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In 2018, our research activities included the following topics:

1) The injection-induced slip characteristics of a rock fracture under high temperatures (Fig.1)

2) Acoustic-emissions measurements during hydraulic fracturing of Inada granite at 400 °C via the novel true triaxial system (Figs.2-5)

3) The influence of rock anisotropy on hydro-fracturing crack formation in a supercritical geothermal environment

4) The influence of grain size and injection rate on hydro-fracturing crack formation in a supercritical geothermal environment
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Injection-induced slip characteristics of a
rock fracture under high temperatures

The suggested method of geothermal energy extraction involves using a
fracture-type reservoir in deep crust more than 350°C. When using a
fracture-type reservoir, there is a possibility of aseismic (rather than
seismic) slip. However, the characteristic of aseismic slip, and its influence
on permeability, are unknown. Therefore, in this study, to clarify aseismic
slip’s occurrence conditions, characteristics, and influence on permeability,
we conducted an injection-induced slip experiment using a cylindrical
specimen with a 45° tilted tensile fracture (Fig.1) at temperatures of 200-
500°C. As a result, we clarified the following: (1) There was a difference
in characteristics between the start of the slip and the subsequent parts of
the slip; (2) the surface shape of the fracture affected the slip velocity at the
beginning of the slip; and (3) the velocity of the subsequent steady slip
tended to decrease as the temperature increased. In addition, at temperatures
under 350 °C, the pore pressure at the beginning of slip decreased as the
temperature increased. Therefore, a slower, more stable slip with a smaller
pore pressure may occur as the temperature increases. The permeability
difference from before to after the slip increased as the temperature
increased from 200 to 300°C, remained steady through 350°C, and then
decreased by half through 500°C.
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AE measurement during the hydraulic
fracturing of Inada granite at 400°C via the
novel true triaxial system

We conducted a hydraulic fracturing experiment involving Inada granite
at 400°C via the novel true triaxial system (Figs.2-4). This novel true
triaxial system is based on the concepts introduced by Watanabe et al.
(2017). Through the use of high-viscosity melted plastic (e.g., polyether
ether ketone) as the sealing medium, we were able to conduct hydraulic
fracturing experiments at temperatures of up to 500°C for a cubic specimen
with a side length of 100 mm (Fig.5). We applied loading stresses up to 150
MPa in all directions and pore pressures up to 100 MPa. In addition, this
true triaxial system includes a three-dimensional P-wave velocity measurement
system and an acoustic-emissions measurement system. When we added a
novel injector for the high-viscosity fluid (Figure 1a), the usability of the
true triaxial system improved significantly. Through the use of this novel
system, we were able to conduct hydraulic fracturing experiments at 400 °C,
which approximately corresponds to the brittle-ductile transition temperature
of granite in its true triaxial stress state. We set the stress states 61, 62, and
o3 to be 40, 15, and 5 MPa, respectively. During the experiment, we also
monitored the changes in the acoustic emissions’ properties.

The main results are summarized as follows:

1) We successfully conducted a hydraulic fracturing experiment on
granitic rocks at 400 °C via the novel true triaxial system.

2) The initial stress state constrains the breakdown pressure, which is in
the range of o, to o3 for the true triaxial stress state at 400°C. This
breakdown pressure is so low because the viscosity of the injecting fluid
(water) decreases with the temperature increase. Because fluids with low
viscosity can infiltrate preexisting microfractures, a densely microfracture
network can be formed in the granite as a result of hydraulic fracturing.
3) The occurrence of acoustic emissions during the fracturing of the
granite could be detected, even at 400 °C.

4) These preliminary findings are essential to the design and monitoring of
supercritical geothermal reservoirs.
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Fig.1 Granite specimen having a tensile fracture (a)
and X-ray CT image of the specimen (b).

Fig.2 The novel true triaxial system Fig.3 Closeup photo of the true triaxial cell
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Fig.5 100 mm cubic granite specimen

Fig.4 Internal structure of the true triaxial cell

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