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Acoustic emission monitored during the hydraulic fracturing of two intact samples of Weber sandstone
was used to determine the location and orientation of macroscopic fracture planes caused by the
fracturing process. The locations of microfractures that were determined from the acoustic emission data
corresponded closely with observed fractures. Pore fluid was injected into the two samples at different
rates (3.3 X 107% cc/s and 3.3 X 107* cc/s) until failure occurred. The sample injected at the slower rate
failed in shear, whereas the sample injected at the faster rate failed in tension. Both samples were subjected
to 1000-bars confining pressure and 4000-bars differential stress. To further study how tension and shear
failure depend on pore fluid injection rate and differential stress, a series of 16 hydraulic fracture
experiments were run on smaller 2.54-cm-diameter samples without monitoring acoustic emission. It was
found that over a wide range of stresses, either shear or tension failure could be produced simply by
varying the rate at which fluid was injected into the sample. A theoretical model was developed to
calculate the pore pressure distribution in the samples as a function of time, borehole pressure, and
differential stress. The model was used to relate the failure mechanism (tension or shear failure) to the
pore pressure distribution in each sample by analysis that required knowledge of the porosity and
permeability of Weber sandstone. To supply the input data necessary for the numerical model, a series of
permeability measurements were conducted. These measurements show that permeability is dependent
upon effective pressure and differential stress. The principal goals of these experiments were to determine
whether acoustic emission could be used to locate hydraulic fractures and to study the factors which
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control hydraulic fracture initiation, either in tension or in shear.

INTRODUCTION

Hydraulic fracturing is a technique of great use in augment-
ing production of tight oil- and gas-bearing rocks as well as in
the development of artificial geothermal reservoirs. At the
present time much effort is being directed toward the develop-
ment of ways to locate fracture planes resulting from hydraulic
fracturing. One such technique is the monitoring of acoustic
emission generated during the fracturing process. Shuck and
Keech [1975] have reported the results of a hydraulic fracture
experiment conducted by the Morgantown Energy Research
Center. In their preliminary analysis they had not yet identi-
fied any acoustic signals that could be used to locate fracture,
presumably due to the high attenuation and low amplitude of
the acoustic waves generated by crack growth. Woullet and
Power [1975] reported a similar experiment conducted by the
El Paso Natural Gas Company. In this experiment researchers
were again unable to detect acoustic emission above the back-
ground noise level. Despite these early discouraging results,
further field experiments have been proposed using more so-
phisticated equipment for detection of acoustic emission.

Because of the importance of determining the feasibility of
using acoustic emission to locate hydraulic fractures we have
performed similar experiments in the laboratory. In these ex-
periments we have attempted to duplicate some of the condi-
tions encountered in the field. Samples were subjected to con-
fining pressure and differential stress to duplicate hydrostatic
loading and deviatory tectonic stresses. They were then frac-
tured by injecting oil into a drill hole oriented parallel to the
most compressive principal stress. Piezoelectric transducers
attached to the samples monitored the acoustic emission gen-
erated during the fracturing process in an attempt to locate the
fracture planes formed during failure.

In the literature on hydraulic fracture experiments it is gen-
erally assumed that a crack will initiate when the tensile stress
at the borehole wall exceeds the tensile strength of the rock. It
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is possible, however, that in regions under tectonic shear
stress, shear failure could be induced in the rock about the
borehole at much lower fluid pressures than would be required
to produce tension cracks, simply by lowering the effective
pressure (confining pressure minus pore pressure) to the point
where the shear strength of the rock is exceeded. Byerlee [1975}
showed that the compressional strength of Weber sandstone
depends on effective pressure and differential stress. This sug-
gested that a sample subjected to a given confining pressure
and differential stress could be made to fail in shear or tension
simply by controlling the pore pressure. One way of testing
this hypothesis would be to vary the pore fluid injection rate.
At slow injection rates the pore fluid would have time to
diffuse into the sample and lower the effective pressure,
whereas at fast injection rates a steep pore pressure gradient
would develop near the borehole. If fluid were injected fast
enough, even though the shear strength of the rock near the
borehole would be exceeded, the load on the sample would be
supported by the surrounding rock in which the pore pressure
was still low. In this way, shear failure of the sample would not
occur and instead, a tension crack would form when the tensile
strength of the rock near the borehole was exceeded. To test
this hypothesis, a series of 16 experiments was conducted on
samples of Weber sandstone at differential stresses ranging
from 1 to 4 kbar (10 kbar = 1 GPa) and at fluid injection rates
varying by 3 orders of magnitude.

It was assumed that the failure mechanisms (shear or ten-
sion) observed for different injection rates would be controlled
by the pore pressure distribution in each sample at the time of
failure. To calculate the pore pressure distributions for the
different runs, a theoretical model based on the equation for
radial flow in a porous medium was developed. The model
used a finite differencing method in a computer program to
calculate the time dependent radial pressure distribution in
each experiment.

In the remainder of this paper the experiments are discussed
in the following way. First, the experimental method is de-






