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Abstract

The NRA regulatory requirements and ‘“Review Guide for Geology and Geological Structure
Investigation at and around the Site” require that, concerning “faults that may be active in the future,
if a clear judgment cannot be made about the activities after the Late Pleistocene to identify suitable
ground due to missing geographical surfaces or geological formations from the Late Pleistocene,
activities must be evaluated by comprehensive analysis of the terrain, geology, geological structure,
stress field and so forth by dating back to a period after the Middle Pleistocene (about 400,000 years
ago)”. In “The operation guide for the periodic assessment of safety improvement of commercial power
reactors”, application of use of ‘“Probabilistic Risk Assessment (PRA) on External Hazards” is
mentioned. In order to assess external hazards, it is necessary to solve considerable new issues (e.g.
construction of tephrostratigraphy, assessment of uncertainty of fault segments and multiple fault
ruptures, and organizing appropriate methods of logic tree branches for assessment of uncertainty). In

this project, following five sub-projects have been carried out during fiscal years 2013 to 2016.

(1) Development of a method for tephrostratigraphic age assessment

Geological age evaluation is very important for seismic fault assessment. In this sub-project, we
investigated the tephrostratigraphy in deep submarine deposits (Hole Chikyu C9001C cores) in order
to develop a method for tephrostratigraphic age assessment after marine isotopic stage 11 (from
approximately 400,000 years in the past). In fiscal years 2013 to 2014, we detected tephras (volcanic
ash layers) in the Hole C9001C cores and acquired the chemical composition data for tephra
identification. In fiscal years 2015 to 2016, we determined the tephra ages with reference to marine
oxygen isotopic curve of the Hole C9001C, and developed a procedure and method for tephra age

determination.
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(2) Development of a method for fault age assessment using fault fracture materials

Geological age evaluation is very important for seismic fault assessment. However, it is
necessary that fault activity should be assessed by alternative methods if usual methods are not
applicable due to a lack of normal overlying strata or geomorphic surface upon the fault. In this sub-
project, we developed a new method for fault age assessment using the color of fault fracture materials.
In fiscal year 2013, we acquired the color data and chemical composition data of fault fracture materials.
In fiscal year 2014, we clarified relative fault activities based on the estimation of the lapse of time

since rock fractured from the relationship between the color value and the lapse of time.

(3) Development of a method for fault segmentation and multiple fault rupture analysis

It is effective for the assessment of multiple rupture of seismic fault to refer results from general
investigation related to active fault nearby ground surface. In fiscal years 2013 to 2014, we developed
a new method for fault segmentation and multiple fault rupture analysis, and investigated the
applicability and reliability of the method. In fiscal year 2015, we developed an assessment procedure
for fault segmentation and multiple fault rupture considering fault segmentation based on geophysical
data and their validity. The results from this sub-project have been reflected in the probabilistic seismic

hazard assessment (PSHA) mentioned below in (4).

(4) Development of an assessment method for seismic fault models and systematization of factors on
their uncertainty

There is a mutual relationship between PSHA and seismic fault assessment. Because uncertainty
of seismic fault model affects result of PSHA considerably, it is important to recognize its effect. In
fiscal year 2013, we investigated the treatment of uncertainty in domestic and foreign PSHA, and
extracted their issues. In fiscal years 2014 to 2015, we focused on scheme of multiple fault rupture and
the mean recurrence interval, and examined the effects of their scheme on PSHA. In fiscal year 2015,
we developed an assessment procedure for the mean recurrence interval of faulting, considering the
earthquake magnitude-frequency (GR law). In fiscal year 2016, we arranged considerable items for the

examination of logic tree branches.

(5) Development of a method for the seismic hazard assessment of mainshock-aftershock earthquake
sequences

It has been clarified that magnitude and the number of aftershocks of the 2011 Tohoku District-
Off the Pacific Ocean Earthquake are large compare to previous earthquakes. However, it is still poorly
understood how aftershocks impact on seismic hazard assessment on a site. In fiscal year 2013, we

investigated the effects of aftershock sequences on evaluation sites, focusing on the aftershocks that



accompanied the 2011 Tohoku District-Off the Pacific Ocean Earthquake. In fiscal year 2014, we
developed a quantitative assessment procedure for the effects of aftershock hazard for one year after
the mainshock on the mainshock hazard using PSHA, considering mainshock-aftershock earthquake

sequences.
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Table.2 Reaction rate constants of color changes of standard samples from heating experiments
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S 177 0.0015 0.0010 0.0011| 0.0016 0.0015 0.0030

227 0.0020 0.0015 0.0013| 0.0019 0.0020 0.0061

177 0.0015 0.0013 0.0080| 0.0065 0.0043 0.0110

e 277 0.0056 0.0022 0.0030| 0.0031 0.0042 0.0150
s 327 0.0230 0.0056 0.0060| 0.0250 0.0059 0.0120

377 0.0530 0.0780 0.0160| 0.0420 0.0870 0.0780
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Table.3 Reaction rate constants of color changes of standard samples at temperature of 15 degrees

Celsius and color values of fault fracture materials
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Fig. 6 Study flow for assessment of fault activity using color variations of fault fracture materials
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Used from JNES (2014)®<t19) in part.
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Modified from JNES (2014)®<t19) in part.
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Fig. 9 Color variations of fault fracture materials

Modified from JNES (2014)®<t19) in part.
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