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We have conducted various research in energy and environmental sciences and engineering, such as environmental risk assessments, geosciences/
geoengineering in light of energy and resource productions, and geo-informatics, for our sustainable future. We have investigated hydraulic, mechanical, and
chemical properties of high-temperature rocks and ways to control/utilize them, particularly for sustainable and profitable productions of petroleum and
geothermal resources. Recently, we initiated a research on a new method for CO, mineralization, in which an environmentally friendly chelating agent is
applied and recycled to dissolve calcium silicate efficiently and produce high-purity calcium carbonate and silica in an alkaline aqueous solution. Furthermore,
we initiated new research on risk assessment of new hazardous chemicals, flax method of soil-water boundary conditions, reality of fluid flows in pore
systems of soils, and risk assessments of coal and metal mines in developed countries. We have developed new knowledge and several innovative methods
for data-driven environmental analyses.
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Survey of paleo-tsunami deposits driven

by environmental data

Environmental information is infinite and complex, so it is important to
identify which factors are beneficial. In our study, we examined paleo-
tsunami deposits and soil adsorption coefficients. Through data-driven

analysis, we elucidated a complex and wide variety of environmental

processes.
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Research on the geo-environmental transfer
of topical materials

Recently, air and soil contamination have become serious problems.
Elution tests are the best-known method for the evaluation of the behavior
of heavy metals and volatile organic compounds from contaminated soil.
Such tests are very complex, both in soil and in water. The purpose of this
study is to assess human health risks using a self-made model that
considers the adsorption coefficient.
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Fig.1 Paleo-tsunami deposits core sampling
in Sanriku coast, [wate

Fig.3 Risk assessment model image of new
hazardous chemicals at our living area

Fig.2 Geochemical survey in Hokkaido
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Amorphous silica
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Fig.4 Silica nanoparticles produced under
superhot geothermal conditions

Fig.5 Voids created in granite by the
selective mineral dissolution

Assessment of trace elements in groundwater
and mining

We referred to surveys conducted outside of Japan (in Botswana) to clarify
the mechanisms behind groundwater recharge and the transfer of trace
elements. This increased our understanding regarding the local peoples’
real lives.

Creation and control of geothermal
reservoirs in supercritical/superhot
geothermal environments

We have submitted two international collaborative papers on the
mechanism of hydraulic fracturing that can produce dense networks of
permeable fractures (i.e., geothermal reservoirs) in supercritical/superhot
geothermal environments (above ca. 400°C) to Rock Mech. Rock Eng.
Additionally, we have clarified reduction rate of fracture permeability due
to the pressure solution that may occur in producing superhot geothermal
energy and the possibility and method of reducing the risk of permeability
reduction (Watanabe et al., Appl. Energy, 2020). Moreover, we have found
another risk of permeability reduction by amorphous silica nanoparticles
that may occur due to the phase changes of water but have proposed
possible ways to reduce the risk (Watanabe et al., Sci. Rep. under review).

Chemical stimulation for geothermal
reservoirs

We have proposed a new chemical stimulation for geothermal and high-
temperature hydrocarbon reservoirs, utilizing selective mineral dissolution
with an environmentally friendly chelating agent (pending patent), and
have clarified the effectiveness and mechanisms (Watanabe et al.,
Commun. Earth Env., under review).

Mineralization of carbon dioxide (CO2)

We have proposed a new method to mineralize CO,, using a chelating
agent and silicate minerals (pending patent), and have demonstrated its
feasibility (Wang et al., J. Cleaner Prod., under review).

Fig.6 CaCOs produced by the new CO:
mineralization method
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