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AE (acoustic emission) events have been monitored with water injection in enhanced oil recovery and in a
fractured reservoir of oil and gas fields to detect reservoir behavior with pore pressure increase. Since the AE events
are induced by various causes, it is important how to obtain useful information from the monitored AE events.
Thus, in this research, we monitored AE events in a tri-axial experiment of Berea sandstone under control of pore
pressure, to simulate AE monitoring in oil and gas fields.

The results have demonstrated the followings.

(1) The failure that is induced by pore pressure increase and accompanies the AE events could be explained
and predicted by Mohr-Coulomb's failure criterion and Terzaghi's effective stress theory.

(2) Places where failures are induced could be clarified by source location of the monitored AE events.

(3) Fault plane solutions of the AE events are consistent with the directions of the induced macroscopic
fracture plane and the stress condition applied in the experiment.

It could be concluded that AE is useful to monitor reservoir behavior with pore pressure increase, although

further investigations from various aspects are needed.
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Fig.1 Specimen and positions of AE sensors and strain gauges.
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Fig.2 Diagram of loading system for the triaxial compression test.
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Fig.3 Stresses and strains along the elapsed time.
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Fig.4 Failure criterion and stress path of the experiment. Mohr’s
circles when specimens failed at the preliminary triaxial tests
are shown with thin lines.
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Table 1 Data of located AE sources.

ID |Elapsed time| X Y z 0-C Max| SD (#2) |Number
No. (min.) (mm) | (mm) | (mm) |#1) (us)| (us) | of data
1 194 .11 14 -11 54 247 1.51 11
2 194.90 -18 -3 21 1.80 1.09 8
3 194.93 -5 18 35 4.54 1.97 11
4 194.94 12 4 50 0.05 0.03 5
5 194.95 10 10 45 3.69 1.49 12
6 194.95 10 16 48 0.49 0.28 6
7 194.95 5 16 45 0.79 0.53 6

(#1) Maximum absolute value of differences between observed (O)
and back-calculated (C) P-wave arrival time.
(#2) Standard deviation of the differences, O-C.
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Fig.6 Comparisons between a CT image of the XZ plane close to a Y-coordinate
of a located AE source and its projection onto the plane.
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solution for radiation pattern of P-wave.
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Fig.8 Radiation pattern of AE associated with shear fracture along a plane
parallel to the macroscopic fracture plane under the stress condition of
the experiment. Compressional P-wave initial motion is observed in the
direction of the black regions, while dilatational one is observed in that of
the white region. (Lower hemisphere projection on Schmidt net.)
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(b) No. 2 (Almost consistent with the
radiation pattern shown in Fig. 8.)

(a) No. 1 (Inconsistent with the radiation
pattern shown in Fig. 8.)

(c) No. 3 (Almost consistent)

(d) No. 6 (Almost consistent)

Fig.9 Fault plane solutions of Nos. 1, 2, 3 and 6 AE sources in comparison with
the radiation pattern shown in Fig. 8.
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Fig.10 Composite fault plane solution obtained by superimposing
those of Nos. 2, 3, 5, 6 and 7 AE sources. This is almost
coincident with the radiation pattern shown in Fig. 8.
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