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Measurement, observation and equipment development for
understanding of various geosphere information
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The objective of this study is to focus on measurement and observation for understanding various geospheric information, and we are developing an
apparatus for that purpose. Our main targets are water-rock interaction, the destruction of rocks under hydrothermal conditions in the Earth’s interior,
natural and artificial thermoluminescence (NTL, ATL) of quartz and/or feldspar, and hydrogen production from the reaction of strong acid/alkaline

solutions with metallic aluminum.

Our main focus is the development and utilization of geothermal resources, and we will use these research results for social purposes.
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Fig.1 Changes of porosity with temperature
decrease of granite samples.

Fig.2 Simulation results of Temperature distribution
(left) and stress distribution (right) when center

Fracturing of rocks by fluid phase change

In previous studies, it was found that when rocks are placed in supercritical
water above 400°C to 500°C and rapidly decompressed, the boiling of the
internal fluid and the temperature decrease associated with adiabatic
expansion can cause significant cracks in the rock. This phenomenon is
predicted to explain the cause of rock cracking in the deep crust and to
apply it to new excavation methods for geothermal development. In order
to obtain such knowledge, we carried out laboratory experiments in which
the rock samples were rapidly decompressed further in a hot water
environment from a lower temperature of 200°C to a supercritical
temperature over 500°C (Fig.l1). As a result, we proved that the rock’s
porosity increases at over 350°C. In addition, after performing rock
mechanical simulation based on these results, it was possible to reproduce
the experimental results to some extent (Fig.2).

Spectroscopic measurement
of supercritical fluid

The critical point of pure water is about 374°C and 22 MPa, but because
various elements are dissolved in the water inside the Earth’s crust, the
critical point of water changes. This is a very important issue in considering
dissolution and precipitation of rock minerals inside the Earth’s crust.
Therefore, it is very important to determine the critical point of water
containing various elements. We have found that it is possible to determine
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Fig.3 Scattered light spectroscopic data of water at
370 °C to 380 °C.

borehole of granite is cooled from 600°C to 450°C.
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Fig.4 TL measuring equipment developed by
SATREPS project.

the critical point from the change of the spectral state by irradiating light
to supercritical water and by analyzing the scattered light by spectroscopic
analysis (Fig.3).

Preliminary geothermal exploration using TL

Inminerals constituting rock, especially quartz and feldspar, a phenomenon
called thermoluminescence (TL) is observed. This is a phenomenon in
which energy originating from natural radiation stored in minerals is
released by the heating of minerals and in which energy accumulation is
observed as emission light intensity. Since this energy accumulation
amount is proportional to the annual natural radiation strength and
exposure years, it has been applied as a dating method using the
luminescence amount. Conversely, releasing the accumulated energy by
heating means that once the minerals are heated, they do not emit light.
Thus, minerals that are in the geothermal-affected area have less
luminescence than minerals that are not in the geothermal-affected area.
Since this year, we have been participating in the SATREPS (Science and
Technology Research Partnership for Sustainable Development)
international program at the graduate school of the University of El
Salvador (UES). The aim of the program is for geothermal resource
exploration using TL mainly. We developed TL measuring equipment for
use in this program (Fig.4), and we conducted training such as usage
training.

Hydrogen generation from aluminum
at low temperature

It has been reported that hydrogen is generated when a strongly acidic
solution at pH 1-2 or a strongly alkaline solution at pH 13-14 and metallic
aluminum react at about 50°C. This is a much lower temperature than the
conventional method of hydrogen production by hydrothermal reaction,
and industrial applications can be expected. This year, we succeeded in
generating hydrogen gas using aluminum and strong alkaline industrial
wastewater. Also, we have conducted hydrogen generation experiments
using strongly acidic hot spring water at Tamagawa Onsen in Semboku
City, Akita Prefecture (Fig.5). This year, we contracted commission from
Semboku City for hydrogen production research, and we started full-scale
research and development.

Fig.5 Hydrogen generation experiment equipment
using acidic hot spring water and aluminum.
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