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WATER INFILTRATION IN ROCK OBSERVED BY CT USING P AND S WAVES
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Ultrasonic (seismic) computer tomography (CT) was applied to visualize water infil-
tration into dry granite and to characterize its presence, The ultrasonic waves carry the

information of density, orientation, and aspect ratio of microcracks, and also the in-
formation of fluid within them, When the microcracks within a rock are filled with
water, the effective bulk modulus of a rock increases, and hence V, increases. In con-
trast, V; is scarcely affected by the presence of fluid. Attention was focused on obtain-
ing the spatial distribution of both ¥, and V, simultaneously, As expected, the V, maps
show no change, although the V, maps clearly show large changes caused by the per-

meating water. It is possible to determine the presence of water within microcracks only

by simultaneous reconstruction of V, and V.

Keywords : compuier tomography, ultrasonic CT, infiltration, Vo, Ve
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Fig.1 A diagram of the Ohshima granite specimen used in
seismic tomography to observe the infiltration of water,
The hole for water injection was drilled from the top
surface, and the side wall was sealed by PMMA pipe to
inhibit water injection. Water head was kept constant
during the experiment. Temperature of the specimen
and water was kept at 20°C. Regular polygonal prisms
with 32 faces were used for tight installation of PZT-7
transducers, used both as a transmitter and receiver.
Their locations are also shown, The direction of

particle motion was perpendicular to the center axis.
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Fig.2 Straight ray path linking of transmitters to receivers of
the fan beam scan of P wave is shown. A single

transmitter has 17 receivers.
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Fig.3 Straight ray path linking of transmitters to receivers of
the fan beam scan of S wave is shown. A single

transmitter has 11 receivers.
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Fig.4 Arrivals of P waves detected by 17 receivers (®~@)) of
the upper section in response to the shot at the
transducer . The traces at 20 h are superimposed on
those at 0h. The velocities of P waves propagated
through the water penetrating region were increased,

whereas their amplitudes were attenuated.
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Fig.5 Arrivals of S waves detected by the same receivers as
used in P wave scan. Eleven traces (D—@~@) were
used for the reconstruction. The traces at 12h are
§uperimposed on those at 0 h. Both shear wave veloci-
ties and amplitude were unaffected by the saturation of
microcracks,

Vpmaj. =5.25km/s Vsmaj. = 3.09 km/s

Vpmin, =5.10 km/s Vsmin.=3 07 km/s

Vp and Vg ellipse

Fig.6 P and S wave velocity ellipses (the azimuthal variation
of V, and V,) of specimen within the plane of recon-
struction,



P& SERE-> -t CT i L35G RBYT 3KkOBE

ZICEU B REOBEERERE S IR 250 7T,
BK1~-2% BEOBREVSBERICELS. LU, &
ORZIFMOSHEEZ L OBRETHS. AEHBL -7
KEULKREZ2085BE LR E LTI EICLY
£ UBRER, PHEEOEMETIEEL, Z0E(LS
PO2WOHULTHBESITIIEBLES. 17, FE
Rl k- THBBIERBER P MEBESICLFEAYIT
BENSMDS. Lizd->T, DBOBEMRE% AR -
THEBRUESICHBLT, CORERERALLECE
&> TEBOHLEENEEZEZO NS, D& AF
MEZFBT T, FERO 7ot R i3RLIC At TS,
YT - 4 LOBBRLEGEICEELEEZHNS.

4. EBRERCTIOEE

LEToBERAERTOEARLDT ST EEHOHIL
EBAIREBEMIZATOPHEEDE(L % Fig. 712, Sik
HEDOEL % Fig.81TRd. LOME T, KEEAL
1EE» 5, PEHEEOHEMSBRAMS .. TOKET
b, 120 SEENCPEEBEE(L L. SHEED
PEEROE(LLRAFELE(LEZHE BN, BLBEII/NS
V. BEOFBE & HIC, PEHEES S BHEE IX—FEE
ISz, U U LEDBETOBRTIZFDENRE -
T3, COELEBERL, EORBEOLE A 5EEBR
TEhERD. Fig.9 1z LOKE®, Fig.10 I oM
mo, PHREE: SEEEOHEBROSREZTRY. M
DX EZMIEMNMNE, N 2MIKOEARLEZRT.
PHHEE, SEEEEYL, SAOREHEICE-T, &
B3 0.1 % LIFICIGER U 72,

FOWETOPHEEOEEH S &, 12 MK
BEAFLOETOHEE T, PHEESOS ML,
Z0t, PEEEOENT 5ABIIHBALTW LI &H
s, TOWETIE, 96 BFEEN T PHEEESEIL
LIZU®, #0237 -3 LOBEDEFNERILTH S
2, EBINEIVWI Ebh 5. BERTCOPEEE
OELPREISET 2RICIZIF—]LT, SARAIED
BAENERL, ERCAPUMEICEBRLTE LI LI
PHoNT. BEROEE, PHEREDOSHIIKOZE
OFEZEILLEDLTVEZEN DM SB.

—%, SEHEEEDOHTHITR, R >12BLhsH BN
3, BBRICESIBEZOELSOEFRLOATBY 20K
FIHLNID. LEzW-T, KOBEIZL->T, SHkE
EORHOE(IIO TP THEERERTE 5.

R CT OREREBRT 2121, “bO3L” &L
TEBTE s, BMEHEE (PEEE) &, fafE o
FBEMSTBLLIEPRETHS., COLHI “bDX
L” #25x 5W%2 & L ¢, Nur and Simmons” & F&f -
HEYOT- BRIAKSH 5. ZhHOHEDRBR,

S99 —mmmm ™+ T

, km/s

[ H O
St Pyt

P wave velocity

2 S e S T ST SO S S S S SO O S

Time, hour

Fig.7 The changes of V, along the scanning paths within up-
per and lower sections, The propagated paths were
just below the injection hole.
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Fig.8 The changes of V, along the scanning paths within
upper and lower sections, The propagated paths
were just below the injection hole.
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Fig.9 Reconstructions of AV,=(V,— V.o)/ Vie and AV,=(V,= V.)/ Vi, within the upper section during water
infiltration,
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Fig, 10 Reconstructions of AV,=(V,— Vi)/ Vs and AVe=(V,— Vy)/ Vs within the lower section during water

infiltration.
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