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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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Fig.1 Paleo-tsunami deposits core sampling in

Sanriku coast, Iwate environment

Development of discrimination methods for
paleotsunami deposits and elucidation of the
regression process of closed mines via
environmental data-driven analysis

Environmental information is infinite and complex, so it is important to
identify which factors are beneficial. In our study, we developed methods
to discriminate paleotsunami deposits and described the regression
process of closed mines. Through data-driven analysis, we elucidated a
complex and wide variety of environmental processes.

Research on the geoenvironmental transfer
of topical materials

Recently, air, water, and soil contamination have become serious problems
worldwide. The transportation and distribution mechanisms of hazardous
substances in the air, water, and soil are still unclear. The purpose of this
study was to assess transporter phenomena in the geo-environment using
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Fig.2 Image of volatilization flux model in geotechnical

Fig.3 Risk assessment model image of new
hazardous chemicals at our living area
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a self-made model. We developed a model for the long-term transport of
toxic materials in the ground at illegal dumping sites, and proposed a
remediation method.

Creation and control of supercritical/superhot
geothermal reservoirs

We have published three international collaborative papers on the
mechanism of hydraulic fracturing in supercritical/superhot geothermal
environments (above approximately 400°C) in Rock Mech. Rock Eng., Sci.
Rep., and Geothermics. Additionally, we have clarified the shear slip
behaviors of fractures that may occur during geothermal energy production
and their impacts on reservoir permeability. We have clarified the
characteristics of permeability reduction due to the formation of silica
nanoparticles during energy production, as well as ways to inhibit such
reduction (Watanabe et al., Sci. Rep.).

CO: utilization and suppressing induced
seismicity in creating geothermal reservoirs

We determined the characteristics and advantages in fracturing of rocks
by CO: injection, which may be applied to create future CO, plume
geothermal systems (Pramudyo et al., Geothermics). Additionally, to avoid
frequent fracturing (i.e., greater risk of induced seismicity), we have
proposed a new method to improve reservoir permeability using a chelating
agent (Watanabe et al., Sci. Rep.).

CO2 mineralization and COz removal
technologies

We proposed a sustainable process for CO, mineralization using a
recyclable chelating agent and calcium silicate-type minerals and wastes
(Wang et al., J. Environ. Chem. Eng.). Additionally, we have initiated new
research on CO2 removal technology based on reactions of calcium
silicate-type soil modifiers with water.

Fig.4 Fractures created in granite
by CO: injection

Fig.5 Voids created in granite by chelating agent flooding

Fig.6 CaCO:s produced by the new CO2
mineralization process
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