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D. Drahos. Electrical modeling of the
inhomogeneous invaded zone

The ideal rock model in electrical well logging for prospecting
hydrocarbon consists of three cylindrical layers characterized
by homogeneous resistivities. The second layer of modei
represents the zone of invasion, where under real circum-
stances the resistivity is not constant but changes with the
distance from the borehole. This condition could be taken into
consideration, but the solution of the electrical direct problem
for such a case is very complicated. Any kind of invasion
resistivity profile can be approximated by many cylindrical
layers of homogeneous resistivities. A recursive formula is
derived by which the many-layer problem can be solved
simply. Numerical calculations were made to study the effect
of the inhomogeneity of the invaded zone. Apparent re-
sistivities of different Laterolog and normal arrangements were
calculated for several models having linearly increasing
resistivity values. These were evaluated by least-squares
fitting to determine the equivalent electrical parameters of the
usual model of three homogeneous layers. The results show
that there is practically no error in determination of the true
resistivity, but the depth of invasion may be significantly
smaller than that of the linear resistivity profile.

W. C. Chew, S. Barone, B. Anderson and C. Hen-
nessy. Diffraction of axisymmetric waves in a
borehole by bed boundary discontinuities

This paper presents the calculation of the diffraction of
axisymmetric borehole waves by bed boundary discon-
tinuities. The bed boundary is assumed to be horizontal and
the inhomogeneities to be axially symmetric. In such a
geometry, an axially symmetric source will produce only
axially symmetric waves. Since the borehole is an open
structure, the mode spectrum consists of a discrete part as
well as a continuum. The scattering of a continuum of waves
by bed boundaries is difficult to treat. The approach used in
the past in treating this class of problem has been approximate
in nature, or highly numerical, such as the finite-element
method. We present here a systematic way to approximate
the continuum of modes by discrete modes. After dis-
cretization, the scattering problem can be treated simply.
Since the approach is systematic, it allows derivation of the
solution to any desired degree of accuracy in theory; but in

practice, it is limited by the computational resources available.
We also show that our approach is variational and satisfies
both the reciprocity theorem and energy conservation.

Leung Tsang, A. K. Chan and S. Gianzero.
Solution of the fundamental problem in resistivity
logging with a hybrid method

The fundamental resistivity logging problem of a resistivity tool
in the presence of both vertical and horizontal boundaries is
solved with a hybrid method. The hybrid method combines the
mode concept in wave-guide theory together with the finite-
element method. In the mathematical formulation, the
horizontal boundaries are used to separate the geometry of
the problem into different regions. In each region, the
waveguide modes are obtained through the solution of an
equivalent variational problem. The solutions are calcuiated by
a one-dimensional finite-element method. The vertical
boundaries are taken into account in these calculations. The
orthonormality of modes in each region allows a series
representation of the potential in the regions. Boundary
conditions at horizontal bed boundaries then coupie the
modes between different regions and enable the solutions for
the potential to be expressed in terms of reflection and
transmission matrices of modes. The source excitation
determines the amplitudes of the modes. The results of the
hybrid method are in excellent agreement with those of the
integral transform solution. Numerical results of the apparent
resistivity are illustrated as a function of formation properties.
The effects of an invaded zone are also examined by
considering radial inhomogeneous profiles in the formation.
The results of the hybrid method are numerically efficient
because it reduces the two-dimensional finite-element
problem into a one-dimensional one. It also provides a physical
interpretation of the solution in terms of modes.

E. J. W. Jones, R. S. White, V. J. Hughes, D. H.
Matthews and B. R. Clayton. Crustal structure of
the continental shelf off northwest Britain from two-
ship seismic experiments

Two-ship multichannel seismic profiles, using expanding
spread and constant offset source—receiver configurations,
were shot with explosive charges and a 16.4 | air gun to
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investigate the structure of the continental shelf off northwest
Britain. A long-range (69 km) expanding spread profile reveals
that the crystalline basement off northern Scotland is covered
by sedimentary sections up to 2.5 km thick, and is divisible
into two seismic units with velocities of 6.1 km/s and 6.6
km/s. Prominent supercritical Moho reflections indicate a
crustal thickness of 26.7 km. Strong sedimentary and base-
ment refractions, together with oblique reflections from the
vicinity of the Moho, have been profiled at a constant air
gun—receiver offset of 10 km across a sedimentary basin
west of the Orkney Islands. On the Outer Hebridean shelf to
the west of mainland Scotland, the metamorphic basement lies
within 250 m of the sea floor, P- to S-wave conversion occurs
at the basement surface; Vp/Vs gives a Poisson’s ratio of
0.27-0.31 at depths of 300-1000 m. Marked changes in
mode conversion efficiency are observed on constant offset
profiles and are attributed to variations in the velocity structure
of an uppermost low-velocity (4.9 km/s) layer of weathered
basement. The deeper crustal velocity appears uniform with
depth, although there is some evidence of significant lateral
velocity changes (6.28—-6.61 km/s). In contrast to the shelf
north of Scotland, reflections from within the basement and
from near the base of the crust are recorded only sporadically
on constant offset profiles. A strong event at 10.4 s two-way
reflection time appears to have arisen from a seismic
discontinuity within the upper mantle. The difference in
seismic character of the basement on the two-ship profiles
suggests significant variations in crustal structure within the
Caledonian foreland of northern Britain.

E. Rafavich, C. H. St. C. Kendall and T. P. Todd.
The relationship between acoustic properties and
the petrographic character of carbonate rocks

Laboratory studies of the detailed relationships between
acoustic properties and the petrographic character of brine-
and air-saturated carbonate rocks with a wide range of facies,
porosities, lithologies, and rock fabrics indicate that porosity is
the major factor influencing both P- and S-wave impedance
and velocity. Primary lithology and secondary mineralogy have
only a small influence on impedance and velocity. Combined
use of P- and S-wave velocity data discriminates porosity
changes from lithologic changes. All other variables, including
pore-fluid type and petrographic fabric, have no significant
influence on velocities. Laboratory measurements of P-wave
velocity under simulated in-situ conditions reproduce weli-log
velocity values reliably. Laboratory porosity-velocity trends
agree with the time-average equation when the correct matrix
velocities are used. Rock property results were used to
interpret porosity/lithology variations for an inverted seismic
section from the Williston basin. Where well control was
available, the porosity/lithology interpretation was found to be
in agreement with the subsurface control.

W. J. Ostrander. Plane-wave reflection
coefficients for gas sands at nonnormal angles of
incidence

The P-wave reflection coefficient at an interface separating
two media is known to vary with angle of incidence. The
manner in which it varies is strongly affected by the relative
values of Poisson’s ratio in the two media. For moderate

angles of incidence, the relative change in reflection
coefficient is particularly significant when Poisson’s ratio
differs greatly between the two media. Theory and laboratory
measurements indicate that high-porosity gas sands tend to
exhibit abnormally low Poisson’s ratios. Embedding these low-
velocity gas sands into sediments having ‘normal’ Poisson’s
ratios should result in an increase in reflected P-wave energy
with angle of incidence. This phenomenon has been observed
on conventional seismic data recorded over known gas sands.

G. R. Sutton. The effect of velocity variations on
the beamwidth of a seismic wave

The effect of depth and lateral velocity variations on the width
of a seismic beam propagating through the earth is investi-
gated. The model used is unusual and provides an interesting
alternative insight to the conventional models appearing in the
peophysical literature. Some basic calculations show that, at
frequencies and depths of interest in oil exploration, a
significant lateral shift in the centre of the seismic beam
occurs in addition to the expected broadening of the seismic
beam.

D. W. Oldenburg, S. Levy and K. Stinson. Root-
mean-square velocities and recovery of the
acoustic impedance

The loss of low-frequency information in reflection
seismograms causes serious difficulties when attempting to
generate a full-band impedance profile. Information about the
low-frequency velocity structure is available from r.m.s.
(stacking velocities). We show how r.m.s. velocities can be
inverted with additional point velocity constraints (if they are
available) to construct either smooth or blocky velocity
structures. Backus—Gilbert averages of the constructed
velocity are then autoregressive solutions for recovering a full
band reflectivity from band-limited seismograms. Our final
result is therefore a full-band acoustic impedance which is
consistent with the seismic data section, stacking velocities,
and available point constraints.

0. Yilmaz and R. Chambers. Migration velocity
analysis by wave-field extrapolation

Velocity information is essential to both common midpoint
(CMP) stacking and migration. CMP stacking provides the
basis for conventional velocity estimation techniques in that,
for a number of trial velocities, the stack response of a CMP
gather is computed and displayed in the form of a velocity
table. An aiternative approach to velocity estimation makes
use of the basic ingredients of migration—downward
extrapolation and imaging of seismic wave fields. The
procedure involves migration of a CMP gather with a number
of trial velocities and collection of the zero-offset information,
again in the form of a velocity table. Operating on a CMP
gather, the migration-based approach produces results similar
to those of the conventional method. Analyses of synthetic
CMP gathers using both methods show essentially equivalent
treatments of seismic signal, and similar dependence of
accuracy and resolving power on recording geometry. We
have extended the migration-based approach to include more





