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In 2024, our research activities were as follow:
1) Effect of rock heterogeneity on water/CO; injection fracturing
2) Slip behavior of a rock crack due to injection of supercritical CO,

3) Development of a sensitivity calibration test under confining pressure for a high-precision measurement of

crust stress in heterogeneous and anisotropic rocks

4) Development of high-precision rock stress measurement technique applicable to submerged vertical borehole

in soft rock: in situ application test at a depth of 100 m
5) Macro-fracture toughness and micro-fracture toughness of andesite

6) Simulation of crack propagation based on mechanical parameters evaluated from micro-fracture toughness
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Fig. 1 The CT image of after fracturing for fine grains marble
(homogeneous type)

Effect of rock heterogeneity on Water/CO,
injection fracturing

In the fields of supercritical geothermal development and underground
energy storage, low-viscosity fluids such as CO; and H; are injected into
heterogeneous rocks. The effects of heterogeneous rock microstructures
and low fluid viscosity on remote rock fracturing and its complex fracture
morphology have been clarified to some extent, but the underlying
fracture mechanisms are not fully understood. In addition, the injection of
low-viscosity fluids causes pressure waves to diffuse far from the injection
point, which may increase pore water pressure at remote boundaries such
as faults, leading to the reactivation of remote faults (induced earthquakes).
In this study, we therefore evaluated the effect of rocks’ degree of
heterogeneity on rock fracturing due to differences in the viscosity of the
injected fluid. The rocks used were two types of Akiyoshi marble: coarse
grained (heterogeneous) and fine grained (homogeneous). The
experimental temperature was set at 50 °C, and the injection fracturing
was performed with water (NaOH solution) and COx. In the case of coarse

Fig. 2 The CT image of after fracturing for coarse grains marble
(heterogeneous type)
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Fig. 3 Overview of in-situ measurement

Fig. 4 Schematic diagram of the sensitivity
calibration test under confining pressure

grains (heterogeneous), continuous cracks grew from the periphery of the
injection borehole for both water and CO, (Fig. 1). On the other hand, in
the case of fine grains (homogeneous), continuous cracks grew from the
periphery of the borehole for CO,, as in the case of coarse grains, but
discrete cracks developed around the entire circumference in the case of
water, away from the borehole (Fig. 2). This suggests the possibility of
developing a reservoir creation technology that can stimulate a wider area
by controlling the viscosity of the injected fluid.

Development of high-precision rock stress
measurement technique applicable to
submerged vertical borehole in soft rock:

in situ application test at a depth of 100 m

The conical wall borehole overcoring method, which is currently under
development, was tested in situ at a practical depth of 100 m in a
submerged vertical borehole. This year, we also conducted a confining
pressure load sensitivity test (research item 3), which was developed to
improve practicality (Fig. 2). We confirmed that the developed
measuring equipment functions as expected, even at a depth of 100 m,
and demonstrated that stress measurements can be performed. We also
proposed a measurement theory for the confining pressure load
sensitivity test and analyzed the necessary parameters. Furthermore, we
verified its practicality in situ.

Simulation of crack propagation based on
mechanical parameters evaluated from
micro-fracture toughness

We conducted macro-fracture toughness tests on the Honkomatsu
andesite and micro-fracture toughness tests on the constituent minerals
(research item 5), and based on the results, we evaluated several
mechanical parameters and performed a crack-propagation simulation
for the SCB test, which we conducted as the macro-fracture toughness
test (Fig. 3). It was suggested that the state of stress distribution changes
depending on the stiffness of the minerals that compose the rock and
affects the form of crack propagation. In addition, compared with the
Inada granite, it was shown that the macro-fracture toughness value of
the rock depends on the mineral with the highest fracture toughness
value among the minerals that compose the rock.

Fig. 5 An example of the simulation results of
crack propagation for SCB test
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