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Secretariat of Nuclear Regulation Authority (S/NRA/R)

Abstract

The NRA regulation requires that design basis ground motions (DBGMs) shall be
developed by using the site-specific ground motions evaluated from identified seismic sources and
ground motions evaluated without identifying seismic sources. It is also required that the exceedance
probability of each DBGM shall be referenced. It is important to improve methods of ground-motion
evaluation taking into consideration the latest scientific and technological findings and to
accumulate relevant knowledge in support of regulation revision. To improve near-source seismic
hazard evaluation methods, we report technological findings that improve the accuracy of ground
motion evaluation using fault rupture modeling method for identified seismic sources and of ground
motion evaluation without identifying seismic sources. We also report findings about the refinement
of probabilistic seismic hazard analysis and the evaluation of fault displacement.

A study on fault rupture modeling mainly undertaken by Geo-Research Institute and
Ohsaki Research Institute, Inc., under the auspices of the NRA, accumulated technological findings
on fault parameters through conducting ground motion evaluation for earthquakes occurring in Japan
and abroad. In particular, findings on the development of characterized source models considering
surface ruptures are acquired through building characterized source models for both continental-
crust earthquakes and plate boundary earthquakes associated with surface ruptures and through
performing ground motion evaluation.

Regarding the study on improvement of ground motion evaluation without identifying
seismic sources, new ground motion records were collected, and free-field ground motions at depth
were determined and analyzed. Then, the effects of including new data on the NRA Standard
Response Spectra were confirmed to be negligible. Based on the latest knowledge, several methods
for determining free-field motions at depth were surveyed, testing of method application was
conducted, and their features were comprehended. Using such free-field ground motions at depth,

we also acquired findings on ground motion prediction equations (GMPEs) which are applicable to



relatively hard-ground sites.

Models of earthquake occurrences for capable faults were developed for the refinement of
probabilistic seismic hazard analysis. These models considered the uncertainties in magnitude and
occurrence frequency. Furthermore, GMPEs of a specific site were calibrated by evaluating the
repeatable site-specific amplification effects as a site correction term, and their effects on PSHA
were clarified.

The study on fault displacement evaluation targeting secondary fault displacements,
accomplished by PASCO Corporation under the auspices of the NRA, conducted trenching survey,
analogue experiments, and numerical simulation, and developed an objective and quantitative
evaluation method of secondary fault displacements using interference analysis and image correction
analysis of satellite data. Fault displacement evaluation equations were improved using fault
displacement data accumulated by the developed method, and the knowledge on fault displacement

evaluation has been accumulated.
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Fig. 2.14 Image of seismic ground motion input and output for each outcropping method
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Fig. 2.15 Example result of amplifying and outcropping analyses targeted for a downfall record:
the KiK-net Togakushi (NGNH28) station during the Northern Nagano earthquake (M6.3) on
November 22, 2014 (epicentral distance 18.4 km)
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Fig. 2.16 Comparison example of the predicted and observed values of acceleration response

using the basic formula (ground target of Vs 2500 m/s or more) in the representative period (T):

the 2016 Kumamoto earthquake on April 16 (M,7.0)
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velocity and (b) hard bedrock depth in representative period (T)
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Fig. 2.19 Calculation points of seismic hazard curves in the northern part of the Itoigawa-

Shizuoka Tectonic Line (Fault distances: 10, 25, and 50km)
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Fig. 2.32 Comparison of annual exceedance probabilities with different models (Red: this

study, black: previous study)
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