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The objectives of this laboratory are to focus on measurement and observation for understanding various geospheric information, and we are developing
apparatus for that purpose. Our main targets are water-rock interaction, destruction of rocks under hydrothermal conditions in the Earth’s interior, scale
precipitation from hot spring water, 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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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, boiling of the
internal fluid and temperature decrease associated with adiabatic
expansion can cause significant cracks in the rock. This phenomenon can
be used to explain the cause of rock cracking in the deep crust and to apply
it to new excavation methods for geothermal development. Up to now, we
have mainly conducted laboratory experiments to rapidly decompress the
supercritical water environment, but similar experiments were conducted
even in hot water environments of 200 °C to 300 °C. As a result, it was
confirmed that cracks were generated inside the rocks even at such low
temperatures. These temperatures are about the same as the maximum
temperature of actual geothermal well development.

Spectroscopic measurement of
supercritical fluid

The critical point of pure water is about 374 °C and 22 MPa (Fig.1), 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
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Fig.1 Condtion of water near the critical point. Fig.2 Spectroscopic data measuring system Fig.3 Spectral map of transmit light in water at each
developed by LabView software. temperature.
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Fig.4 Field test of mechanical descaling.

Fig.5 X-ray CT image of scale adhering to hot water
piping.

of water containing various elements. As a method for this determination,
we have developed an experimental apparatus with the aim of determining
the critical point from the spectroscopic state change of supercritical water

(Fig.2, Fig.3).

Mechanical descaling and hot spring scale

Power generation utilizing existing hot spring wells or hot spring facilities
is attracting attention as a small-scale form of geothermal power
generation. However, in doing so, it is impossible to avoid the problem of
hydrothermal scale generation, which is a major cause of power generation
efficiency reduction. When using existing hot springs, it is impossible to
perform aggressive scale removal using chemicals because the post-
power-generation hot spring water is used for spas. For that reason, the hot
spring wells are stopped at regular intervals to remove in-pipe scales, but
the cost of this process will become a burden for spas. Therefore, if we can
develop a more inexpensive mechanical descaling method and equipment,
we can contribute not only to electricity generation using hot springs but
also cost reduction in ordinary spas (Fig.4). In order to aid this descaling,
it was analyzed the scale structure attached to the piping, for example the
density or direction of the cracks. (Fig.5).

Hydrogen generation using strong acid/
strong alkaline wastewater and acid hot
spring water

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. Therefore, we designed a
basic reactor that can be used on-site. We then conducted a hydrogen
production experiment at Tamagawa spa in Akita Prefecture, which has
strongly acidic hot spring water. It was found that hydrogen can be
generated sufficiently (Fig.6). In the future, we plan to scale up to larger
equipment.
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Fig.6 Hydrogen gas generating reaction of Tamagawa
hot spring water and metal aluminum.
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