO0000oooooooOozoees/o6/140 7.2000:0 kmd
0:000000000085kmO000000O00O0OO 410000000000000000C0O0COOODOOOOO
goooooobobobobbooooooooobbobobobbbdoooLDb bbb U LD B
gooooooboobooboooodoooooobbobbobooooooob bbb bbb L
oo0o0d{crf}

Oo0oooo 15kmOMO.00000000DOOO0DOOOOODOOO0OODOOOOODODOOOOODOOOODOO
gooooobooboobooobooboobuoobooboobbooboobooboobbOobDbOoobooboo
00000000 oooooUVoDoOoDoODoODoOD (PUOOODODODOODDDODOOOODOODOOOOUPLOOOOOOOO
Chernoby0 D0 0000000000000 O0ODOOOODOOUOOOOODOUOOOODOUOOO{cr}

g0o0bOOobOooOOooOOo 100000000 b00DbOO0ODO0ODO0OO0000O0OO000DO0ODOOD 1IoOobODbOoDOon
gooobobooboobooboboooboobooboobDboooDbOoobo0obooboobDbooDbooboo
gooooboobooboboobooboooboboobooboboobooboobDbooboobDbOoobboo
gooooooboooooooooOobooooboooboobDOoo 1D bOoOobDOobDbOobDOoLoDboOoo
Oo0Ooool1o0kmOOOOO0OO0OO0OO0OOMDO 8200000000000 O000DOOOOUOODOOOOOOOODOO
gogogobbobbdododooooobbobbbooooobbbbooooobo

goooo:0bo0,00b00,00000
Keywords: neuclear power plant disaster, great earthquake, earthquake directly under the plant



Japan Geoscience Union Meeting 2011 ‘®
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SS5S023-02 o0:0000a0 Ood:50 230 08:45-09:00

Jogoobbuogooouobobuooooobbbuoooobobbuooogd

[]
Transdisciplinary Study on Earthquake-related Diseases (7) For Improving Emergenc
Ambulance Activities

ooo
Yutaka Ohta*

looooooooo
1Tono Research Inst of Earthq Science

obooooo

gobooobooOooboooooooboooooooboooboooooooooooooooOoobooooooonooon
O00000ooOo0O000ooooO0o000oooODo0o0o0ooo0oooOo0o0OoooOooon0DO 1190 callDOO
oo0o0O0O00000000oooooOoO0O000O000ooOooooOOO00o0ooooooooOoOODO 0000000
googooooooooo0o0ogoooooooo0ooooooooOooO00oooooooooooDoooO0oO 119
OcalUDOODODOOODODODOOOOOOO00000OOODDOOOODOOO00O0O0OODOODODDOODOD Simulation
obooooooboobobooooooooooooobobobooboobooooooobOOobOobooobooooobooonoa
boboobOobooboobobooooobooooboobooboobobooooobobooooaon

O

oo0ooooooooogon

O0000000D0OD 1190 CallDODOOODODOOOO0ODO 14000 000000000 30000 1000000000
oboobOoboooboobooooobooo,0ocobobo0ooooDoooboboooboobooonboooooboOonoonoo
ooooboooboooobooobooobooooobooobooobooboooboobooobooobooobooooooOon
booooooobooboboboooomooooooboboboboooooboobooboboboboooooooon
bbooboboooboobooooobooboooooboooobooboooooono

goo00O0O0OO0O00O0O0O0O0O0OO0OO0DO00O000O00O0 190 CdlDODODDDODDODODODODDODODODODOODODOOOO
0000000000000 0O0O0O000000000000000000O0O0O00D000D0O 1190 CalDOOOOO
oboooooobobobooooooobobobooooooooOoobobooooooobobooboooooOon
gbooobobooooobooooboboooooboooobobooooboobooooboboOoooboOobOoon

oo oo

0000000000000 0O000000000000000000000000 1190 calDooooOoOoOO
oboobooooooooobobooboooooooobooboboooooooboobOobooboboooooooooboOoono
boocooooobobobooooooobobobooooooobOoobobooobooooboobOobooooooon
booobOoboboboooooboooooboooboboboooooooooboobOobobobooobooooboona
gooooooooboboboooooooboboboooooobDobobooooooobDobDobDobbooDOoD
gooooooooooboboboooboooooooboooboboboooboobooooboboboboboboooooo
gbooobOoboooboobobooooobooooooo

goOoOOoQoQooo simulatonDOOOOOOOOOOOOOOOOOOCOCOCOOODOODOODODOOOODOOOO
booooooobooboboboboooooooooboboboooooooooboobOoboboboooooooon
ooooboooo

O

ooo

gogogozol@Qoooooo0ooooooooo0oooooooooooboogooooDoboooooooDoDoD
OooooboOooz2o10000000000000

gogogob:bobooooo,boo,obbb,oobobb,0ooobobobooo
Keywords: Earthquake-related Health Consequences, Seriousness Level, Ambulance Activity, Call-response Rate, Simulation



Japan Geoscience Union Meeting 2011 d
(May 22-27 2011 at Makuhari, Chiba, Japan) 9

©2011. Japan Geoscience Union. All Rights Reserved. apan
Geoscience
]U““’“ )
SSS023-03 o0:0000a0 00d:50 230 09:00-09:15

Joobudobooobobgobobuoobbuoobbuoobbuooobn

10
Benchmark Tests for Strong Ground Motion Simulations (Part 6: Theoretical Methods,
Step 3 &4)
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Benchmark Tests for Strong Ground Motion Simulations (Part 7 : Numerical Methods,
Step 3 &4)
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Benchmark Tests for Strong Ground Motion Simulations (Part 8: Stochastic Green’s

Function Method, Step 3 & 4)
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Multi-GPU-accelerated simulation of seismic wave propagation for models with land-

ocean topography
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Accurate simulations of seismic wave propagation using the heterogeneous Earth model is essential in evaluating the stror
ground motions due to earthquakes. Recent study with realistic models of land topography and oceanic layer have been reveali
their effects on the seismic ground motions (e.g., Nakamura et al., AGU Fall Meeting, 2009). Thus the effects of the land-oceat
topography need be incorporated in the simulations and be studied further for better understanding of the ground motions. |
order to include those effects, we have recently proposed a unified approach (Takenaka, SEGJ 2009) to model structures wi
both the irregular free-surface (i.e., land topography) and the irregular water-solid interface (e.g., ocean bottom) in 3D seismi
modeling with the finite-difference method (FDM). The approach allows to incorporate the effect of land-ocean topography with
sufficient accuracy.

Thus, we implement the unified approach into multi-GPU finite-difference method (FDM) program. The GPUs are adopted
to accelerate the simulations because, not only the accuracy, but also the efficiency (performance) of the numerical method
important for the simulation of the seismic wave propagation. GPU (Graphics Processing Unit) is a remarkable device for its
many core architecture and for its high memory bandwidth. Recent GPU delivers extremely high computing performance (more
than one TFlops in single-precision arithmetic) at a reduced power and cost compared to conventional CPUs.

In this talk we present examples of the simulations by using the new TSUBAME-2.0 grid cluster in the Global Scientific
Information and Computing Center, Tokyo Institute of Technology. TSUBAME-2.0 is equipped with 4,224 NVIDIA M2050
GPUs and is ranked as world fourth fastest supercomputer in the recent TOP-500 list. Our MPI-parallel FDM program with the
three-dimensional domain decomposition have achieved a performance of about 42.7 TFlops by using 1,200 GPUs so far. Tt
weak scaling was nearly proportional to the number of the GPUs. We will also present some examples of visualization of the
wave propagation for realistic land-ocean model.

ooodo:GPUODDOODO,0D00,00,0000
Keywords: GPU, seismic wave propagation, finite-difference method, topography, ocean bottom topography
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Low-frequency seismic wave simulation with tuned 1-D structure
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Spectral Amplification Factors for Long-Period (3 to 10 s) Ground Motions in and around

the Los Angeles Basin during the

00 O ', Erol Kalkar?
Ken Hatayam&, Erol Kalkar?

0000000000000, 2U.S. Geological Survey
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Mw7.2 El Mayor-Cucapah earthquake that occurred near the U.S.-Mexico border on April 4, 2010 is the first event providing
a number of high-quality recordings to study long-period (3 to 10 s) ground motion amplification in and around the Los Angeles
(LA) basin. In the LA basin, about 300 km away from the source, higher PGV values (* 0.1 m/s) of long-period ground motions
were observed relative to its surrounding area. By using more than 200 records from this event, spectral amplification factors ¢
long-period ground motions were evaluated in and around the LA basin with respect to reference hard-rock sites. The main ok
servations of this evaluation are the following: (1) Relative to the hard-rock reference sites, the maximum amplification is about
a factor of 5 at 8 and 10 s periods in the central part of the LA basin, where depths of Vs 3.2 km/s and Vs 2.8 km/s isosurface
according to the latest Southern California Earthquake Center Community Velocity Model (SCEC CVM-H 6.2) are correlated
strongly with the observed high amplification; (2) in the San Gabriel valley, located northeast of the LA basin, the maximum
amplification is about a factor of 3 at 8 s, and it is correlated well with the depth of Vs 1.5 km/s isosurface; (3) the largest ampli-
fication reached to a factor of 10 at the 6 s in the western part of the LA basin (Manhattan Beach), where the SCEC CVM-H 6.2
failed to provide the feature of the underground structures corresponding to the observed high amplification. The observations (:
and (2) mean that there is no single Vs isosurface that represents spatial variations of the long-period ground motion amplificatio
observed in and around the LA basin. Finally, we compared the spectral amplification factors from the observations with those
from the simulations using a simple point-source model and the SCEC CVM-H 6.2. Although the simulation results generally
agree with the observations for spatial variation of amplification factors at long periods over 8 s, they tend to overestimate the
intensity of amplification factors. Including Q-values and/or using detailed source model might improve the agreement betweer
simulations and observations.

O000D0:000000, Los Angeled] O, El Mayor-Cucapall O, 000 O
Keywords: long-period ground motions, Los Angeles basin, El Mayor-Cucapah earthquake, spectral amplification factors
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3-D underground structure model and simulation of seismic motions in the Mikawa area.

Aichi prefecture
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Estimation of Rayleigh wave group velocity in the 1891 Nobi earthquake fault system

using seismic interferometry
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Figure 1. a) Attenuation model for acceleration response spectra proposed by Kanno et al. b) acceleration response spec
using observed records c) site effect correction factors

Seismic networks, such as KIK-net and Hi-net, provide valuable information for studies in engineering and seismology. Re-
search related to the site effect of strong ground motion attenuation use the soil information (especially those extracted fron
Vs30) of the stations. Many other studies have been concerned with Vs30 at K-NET stations assuming this is the paramete
that correlates with site effect. On the other hand, some networks (more than 1000 locations) that are operated by JMA or loc:
prefectural administrations do not have soil information. While Vs30 is debated as the correct factor to evaluate site effects, S
et al, (2010) have proposed an effective yet easy methodology to assess site effect in attenuation relationships. This correctit
factor (CF) for site effect is not a function of Vs30 but instead is dependent on previous recordings. It is calculated by employing
an average operator of the ratio of observed ground motion to a reference attenuation model. The advantage of the method is tt
the site effect can be estimate without soil information.

Kanno et al, (2006) proposed a standard attenuation relation considering acceleration response spectra for Japan. They u:
a CF function of Vs30 which were determined from KIK-net stations and summed these with spectral amplitudes in particular
frequencies. They applied the CF to their data and were able to reduce the standard error. We use this attenuation relationship
a reference model in our analysis. The method was tested in an area bounded by 133-135E longitude to 32-36N latitude in whic
152 K-NET stations are located. We focus on the Tottori region and have evaluated 46 crustal earthquakes>wit. Mk@m
over 7000 records we extracted 596 records that satisfied two criteria a) the stations were within 100 km hypocentral distanc
and b) the recorded seismic signal was larger than 10 gal.

The acceleration response spectra calculated attenuation model by Kanno et al, (2006) is shown in Figure 1a. Here, the K-NE
station SMNO016 with a Vs30 value of 259 m/s is given as an example. Figure 1b is acceleration response spectra estimated fro
13 events recorded at that station from 1997 to 2010. The coefficient factors are plotted in Figure 1c. We observed that the methc
gave sufficiently good results if there are adequate station records. We find good agreement between our results and previou:s
methods that use Vs30. Thus, the methodology used in this study is an alternative method for evaluating site effects to obtai
more reliable attenuation relationship models.

Sta, Mames SHMOAG / [132,8146 35,1957]

Recorded data 3 Kanno et al 2006 102 Ys30: 299 (n/s) 13 Events recorded
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Influence of super-shear on simulated near-source ground motion from the 1999 Izmi
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Influence of super-shear on simulated near-source ground motion from the 1999 Izmi

earthquake
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We numerically simulate seismic wave propagation from the 1999 Mw7.4 Izmit, Turkey, earthquake, using a 3D finite dif-
ference method based on published finite source models obtained by waveform inversions. This earthquake has been report
based on observations at the near-fault station SKR, as an example of super-shear rupture propagation towards the east. Althol
the modeled ground motion does show a characteristic Mach wave from the fault plane, it is difficult to identify any particular
effects in terms of peak ground velocity, an important parameter in earthquake engineering. This is because the fault spati
heterogeneity is strong enough to mask the properties of super-shear rupture, which has been reported through several numers
simulations mostly based on homogeneous fault conditions. This study demonstrates the importance of studying ground motior
for known earthquakes through numerical simulations based on finite-fault source models.

0 0 0 0O O : ground motion, super-shear rupture, Izmit earthquake, finite source models, finite difference simulation
Keywords: ground motion, super-shear rupture, Izmit earthquake, finite source models, finite difference simulation
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The 2007 Mw8.0 Pisco earthquake was a thrust event originating at the interface of the Nazca and South-American plate:
in a region slightly north of where the Nazca ridge encounters the trench and is being subducted beneath the Peru margin. Tl
source area of the Pisco earthquake was located 160 km south-east of Lima, off-shore of the Pisco city, in a region filling the ga
between the 1974, Mw8.0 Lima earthquake, and the 1996, Mw7.7 Nazca ridge earthquake. The source model of this earthqua
displays two distinct asperities, the first one located near the hypocenter at a depth of 39 km, and the second one located 60 k
to the South at a depth of 17km (Sladen et al., JGR, 2010). The source time function of this earthquake was also characterize
by two episodes of moment release, the first one at 10s and the second and largest one at 80s, separated by a very low appa
rupture velocity of 1.5 km/s. These features suggest that the earthquake may have been characterized by a delayed rupture
two isolated events, each with a conventional rupture velocity. Ground motions from this earthquake are also characterized b
two clear sub-events originating from each asperity, as can be observed from strong motion recordings of the mainshock at Lim
(NNA), and Parcona (PCN) stations. The acceleration waveform at PCN station, which is located above the source area of tt
earthquake, is characterized by an atypical pattern, namely that the peak amplitude corresponding to the first sub-event is mo
than 5 times larger than the peak amplitude from the second sub-event, despite the fact that the second sub-event has a mt
larger moment release and is located closer to PCN. To explain this unusual pattern one may think of large differences in th
propagation characteristics between asperities 1, 2 and PCN, or differences originating at the source. We may rule out the cont
bution of site-effects to explain this difference as we can assume it is the same for both sub-events.

Based on the aforementioned source model we simulated the strong ground motions at PCN and compatre it with the observ:
record. Our simulations show that a variable radiation pattern across the fault plane can provide an appropriate explanation on tl
relative differences in amplitude for the two sub-events at PCN. The radiation pattern of S waves for a point source at the centroi
of asperity 2 shows that the location of station PCN is coincident with a nodal plane of SH waves. Therefore the large seismic
radiation released from this asperity is dramatically reduced at PCN by a very small radiation pattern coefficient. In contrast the
seismic radiation from asperity 1 is modulated by a large radiation pattern coefficient, as its azimuth relative to PCN differs by
approximately 45 degrees with respect to the asperity 2 to PCN azimuth, thus enhancing the source contribution to amplitude
from the first sub-event at PCN. On the other hand the source model of the Pisco earthquake displays a small average rise time 1
asperity 1 (around 1s), as compared to a large rise time for asperity 2 (around 7s), which may also have contributed to magnit
the amplitudes from asperity 1.
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Map showing the assumed fault (dotted rectangle) and strong motion stations (top left), the
characterized source model (bottom left) and abserved (black} and synthetic (red) ground
velacities at NIGO19 and Kawaguchi-cho (right)
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