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In 2022, our research activities were as follow:

1) Development of a high-precision rock stress measurement method applicable to submerged vertical borehole in soft rock mass

2) Simulation of crack propagation based on actual measurement of intragranular and intergranular fracture toughness of minerals

3) Slip behavior of a crack in geothermal reservoir rock by supercritical CO»

4) Macro- and micro-fracture toughness of granite

5) Study on a rock stress evaluation method considering orthotropic and nonlinear elasticity of rock
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Fig.1 In-situ test for (3)

Fig.2 In-situ test for (4)

Development of a high-precision rock
stress measurement method applicable to
soft rock submerged vertical borehole

The conical borehole wall strain method has been developed as a new
high-precision rock stress measurement method for soft rock mass that
is submerged in vertical borehole drilled from the ground surface. In this
fiscal year, we mainly conducted laboratory experiments and in situ
tests aimed at practical application, and we obtained the following
results. (1) We confirmed that the developed drilling bit can drill and
process a borehole with a predetermined shape. (2) We confirmed that
the developed borehole camera can observe the conical borehole wall
with sufficient resolution. (3) The practicality of the dipping adhesion
method for the strain-cell adhesion was confirmed (Fig.3). (4) We
confirmed that the mechanism (newly developed) that separates the
measurement unit, including the strain cell, from the attachment device
functions as expected (Fig.4). (5) We confirmed that the developed
drilling bit, centering guide, etc. could perform overcoring as expected.
(6) We confirmed the usefulness and effectiveness of the biaxial
sensitivity test using the recovery core to which the strain cell is adhered.
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Fig.3 Specimen for grain boundary fracture toughness test
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Fig.4 An example of numerical simulation results

Simulation of crack propagation based on
actual measurement of intragranular and
intergranular fracture toughness of minerals

Individual fracture toughness tests on the minerals (quartz, K-feldspar,
plagioclase, and biotite) that compose rock and the grain boundary
fracture toughness tests of two minerals (Fig.3) were conducted to
elucidate the fracture mechanism of rocks. A numerical simulation of
crack propagation was realized using the obtained microparameters
(tensile strength, cohesion, and Young’s modulus). The fracture
toughness tests were conducted with specimens of three types of
cantilever shape (10 pm x 10pm x 50pm, 20pm x 20pum x 50um, and
20um x 20pm x 100pm). The discrete element method (DEM) code
PFC2D was used for numerical simulation. A simulation model for the
SCB test was created using a grain-based model that simulates minerals
and mineral grain boundaries. We clarified the possibility that weak
constituents such as grain boundaries and biotite affect crack initiation
and propagation in SCB tests (Fig.4).

Slip behavior of a crack in geothermal
reservoir rock by supercritical CO,

Pore-pressure-induced slip experiments of rock by supercritical CO»
were conducted to investigate the characteristics of slip behavior and to
compare the behavior with injected media for the purpose of realization
of supercritical CO, geothermal power generation (Fig.5, 6). It was
suggested that no difference exists in the slip behavior (shear expansion
— initial slip — steady slip) due to the difference in the properties of the
crack surface and the injection medium (water and CO,). As a result of
comparing the velocity ratio between the initial slip and the steady slip
for supercritical water and supercritical CO,, it was found that the latter
is smaller. Therefore, supercritical CO, geothermal power generation
has the potential to suppress induced earthquakes.

Fig.5 Specimen and image
of pore pressure induced
slip experiment

Fig.6 X-ray CT image of
specimen of before and
after experiment
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