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Abstract: P-wave velocity and strain were measured under confining pressures up to 100 MPa
in four cored rock samples recovered from the two geothermal wells (YT-1 and YT-2), in the
Yutsubo area of Oita Prefecture. Samples are octagonal prisms with long axes parallel to the
vertical directions of the wells. Lengths of diagonals of octagons are 70-80mm and the heights
are 90-100mm, large enough for evaluating effects of macro-cracks. P-wave velocity and
strain were measured in the vertical and three horizontal planes (45 degrees apart), with
strain gauges attached at each surface of the prisms.

A sample YT-1-4 from YT-1 (898m) exhibited inhomogeneous deformation, which sug-
gests strong effects of macro-cracks. Anisotropies in velocity and strain between vertical and
horizontal planes were observed in two samples (YT-2-4 and YT-1-8) from YT-2 (1212m)
and YT-1 (1696m) , respectively. For investigating changes of microstructure in rock samples
after measurements, blue dye epoxy-impregnated thin sections were prepared. New fractures
appear along precipitated minerals in pre-existing fractures or pre-existing cracks. High
-pressure clastation and new crevice formation around alternated grains may have been

produced by the large unrecoverable strains observed in the sample YT-1-4.
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Fig. 1 Well location in the Yutsubo geothermal
field (NEDO, 1992a) .
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Fig. 15 Strains of sample YT-2-2 under loading step in first pressure
cycle.
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Fig. 16 Change of volumetric strain of sample YT-2-2 in first pressure
cycle. Symbols are same as in Fig. 6. The volumetric strain
increased almost linearly with pressure at the loading step in the
first cycle. ’
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Fig. 17 Average strains in vertical and horizontal directions versus
pressure for sample YT-2-2. Symbols are same as in Fig. 6.
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Fig. 21 Average strains in vertical and horizontal directions versus

pressure in first pressure cycle for sample YT-2-4. Strains clear-

ly showed increased anisotropy. Symbols are same as in Fig. 6.
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Fig. 22 P-wave velocities measured along vertical and horizontal direc-
tions under loading step in first pressure cycle for sample YT
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Average velocities in vertical and horizontal directions versus

pressure in first pressure cycle for sample YT-2-4. P-wave
velocity clearly showed anisotropy corresponding to strain.

Symbols are same as in Fig. 6.
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4.1 BoKE-U T AERROEHAIC>WLT

FoKE-U 3 A HEE T, (BOE/ER TO O3 5 0IE
KRR BB, 7 A7 MO/ S WHUINBEL(Z T v
7) OFSICEEIR T % L & Tw 5 (Walsh, 1965). #4
NEENI—ERET A L, ISHERE L THRETD
BRIz, DFH0BMBHEEIC X7 Y ¥ X
PHbNDE, —F, BWEER T MINEZDRSENN
D, OFHoNTITEIANHEINS 2 EARH S, L
2L, BEYT-1-4TasN &5, BEERIC 0T A
OFHME, Thbb, bEHREIIOTAEMOES
WED DIREIET 3,

I % TiZBedford Limestone (porosity 12%, E
IR Omm) & 7 BoKEE T OBMIRES 03 5
ZHES 2 5B CORMR L EHTEROBENE O H» H
% (Nur and Simmons, 1969; Batzle and Simmons,
1976; Johnston and Toksoz, 1980). Zi & DEE,
S DESIHI100MPa k&<, ZEBEiEE (pore col-
lapse) X2 b D EHEFENT WS, Zhang et al.

(1990) 1XBoise sandstone (porosity 35%, JHIRIE
0.46mm) HSRIZEMA (400MPa) DERZZHA LT,
ERHET TOEREEIC X 5 &, HBRORECIZaE
PTFES LA (grain crushing) BHER S huiz,
HARORERTIE, FHSOEABIER R L v S
ZHo T3S, INSHIZHANS &, REYT-1-40 03 A
FHER DOEIIFIA0MPa L 7z D /N W, BB D IE
YT-1-40OBREE T, ZERBEEREAREDEYNT
HONT, SYIRTFOBEERIHEE N, BEEY
BEN B AFOEESR L g T oiRE TEY, K
EVOTAEDIED, OFAEHEE b6 Lz E2
55 (Brace, 1978). BLED & 3 O AEMSEDOE
HEEBC L > TERY, BRI -TEDAN=
REBEFRD L DARETH B,

4.2 BRFOENE EBKET THOU T & ISR

BEEL & ORIE% '

TS L VRS hiZEAIE, BrrkEs snd|
NEHIFEN TV S, HBEFH IV ERa7ERITIE, L
W USEINE W TFEREsAEE L2 D, SRR T8+
LL720$ 3, Zhsicdkh, OFAOTRYERECRIME
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Fig. 24 Optical photomicrographs of samples

YT-1-4 and YT-2-2 after being com-
pressed to 100MPa. (a, width of field:
4mm) and (b, width: 2Zmm) show new
fractures following old fractures. (c) A
typical texture of autobrecciated lava
(width: 2mm) .

Cc: calcite P.F.: pre-existed fracture
N.F.: new fracture F.O.: falling off
Ab.L.: autobrecciated lava
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Fig. 25 Optical photomicrograph of sample YT
-1-4 after being compressed to 100MPa
(width: 2mm). (a) precipitated min-
erals, (b) cross nicols of (a), (c) new
fractures due to plastic deformation.
Cc: calcite, F.O.: falling off, N.F.:
new fracture, P.D.: plastic deforma-
tion, Al.: analcite, Mon.: montmoril-
lonite, Ep.: epidote, G.C.: grain
crushing.
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