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Acoustic emission activity induced by fluid injection in the laboratory experiment
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Fig. 1

TARETHERDRIBOWRAA, L, BNRBERATTRAT IHEZIAL TKERRZELSES.
Experimental setting of Hydraulic fracturing. The fracture generation process is investigated by AE measurement and
direct observation using fracturing fluid (resin) mixed with a fluorescent substance. Under uniaxial compression of 5
MPa in the vertical direction, the resin that emits bluish-white light under UV irradiation is injected into the hole in the
center of the specimen to induce hydraulic fracturing.

c) x=0 mm MiEIIC & I B RERALE

15 T 600
E a) AERNEM & MR TORGEHORMEL 178 events
= AEBRBHUOBAIES — @) DDJAIC & 2 BRERIR
= RMRTHEEDET (Breakdown) = (fH S + 5mmELA)
o 10} 1400 3
2 = ' :
g o
Q 5t 1200 S,
kel >
=) m
i 2] 6mm [

e o/
b/
1/
$
%
a

A N 0 3
50 [b) AERIO ZEWMORMEL ]
E 0 Breakdown B/l (ALY 5 /}
= ZW R W I AERSRUSAYE A ‘
S \
-50 ) ) . 3
-400 -300 200 -100 0 100

Time from breakdown (peak pressure) t [s]

E28 A—JLIT+—REEICETI2EREREDOH . 2) WRATORKEIL AE EERHOBEEL. BRHO

Fig. 2

RS SRR (BRALEADNE—TSZE L) ISHIGEL TS, b) AE BRO z EZORMEZEL. <
BREOHAANEZENMEBHETTRELZLO. FAELL TV SEBINREDEABIZHIET 5.
HEORE, BEMEISKRE > HUMNREOERR. TR (=0) FIREATNCIRBFLTET AE EBABE Y,
ERBRICHET HEN_RTRIAEHEH LEASL, MEEMISTEBREN LKL TS,

Example of experimental results with an Eagle Ford Shale sample". a) Time history of fluid pressure at the fracturing
hole and the cumulative number of AEs. The origin time corresponds to the timing of main fracture generation (the
time when the fluid pressure reaches the peak value). b) Temporal variation of the z-coordinates of the AE hypocenters.
¢) Photograph under UV irradiation for the specimen after the fracturing experiment (cross-section view). The bluish-
white parts correspond to the fluid penetration area. The yellow dots indicate the hypocenters of the AE events. AE
activity started around the hole immediately before the main fracture generation (+=0), and the activity area rapidly
expanded, drawing a thin two-dimensional distribution corresponding to the induced fracture.
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Example of experimental results with a Kurokami-jima granite specimen®. After starting fluid injection, the AE activity

initiated and expanded three-dimensionally (1st expansion phase). A new planar AE distribution emerged from the
borehole at £ ~ —20 s and expanded along the maximum compression axis (2nd expansion phase). The first phase was
likely induced by fluid penetration into pre-existing microcracks, such as grain boundaries, and the second phase likely
corresponded to the main fracture formation.
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Temporal changes in moment tensor solutions for an experiment of a Kurokami-jima granite specimen™”. a) Temporal
changes in @, the smaller angle between the y-axis and the two candidates of crack-opening axes of each MT solution.
In the initial part of the experiment, tensile events in various directions occurred. Around the main fracture generation
(+=0), many tensile events which opened horizontal directions occurred. This type of focal mechanism corresponds
to the theoretically expected stress field around the hole. b) Temporal changes in the c-values for the obtained MT
solutions (only ¢ > 0). The black and red dots indicate the solutions with tensile and compressive components,
respectively. The tensile events were dominated in the initial part of the experiment, whereas the fraction of shear-type
events increased around ¢~0.
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Relationship between c-values and y-values. Open circles indicate events with a tensile component, and filled squares
indicate a compressive component. y-values represent the relation between source size and dominant frequency of AE
events. Many previous studies reported that the stress drop 4o that can be calculated from p-values have values of 0.1-
10 MPa for shear events (constant stress drop scaling). Although half of our results showed values in the range, the
remaining showed much lower ones.
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