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ABSTRACT

Laboratory measurements of seismic travel times of compressional waves, propagated
through both intact and naturally fractured specimens of quartz monzonite, were used to
determine velocities of propagation. Velocities calculated from a quasi-static model were
found to be too low compared to the measured velocities. A theoretical velocity is derived,
based on the displacement discontinuity model of wave propagation across a fracture,
which depends on the dynamic stiffness of the fracture and on frequency. Comparisons of
the measured velocities and those computed from the theory agreed, and confirm the
appropriatness of the displacement discontinuity model to simulate wave propagation
across the fracture. From this model, changes in group time delay and signal amplitude
occur at the fracture and are not distributed throughout the rock. These effects are a
function of frequency and the stiffness of the fracture. This suggests that the use of
seismic tomographic techniques would yield both the location and mechanical properties of
discrete fractures.

INTRODUCTION

The seismic visibility of fractures is a central problem in the exploration of the earth's
subsurface and monitoring of processes that occur therein. Whether for the recovery of oil,
isolation of waste, or the study of active faults, knowledge of the location and properties of
fractures is required for an understanding of the hydrologic and mechanical properties of
rock masses.

In general, it is known that the presence of fractures will result in slower seismic
velocities and smaller amplitudes than would be observed if no fractures were present.
Based on these effects, several studies have shown the potential for using seismic
tomography and vertical seismic profiling (VSP) techniques for the location and
charaterization of fractures in a rock mass (Peterson et al., 1985; Wong et al.,1983;
Crampin, 1985; Majer et al., 1987; and others). The observed effects of fractures on
seismic wave amplitudes can be an order of magnitude greater than the effects on velocities
(King et al., 1986). However, in the absence of an apprpriate theoretical basis for
interpreting amplitude data in terms of fracture detection and characterization, the prevailing
emphasis in field studies is on the effect of fractures on seismic velocities.

The effect of fractures on seismic wave velocities has generally been modeled by first
developing expressions for the effective elastic moduli of the fractured rock mass and then
relating these expressions to velocity through the elastodynamic equations. Various
approaches have been taken. Kuster and Toksdz (1974) used a scattering formulation
while O'Connell and Budiansky (1974) assume static loading conditions and employed the
self-consistent approach to calculate effective moduli of a solid containing cracks or
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