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The linearity of geographical features and a planation surface along the seashore around
the fast breeder reactor Monju
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Yukumo1
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We have not only conducted a survey of crush zones near the reactor building in the fast breeder prototype reactor Monju site
but also carried out geographical investigations such as terrace classification and lineament investigation around the site. This
presentation reports the results of the geographical and geological survey on the linearity of geographical features and a planation
surface along the seashore around the site.

1. An investigation into the linearity of the mountain/terrace boundary
It is estimated that the lineament of the NW-NNW direction, also called the L-2 lineament, exists to the south of the Monju

site. Geographical and geological surveys by JAEA suggest that this lineament is highly likely to be a structural landform. The
mountain/terrace boundary to the north of this lineament extends in a straight line-like form in the NW direction. During an
expert meeting of the Nuclear Regulation Authority, it was suggested that an active fault might exist along this boundary. It was
in response to this suggestion that we carried out the geographical and geological survey.

Geographical investigation: We carried out a terrace classification, field survey, and analysis of the survey data for regions
around the mountain/terrace boundary. The mountain slope directly faces the sea; the slope of the present stream bed and terrace
surfaces is comparatively steep in the investigation area. In the topographical map before artificial change, we can recognize that
the stream makes the loosely curved dissected topography without winding greatly and that the mountain/terrace boundary is
loosely curved similarly.

Geological survey: Outcrop investigation was conducted on the mountain/terrace boundary by paying attention to the existence
of crush zones and the development style of the joints. In addition, we also estimated the age of the sedimentary layers.

The results clearly indicate that the joints are progressing mainly in the NW or the NE direction, and the comparatively hard
granite is also distributed. Moreover, although crush zones were observed in some outcrops near the mountain/terrace boundary,
we could not detect crush zones that continue in the same direction as the mountain/terrace boundary. In the outcrop near the
northwestern end of the mountain/terrace boundary, it was observed that the covering layer, which was deposited after about
40,000-50,000 years ago and covers a crush zone, is not displaced.

The results of the above-mentioned geographical and geological survey suggest that the linearity of the mountain/terrace
boundary has not originated from fault displacement.

2. An investigation into the linear coastline and planation surface along the seashore
A linear coastline extending in the NE direction can be seen around the Monju site. In addition, a planation surface is observed

in parts along the seashore. We performed a geographical and geological survey to determine the origin of such a geographical
feature and whether such a planation surface could exist elsewhere.

Geographical investigation: While carrying out the air photograph interpretation, the contour line maps and topographic pro-
files were created using a digital elevation map created from aviation laser survey data. As a result, except for one place which is
present at an altitude of about 5 m, a geographical feature that can be recognized as a comparatively flat field was not observed.

Geological survey: We carried out an outcrop investigation that paid attention to the development of joints and searched for
evidence that suggested the upheaval of land. The results suggest that the direction of the coastline and the direction of develop-
ing joints are similar. Moreover, we could not observe the remains of living things which suggest the possible upheaval of land.
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On the turn determination of crush zone activity, a lesson from granitic basement rock
holding the fast breeder reactor
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Activity evaluation of crush zones encountered in basement rock is an issue of the seismic safety assessment of nuclear plant
and geological isolation of radioactive wastes. The selection of crush zone of which has been evaluated should be defined as the
latest one by means of turn determination of crush zone activity based on stratigraphic or structural geological method. A lesson
from granitic basement rock (Kojaku granite) holding the fast breeder reactor ”Monju” is presented. The Kojaku Granite form
the oval Tsuruga peninsula (ca. 8km in width) on the southeastern coast of the Sea of Japan and the age is 68.5±0.7Ma (Zircon
U-Pb age).

1. Stratigraphy-oriented turn determination of crush zone activity.
(1.1) Turn determination using cover sediments
The age determination of undeformed cover sediments indicates the activity of crush zone older than the sediments. In the

case of crush zones observed at separate outcrop, deformation of the same strata can be utilized for the turn determination.
Trenching evidence (with tephra chronological analyses) of the active Shiraki-Nyu fault near the Monju site indicate repeated

activity after ca. 30ky strata (including AT-tephra). On the other hand, crush zones in the Monju site affect no deformation on
the strata of identical age observed during the site construction. These data indicate the last movement of the latter is older than
the active fault, and no movement in sympathy with the active faulting repeatedly during, at least, ca. 30ky.

(1.2) Turn determination using dyke, mineral and clay vein (”Dyke”, hear after)
Undeformed dykes intersecting crush zones indicate that the movements of crush zones are older than the dyke formation. Age

determination of the dyke constrain the latest age of the crush zone activity.
Excavation survey of basement rocks at the Monju site shows a basaltic dyke (ca. 19Ma, Plagioclase K-Ar age) cut by the

crush zone (crush zone alpha-3 and alpha-4) indicate that the movements of these crush zones are later than the dyke formation.
2. Structural-oriented turn determination of crush zone activity
Intersecting relationship between crush zones indicate which of them is the latest one at least locally. This rule can be hold

in the case of conjugate set, although they suggest the contemporaneous development in one tectonic stage. Conjugate relations
should be judged from traditional Griffith-Coulomb failure criterion as well as the Maximum effective moment criterion(1).
Despite of the development of remarkable clay rich zone, cross cutting crush zone with meso- and microstructures developed
under the higher temperature and pressure indicate the movement of the clay rich zone is older.

Excavation survey of basement rocks at the Monju site shows conjugate like development of the crush zone beta and younger
alpha-3 with 50-55 degrees between them. The crush zone beta is composed of clay rich vein. Along the crush zone arpha-
3, drugged sigmoidal quartz veins, drugged biotite along shear layers and preferred orientation of quartzo-felspathic lenses
composed of foliated cataclasite with P-Y-R1 fabric are observed. These ductile features suggest that relatively higher temperature
and pressure during the development of crush zone arpha-3. Hence, the crush zone beta is old structure.

These stratigraphic and structural evidences for the turn determination indicate that the activity of crush zone arpha-3 is the
object of the evaluation.

(1)Zheng et al., 2004, Journal of Structural Geology, 26, 271-285.
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Depth-dependent coseismic groundwater level changes by seismic ground motion of the
1999 Chi-Chi earthquake, Tiwan
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The coseismic water level change (Cw) has been reported (Montgomery and Manga, 2003; Koizumi, 2013). One of the causes
of the Cw is crustal displacement (static strain change and vertical displacement etc.), and seismic ground motion(dynamic
volumetric strain change and hydraulic conductivity change etc.)(Leeet al., 2002; Laiet al., 2004; Wanget al., 2001). The
static strain change has been assumed as one of the main factor of the water level change from the comparison of water level
change with static strain change in the earthquakes. However, the relation between water level change and static strain change
doesn,t correspond clearly. Although the dynamic strain change by the ground motion would be more effective to the cause of
Cw, the effect has not been known yet.

The Chi-Chi earthquake (Mw7.6) occurred in central Taiwan at 1:47 (local time) on September 21, 1999. The earthquake was
the largest event which occurred recently in the inland of Taiwan. Since the both networks of strong motion seismometer (Lee
et al, 1999) and water level monitoring system (Koizumi, 2001) are distributed densely around the source fault of the Chi-Chi
earthquake, good seismic waveform and the data of Cw has been obtained.

For the previous study of Cw in the Chi-Chi earthquake, Wanget al.(2003) has been analyzed the relationship between Cw
and seismic ground motion from the point of view of liquefaction at the shallow groundwater in the alluvial plain part. They
showed that there is correlation between the spectrum velocity or acceleration and water level. However, they did not account
much for the effects of the permeability or other characteristics in each aquifer although they analyzed the Cw of all wells at
once. Since the hydrogeological conditions effects to the occurrence of liquefaction similar to the effect of ground motion, the
effect for the hydrogeological conditions, that is the geological characteristics and permeability of aquifer in confined aquifer or
unconfined aquifer, must be investigated.

We divided the aquifer to similar hydrogeological categories and examined the Cw response by the ground motion in each
aquifer. We put target groundwater of two aquifer, the shallow aquifer 1(unconfined aquifer)and underlying aquifer 2(confined
aquifer), and investigated whether there are the different character in those. I measured the degree of Cw. Therefore the wells
observed Cw were 84 wells, fall wells were 14 wells in these wells. I used the observation wells with water level rises in the
alluvial plain part, because the mechanism of water level change for water level fall is different. We investigated the relationship
spectral response of seismic wave and groundwater level change, because spectral response can read the effect to the ground in
comparison spectrum of normal. We calculated the response of Cw against the frequency of 1 Hz (high-frequency) and 0.1 Hz
(low-frequency) to evaluate the groundwater level change as a function of frequency. We calculated the acceleration, velocity,
and displacement spectral response of vertical, horizontal, and 3 components from acceleration waveform data. I investigated the
correlation coefficient between spectrum and Cw in each aquifer. The result frequency band in those show different response was
obtained. Correlation between the response spectrum and water level change in the high-frequency side (1 Hz) was higher in the
aquifer considered unconfined aquifer, but the correlation in low-frequency side (0.1 Hz) was higher in the aquifer considered
confined aquifer. In common to both aquifer, correlation between hydraulic conductivity and water level change showed strong
positive correlation.
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Occurrence of faults and water conducting features at 350m gallery of the Horonobe URL
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In the Horonobe Underground Research Laboratory Project, methodology development for the investigation of geological
structure in sedimentary rocks has been carried out through construction of underground facility. As part of the methodology
development, hydrogeological models have been constructed and the geological structure associated with water-conducting fea-
tures (WCFs) has been conceptualized on the basis of the surface-based investigations including geophysical survey, outcrop
observation and borehole investigation. The horizontal gallery named‘ 350m gallery’ and having approximately 740m long
in total has been excavated at a depth of 350m below the surface by January 2014. This study presents the predictive distribution
of geological structures contributing to WCFs in 350m gallery based on the surface-based investigations and the characteristics
of geological structures observed in 350m gallery.
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Permeability variation in Toki granite and its relationships with crack structure and alter-
ation processes
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Understanding of physical and chemical properties of rock mass is essential to implement the geological disposal of the high
level nuclear waste. Especially, extraction of highly permeable zone that acts as channel of fluid flow is required. In this study,
permeability measurements of Toki granite were carried out to reveal the permeability variation in rock mass and to understand
factors causing that. Image analysis was applied to disc-like specimens and thin sections of the granite, for quantitative charac-
terization of crack structure. Additionally, fluorescent X-ray analysis (XRF) was carried out to obtain elemental compositions of
granite cores showing various degrees of alteration and to consider the relationship of the permeability with the alteration degree.

Permeability was measured using the gas permeameter. The samples are cores collected from about 1 kilometer depth range
boreholes in Tono area (Mizunami, Gifu, Japan) drilling by Japan Atomic Energy Agency (JAEA). Over 40 granite cores were
sampled at 25-meter intervals ranging from 100 to 1000 meters depth to measure the permeability. Permeability was larger in the
altered and fault zones. In addition, the anisotropy was appeared around the fault part and the permeability was enhanced along
E-W direction. This direction is consistent with the fault strike, and thus the anisotropy of the permeability was presumably
caused by the cracks developed in the fault movement.

Next, the crack structures were quantitatively characterized using an image analysis and compared with the permeability data
to clarify their relationship. The specimens were impregnated with fluorescent resin and images were acquired to characterize the
mesocrack structure using a fluorescent scanner equipped with ultraviolet ray source. Additionally, thin sections were made from
the specimens and microphotographs for characterizing microcracks were taken with a stereomicroscope. Cracks were extracted
from these images and length and direction of each crack were determined by the image analysis, following segmentation of
crossing cracks. Positive correlation was observed between the permeability and cumulative crack length. These results suggest
that cracks cause the permeability anisotropy and microcrack can be a factor controlling the permeability.

XRF was carried out to examine relationships between the permeability and the alteration processes of Toki granite. Posi-
tive correlations were recognized between the permeability and Ca concentration in the cores. Hydrothermal alteration of Toki
granite is considered to follow three steps, 1) chloritization of biotite, 2) illitization of plagioclase, and 3) precipitation of calcite
(Nishimoto and Yoshida, 2010). Considering that precipitation containing Ca is formed in the illitization of plagioclase, strong
hydrothermal alteration presumably occurred in the altered and fractured zones that show relatively high Ca concentration. It
implies that these zones were highly permeable as forming flow paths of hot water in the past. Although the fault-zone core
had high permeability, its Ca concentration was relatively low. Fault movement caused development of fault gouge in addition
to fracturing of granite. Permeability was enhanced by the fracturing, but the impermeable fault gouge occurred in the fault
interfered circulation of hot water and addition of Ca precipitation.

These results suggest that fractured zone accompanying densely distributed microcracks and altered zone can be groundwater
flow paths. Distribution of the highly permeable zones is essential to understand the hydrogeological structure.

Acknowledgement: We would like to express our sincere thanks to the co-researchers of Japan Atomic Energy Agency for
their supports and many constructive comments for this study.
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The relation between imaging of soil structure with GPR and depth profile of radioactive
cesium
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Radionuclides such as radioactive cesium, now the main radiological contributor, were released in the environment by the
Fukushima Dai-ichi nuclear power plant accident. The government and local governments have proceeded with decontamination
plans to reduce dose rate in living spheres. But most areas of forests have been still contaminated. Japan Atomic Energy Agency
initiated a project entitled ’Long-Term Assessment of Transport of Radioactive Contaminant in the Environment of Fukushima’
(F-TRACE project) in November 2012. Main objective of this project is to implement a comprehensive system for predicting
radioactive cesium transport in the future and the impact of various countermeasures by understanding transport of radioactive
cesium from forests to living spheres and the sea through rivers and dams.

To understand radioactive cesium transport in forest, we have conducted forest investigation at Ogi district, Kawauchi Village
and Yamakiya district, Kawamata Town, Fukushima Prefecture since December 2012. As a part of the investigation, we carried
out geophysical exploration of soil structure with ground penetrating radar (GPR) with 100MHz and 500MHz radio wave.

In this presentation, we report correlation between imaging of soil structure obtained by GPR survey and depth profile of
radioactive cesium in soil.
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Current situation and improvement of methylene blue adsorption testing method for ben-
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Large amount of bentonite will be required as shielding material for radioactive waste disposal from nuclear power plant and
contaminated soil management of Fukushima disaster. The testing methods of bentonite performances are important in terms of
the safety of the disposal facility. Methylene blue (MB) adsorption test, which has generally been used for determining either
cation exchange capacities (CEC) or surface areas of bentonite, is one of the important testing methods. However, current testing
method of MB adsorption is different for each company and it is difficult to compare the performance of bentonite products.
Since the current standard testing methods, which are developed by JBAS in the 1970s, are obsolete already, it is necessary to
renew the standard testing methods. Therefore, we are planning to propose new standard testing methods for bentonite as JIS,
based on this study.

In this study, we interviewed 13 companies and conducted questionnaire about the details of the current MB adsorption testing
method. As the result, 10 companies are currently doing MB adsorption test. Of the 10 companies, MB adsorption test based
on conventional JBAS method is conducted in eight companies. In addition, four companies are using their own methods, such
as colorimetric method which is not defined in the JBAS, including 2 companies using compound of JBAS and colorimetric
methods. The tests based on conventional JBAS methods have variation among companies in terms of determining the end point,
reagents and sample preparations. Short testing time and simple decision of end point were raised by several companies, as the
reasons for using their own methods such as colorimetric method.

As consider in result of interview, the method which aims to propose in this study is required of eliminating the ambiguity of
the conventional method, minimal use of consumables, and streamlining for time saving. At the same time, sufficient accuracy
is required with this method for ensuring safety in waste disposal. In future, it needs to consider time of reaching adsorption
equilibrium, and dispersion and adsorption properties of bentonite by different localities and conditions.

Keywords: bentonite

1/1


