16

EFHERE S SEEE  Resources Strategies

(Takahashi & Sakaguchi Lab.)

HRRIREE - TRILF—RIT DR

Toward Advanced Environmental Geomechanics and Energy Technology

2019 FICHMAETIToILERBMERUTOBED TH B, BH. Fifl

1) BREETIEEIIZ2EAZTHOBBKEFZTEINDFE

HERBIRERIES 85  Earth Exploitation Environmental Studies

oAl
EHIR RO FBY
Associate Professor

Kiyotoshi Sakaguchi

FAAIE 2 DDOMREICR D,

2) Super Critical / Superhot BIE FICHIFDKERBEDOAH =X L (Fig.1 ~ Fig.4)

3) BIRFHBRBETICEITEKERRERERICRIETEADRAED

4) RPEBICHITBIMER7IN—)LZF B UIHEREE DR

In 2019, our research activities were as follows:

# % (Figs.5, 6)

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

2) The hydraulic-fracturing mechanism under supercritical//superhot conditions. (Figs.2-5)

3) Effect of rock anisotropy on hydro-fracturing crack formation under supercritical geothermal environment.

4) Development of the rock stress measurement method using the vertical borehole in soft rock mass.
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Fig.1 Optical microphotographs of a thin
section using UV light. (Before fracturing)

Fig.2 Enlarged image of part of Fig.1

The hydraulic-fracturing mechanism under
/supercritical/superhot conditions.

Hydraulic fracturing experiments under true triaxial stress at a temperature
of 400°C or higher were carried out to create an artificial geothermal
reservoir for supercritical geothermal development. To clarify the
hydraulic-fracturing mechanism, the shape and distribution of cracks
formed in the hydraulic fracturing experiment, water permeability, X-ray
CT observation, elastic wave velocity measurement, and thin section
observation were performed. The following results were obtained.

1) Temperature and stress type do not affect the breakdown pressure of the
hydraulic fracturing.

2) Complex, isotropic network-type cracks that distributed three-
dimensionally are formed, and their permeability can equal approximately
10° m?, which is sufficient for a geothermal reservoir.

3) Hydraulic fracturing in the /supercritical/superhot environment is
mainly caused by crack propagation that results from the penetration of
low-viscosity fluid into existing cracks.

4) The breakdown pressure can be estimated using Griffith’s fracture
criterion.

5) Hydraulic fracturing is a useful technique for creating artificial
geothermal reservoirs for supercritical geothermal development.

Fig.3 Optical microphotographs of a thin
section using UV light. (After fracturing)
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Fig.4 Enlarged image of part of Fig.3

Fig.5 X-ray CT images of after fracturing in
case of parallel to the rift plane.

Ryota Goto (M2) received the Outstanding
Presentation Awards.

Effects of rock anisotropy on hydro-
fracturing crack formation under a
supercritical geothermal environment.

Ohshima (fine) granite was chosen as the most suitable rock sample for
observing rock anisotropy’s effect on hydro-fracturing crack formation
under supercritical conditions. The following results were obtained.

1) Borehole pressure required for breakdown to occur in rock sample taken
from rift plane direction, which possess higher anisotropy, is lower than
rock sample drilled out from the perpendicular direction to rift plane.

2) The fracture formation in rock sample taken from the perpendicular
direction to rift plane, which possess lower anisotropy, was far more
distributed and spread out, compared to the sample taken out from the rift
plane direction.

3) Hydraulic fracture initiation is influenced by the orientation of pre-
existing cracks, one of the factors governing anisotropy.

4) By drilling the borehole perpendicular to the rift plane and injecting
fluid, additional fluid channels (crack network) may be created.

Awards

1) Kiyotoshi Sakaguchi received the Best Paper Award from the Japanese
Society for Rock Mechanics.

2) Ryota Goto (M2) received the Outstanding Presentation Awards at the
Spring Meeting of the MMIJ Tohoku branch.

Grants

1) JSPS KAKENHI 17H03504 (Scientific Research B//Co-Investigator)

2) JSPS KAKENHI K18K 190390 (Challenging Research/Co-Investigator)
3) JRPs-LEAD with DFG//Co-investigator

4) NEDO Research and Development of Supercritical Geothermal Power-
Generation Technology//Co-Investigator

Fig.6 X-ray CT images of after fracturing in case
of perpendicular to the rift plane.
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