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There is a growing interest in using crosswell seismics to log the continuity between bore-
holes. Crosshole continuity logging or the crosshole seismic log (CHSL) is based on the
use of seismic channel-waves. Previously channel-waves have been observed in crosshole
surveys from the Conoco Borehole Test Facility (Lines et al., 1992).

The crosshole data were collected at the MIT test site in Michigan. This study focuses
on the interval from 900 ft to 1250 ft covering the Antrim shale formation. The Antrim
is known to be productive, and this is believed to be fracture related (Cain et al. 1996).
During the �eld experiment, high frequency Conoco-designed rotary sources were used and
span the depth of between 930 ft and 1210 ft, and 3-component receivers have a depth
coverage of between 938 ft and 1210 ft. The o�set or interwell distance between the source
and the receiver borehole is 2000 ft, signi�cantly greater than the depth coverage by a factor
of 7. Based on the sonic log velocity, a simple layered structure was constructed (Figure 1).
Three zones (marked Zones 1 to 3) have been identi�ed as the possible waveguides. Figure
2 displays typical 6-C seismograms for common-source gathers. Channel waves modes are
characterised by the following features: (1) Amplitude-depth distributions, (2) Dispersion
feature, and (3) Elliptical particle motions in vertical and horizontal planes. There is a
good correlation between observed channel-wave mode excitations and the three zones
previously identi�ed (in Figure 1). The amplitude-depth variations seem to coincide with
the three possible waveguides. Typically the dominant frequency of P-waves is between 100
and 350 Hz with a peak frequency around 250 to 300 Hz, whereas for S-waves, it is about
100 to 250 Hz with a peak frequency generally around 120 Hz. The strong attenuation
associated with S-waves may be due to fracturing in the Antrim shale.

The comparison of the sonic log vertical velocity with the CHSL horizontal velocity is
shown in Figure 1. The average horizontal P-wave velocity from the CHSL measurement
is 13500 ft/s, and the average vertical P-wave velocity from the well log is 10000 ft/s in
the region of interest. This is a strong indication of the TIV anisotropy. The percentage
or degree of anisotropy (or DOA) is de�ned as DOA = (VH � VV )=Vmean; where VH is
horizontal velocity, VV is vertical velocity, and Vmean is the mean velocity, i.e. Vmean =
1

2
(VH + VV ). We can easily see that the DOA from these data is at least 30%. The 30%

di�erence between the horizontal seismic velocity and vertical sonic log velocity cannot be
explained by the drift expected from the two measurements at di�erent frequencies (sonic
log usually measures velocity at several KHz, and the seismics measure the velocity at only
100 to 400 Hz in this example). The drift caused by the velocity dispersion is usually less
than 10%. The only satisfactory explanation for such the 30% di�erence in the vertical
and horizontal velocities is layering-induced anisotropy, which is believed to a common
feature in sedimentary rocks.

As a veri�cation of our interpretation in terms of TIV anisotropy, a model which
consists of 25 at layers (with each has a TIV anisotropy of 35%) was constructed with the
vertical P-wave velocities taken from the well log, and the S-wave velocities are calculated




