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ABSTRACT: Strong motion simulations for Fukushima Dai-ichi and Dai-ni are carried 
out applying two models as a source fault model of the main shock. The result of these 
simulations well reproduce response spectra of the observation records at each site, and 
suggest that the asperity, or strong motion generation area, near the sites for each model 
have the largest impact in the higher frequency range of strong motion. 
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INTRODUCTION 
 

On March 11th, strong motions caused by the Great East Japan earthquake were observed at 
Fukushima Dai-ichi Nuclear Power Plant and Fukushima Dai-ni Nuclear Power Plant. There were 53 
seismometers installed at Fukushima Dai-ichi NPP and 43 at Fukushima Dai-ni NPP, both in the 
buildings and free field borehole arrays. At Fukushima Dai-ichi NPP, peak acceleration of 550Gal was 
observed on the foundation slab of the reactor building of Unit 2, and 305Gal at Fukushima Dai-ni 
Unit 1. Observation records in the Fukushima Dai-ichi reactor buildings are almost the same level as 
the response simulation result using the design basis ground motion Ss although some of the peak 
acceleration values slightly exceeded those of the simulation results. 

Here strong motion simulations for Fukushima Dai-ichi and Dai-ni are carried out applying two 
models as a source fault model of the main shock. Also rock outcrop motions are estimated for each 
site using strong motion records at the downhole arrays, in order to evaluate the ground motion during 
the main shock at these NPP sites’ compound. 
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STRONG MOTION OBSERVED AT FUKUSHIMA DAI-ICHI AND DAI-NI NPP 
 

At Fukushima Dai-ichi Nuclear Power Plant and Fukushima Dai-ni Nuclear Power Plant, seismic 
observations have been made by seismometers installed in the site foundation, reactor building of each 
unit, and seismic observation house. At Fukushima Dai-ichi Nuclear Power Plant, total of 53 
seismometers are installed for seismic observation. As for the Fukushima Dai-ni Nuclear Power 
Station, 43 seismometers are installed. Figure 1 - 4 show the overview of seismic observation points at 
Fukushima Dai-ichi Nuclear Power Plant and Fukushima Dai-ni Nuclear Power Plant, and observed 
strong motion records during the earthquake in the downhole arrays at each NPP site. 
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Fig. 1 Schematic location of the downhole seismic arrays installed at Fukushima Dai-ichi NPP 
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 Fig. 2 Schematci location of the downhole seismic array installed at Fukushima Dai-ichi NPP
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Fig. 3 Soil profile with seismometer locations and observed acceleration time history 
in the south free field bore hole array at Fukushima Dai-ichi NPP 
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Fig. 4 Soil profile with seismometer locations and observed acceleration time history 
in the free field bore hole array at Fukushima Dai-ni NPP 
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GROUND MOTION SIMULATION AT FUKUSHIMA DAI-ICHI AND DAI-NI NPP SITES 
 

As for the Great East Japan Earthquake, several source models are proposed using GPS data, 
tsunami records, strong motion records or teleseismic records. Source models proposed by Kamae and 
Kawabe (2011) and Irikura and Kurahashi (2011) are ones which can be used for the estimation of 
strong motion including high frequency range, crucial for the seismic safety evaluation of nuclear 
facilities. Here ground motion simulations at Fukushima Dai-ichi and Dai-ni NPP site are conducted 
using source models by Kamae and Kawabe (2011) and Irikura and Kurahashi (2011), in order to 
evaluate source characteristics of the main shock and effect on the sites. 
 
Ground motion simulation using the source model by Kamae and Kawabe (2011)  
 

First, ground motion simulation using the source model by Kamae and Kawabe (2011) is carried 
out. Fig. 5 shows the characterized source model consisting of five asperities proposed for the main 
shock, its source parameters and the source parameters of the two small events observation records of 
which are used as Empirical Green’s Functions (EGFs) in order to synthesize ground motion of the 
main shock. 

Fig. 6 shows the computed acceleration time histories and response spectra at a depth of 200m 
(GS4 and FF4), compared with the observation records at the same location. Not only the waveforms 
but also response spectra are consistent with the observed ones. 

Fig. 6 also shows calculated response spectra for the ground motion produced by each asperity 
compared with the one produced by the whole source area. These comparisons suggest that strong 
motions in the high frequency range at each NPP site are mainly generated by the asperities near the 
sites (Asp 3 – 5). 
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Fig. 5 The source modlel and source parameters (quoted from Kamae and Kawabe (2011)) 

317



 
 

0.1 0.2 0.5 1 2 5 10
0.5

1

2

5

10

20

50

100

200

500

50

10
0

20
0

50
0

10
00

20
00

(cm
/s

 )2

0.01

0.1

1

10

(cm)

 
(h=0.05)

GS4-EW (Fukushima Dai-ichi, O.P.-200m) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Ground motion simulation using the source model by Irikura and Kurahashi (2011)  
 

Secondly, ground motion simulation using the source model by Irikura and Kurahashi (2011) is 
carried out. Fig. 7 shows the characterized source model consisting of five strong motion generation 
areas (SMGAs) with large slip velocity or high stress drop like asperities defined by Kamae and 
Kawabe (2011), with its source parameters and the source parameters of the three small events which 
are used as Empirical Green’s Functions (EGFs) for the ground motion simulation of the main shock. 

Fig. 8 shows the computed acceleration time histories and response spectra at a depth of 200m 
(GS4 and FF4), compared with the observation records at the same location. Both synthesized 
waveforms and response spectra are consistent with the observed ones. 

Calculated response spectra for the ground motion produced by each SMGA are also shown in 
Fig.8, compared with the spectra produced by the whole source area. In the high frequency range 
ground motions generated by SMGA4 and SMGA5 mainly control the level of the strong motion, and 
the other SMGAs have influences on the ground motion level in relatively lower frequency range at 
each NPP site. 
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Fig. 6 Calculated acceleration time histories and response spectra using the source model 
 by Kamae and Kawabe (2011) 
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 Fig. 7 The source modlel and source parameters (quoted from Irikura and Kurahashi (2011))
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Fig. 8 Calculated acceleration time histories and response spectra using the source model 
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ROCK OUTCROP MOTION ESTIMATED FROM INVERSE ANALYSIS 
AT FUKUSHIMA DAI-ICHI AND DAI-NI SITE 

 
Now rock outcrop motions are back-calculated using strong motion downhole array records during 

the main shock at each NPP sites, based on the inversion analysis using the genetic algorithm 
combined with one dimensional linear response analysis. Fig. 9 shows back-calculated soil layer 
model that minimizes the misfit of observed and computed transfer functions between any of the two 
depth in the south downhole array at Fukushima Dai-ichi NPP site, and Fig. 10 shows estimated rock 
outcrop motions at each NPP site, compared with design basis ground motion Ss which are also 
defined as rock outcrop motions at every NPP sites. 
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Fig. 9 Back-calculated soil model and transfer functions of the south downhole array at Dai-ichi NPP site
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CONCLUSIONS 
 

Strong motion simulations at Fukushima Dai-ichi and Dai-ni NPP sites are carried out applying 
two models as a source fault model of the Great East Japan earthquake. Also rock outcrop strong 
motions are calculated for each site using downhole strong motion records, in order to evaluate the 
ground motion at these NPP sites’ compound. The followings conclusions are made tentatively. 

 
1) The source models proposed by Kamae and Kawabe (2011) and Irikura and Kurahashi (2011) well 
reproduce the strong motion observed at Fukushima Dai-ichi NPP and Fukushima Dai-ni NPP site. 
Ground motions generated by asperities (or SMGAs) near site mainly control the level of the strong 
motion in the high frequency range, and the other asperities (or SMGAs) have influences on the 
ground motion level in relatively lower frequency range at each NPP site. 
 
2) The peak accelerations of the back-calculated rock outcrop motion at a depth of 200m are 675 Gal 
and 427 Gal at Fukushima Dai-ichi and Dai-ni NPP site respectively. Estimated rock outcrop motions 
are almost the same level as the design basis ground motion Ss at Fukushima Dai-ichi NPP site 
although peak acceleration value slightly exceeded that of Ss. At Fukushima Dai-ni NPP, estimated 
rock outcrop motions are below the level of Ss. 
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