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ABSTRACT

Basced on the generalized Biot’s theory in anisotropic porous media [J. Appl. Phys,,
33, 1482—-1498, (1962)] and the dynamic permeability and tortouosity formulas given by
Johnson et. al. [D. L. Johnson, J. Koplik, and R. Dashen, J. Fluid. Mcch., 176, 379—-402,
(1987)], we derived the characteristic equation and the analytical velocity formulas for
quasi—P1 wave, quasi—P2 wave, quasi—SV wave, and SH wave in transversely isotropic
porous mcdia. The corresponding dispersion and attenuation curves arc numecrically cal-
culated. The critical frequencies of the calculated dispersion and attenuation curves are
higher than thosc of Schmitt obtained by homogenization approximation [P. D. Schmitt,
J. Acoust. Soc. Am., 86, 2397-2421, (1989)]. The coupling coefficients (or transform
cocefficients) among three types of quasi—body waves are also given.

The far—ficld radiation patterns and cnergies from different axissymmetrical scismic
sources in a fluid—[illed borechole are studied in detail under a low—frequency approxima-
tion. The range of low—Irequency is discussed. The radiation patterns of the
compressional and shecar waves from different sources arc numerically studied. The ana-
lytical expressions for the encrgies of the tube wave, the radiation compressional wave,
and the radiation shear wave are derived. From the calculations we find that a point vol-
ume source cmits almost all (>99%) its energy as tubc wave which travels along the
borchole and not out into the formation, and the radiation shear cnergy is greater than
the radiation compressional energy . The radiation energy of the compressional and shear
waves 1s greater in soft formation than in hard formation. The tangential stress source
radiates all its energy into the formation as compressional and shear waves, while 1t does
not excite the tube wave in a fluid—filled borehole, in addition | the radiation shear ener-
gy is about ten umes greater than the radiation compressional energy. The radiation en-
crgics from a point volume source and a radial stress source arc directly proportional to
w*, and the radiation energy from a tangential stress source is proportional to w?. The ar-
ray sourcc constituted by identical indiveidual source can much enhance the radiation

cnergy.
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Phasce screen, fourth—order [inite difference, and cigenlunction expansion calcula-
tions of scalar wave progagation in two dimensional (2—D) inhomogencous media are
compared to assess the accuracy of the phase screen method . The phase screen method 1s
a forward propagation (onc—way wave ) algorithm. The finite dilference and
eigenfunction expansion calculations, which arc solutions of full wave cquation, arc
chosen as references in this study. Comparison of synthetic seismograms by phase screen
and finite difference methods is made for four kinds of models : 1. multi—uniform—cylin-
der model, 2. Gaussian random media, 3. cxponential random media, and 4.
flicker—nosise random media. Results show good agreement for weak random media (ve-
locity perturbations <<10%). For discrcte heteogeneities, such as the multi—uniform—cyl-
inder model, the results agree well for up to 50% deviation in velocities. The computer
CPU time of the phase—screen programe for a problem of grid size 1024 x 512 is 367 sec
in a SUN SPARC station ]I, about 57 times faster than the FD program we used. For
large 3D problems the time saving is expected to be much greater.

For a single cylinder scatterer with and without absorption, we compare synthetic
scismograms by the phase screen method and by the cigenfunction method (exact solu-
tion). The agreement between the two methods demonstrates that the phase screen mcth-
od can also give good results for inhomogencous absorbing media.

The scattering and attenuation of compressional wave (P—wave) by a circular clastic
cylinder with and without intrinsic attenuation are investigated. The analytical solutions
for scattered and intemal fields caused by a normally incident plane P—wave and normal-
ly incident cylindrcal P—wave are derived. The corresponding acoustic cases are also giv-
en by letting the shear modulus cither inside or outside the cylinder be equal to zero. In
the Rayleigh wave scattering rcgime, the solutions agree with standard approximate solu-
tions. Resonance scattering, radiation paltern, scattering cross section, and synthctic
seismogram are calculated for both non—absorbing and absorbing cylinders. Results
show that for scatterd compressional and shear waves exist a series of resonance frequen-
cies. For a given mode number m, either backscattered compressional or backscattered

shear wave vanishes for some frequencies in the case of non—absorbing cylinder. Howev-
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er the amplitudes of backscattered compressional and shear waves never become zero in
the case of absorbing cylinder. In low frequency range (ka<<1), the radiation patterms
from both non—absorbing and absorbing cylinders caused by incident plane P—wave and
incident cylindrical P—wave are similar. In high frequency range (ka>>10), the radiation
patterns and scattering cross sections of shear wave arec much less than those of
compressional wave. The narrow peaks of form functions and scattering cross sections
that appear in the low velocity non—absorbing cylinder will disappear in the low velocity
absorbing cylinder. The total ficlds are the superposition of the geometrically transmitted
waves (P,P,P,, P\P,S,, and P,S,S,) which go through the cylinder and diffracted waves (P,

P, Pand Pl};] S,) which propagate along the interface. The diffracted waves are little af-

fected by the cylinder absorbing property. The [irst arrivals within shadow zone are dif-
fracted wave P,ﬁl S, foralow velocity inclusion and transmitted wave P P,P,fora high

velocity inclusion. The amplitudes of scattered compressional waves are much greater

than those of scattered shear waves (ka>1).
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+D,0Y)+D,0 +D,0k + D0k +D k' =0

XH
2
D,=r B(B,B, —B,)
D,=(pr,—pNB,B,—By)+r B (B,r +B.p+2B,p)
2
D, =r B(B,—B,B)+r [2B (B ,B,—B B)+B (B B, 2B B)
2 2
+B,2B +B,)+ B [B,—B,(2B, + B))]
2
D,=r BI2B +B)B,—B,]+r,[2B (B ,B,— B B,)]
2 2
+B,(2B B, —B B,)+ B (2B, + B,)B,— B,)— (2B, + B,)B]]
2 2
D, = —BsBs(prl+prl——2p/)—pr3(B‘BB—B7)
~pr (2B, + B,)B, —B,)—2p (B B, — B (B, +B)|+2p s [B,(B, +B,)
_BaBo]
—pr[—-B (B, +B)+B, (2B +B)—r r [B (2B +B—2BB] (2.17)
2 2
Dy=(pr, —p)r,B, +pB +2p B)+r B (pr,—p)
2 2
D, =dpr, =p Jor,~p)
2 2
D8=[2prBs+r‘(2B‘+BZ)+pr](pl—pr3)+rJBs(p[—prl)
2 2
D, =(pr, —pf)[(ZBl + Bz)Ba - Bﬁ]+rlBs[rl(2Bl +B,)+pB, +2prB6]
2
D, =r,B[B,—B.,(2B +B))]
ZIEHT 0 Jr i AE I B (0= 0 JFy R FEEH ) RSB N
.2 2 1
B sin 0+ B cos 0712
v, = - (2.18)
7,
rl
FRQ2.17)%H



