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Thermally Induced Fracturing in Lac du Bon-
net Granite

S. R. Carlson*, D. P. Jansen**
and R. P. Young***

Concurrent ultrasonic tomography and acoustic
emission (AE) monitoring were employed to study
thermally induced fracturing in medium-grained Lac
du Bonnet granite, taken from a surface quarry near
the Atomic Energy of Canada’s Underground
Research Laboratory in Pinawa, Manitoba. Canadian
nuclear waste disposal plans call for wastes to be
buried in vertical boreholes along horizontal drifts
excavated at depths up to 1 km in the Canadian shield.

The experimental sample was a right circular
cylinder, 300 mm in diameter and 220 mm in length
with a central, through-going, 30 mm axial borehole.
A quarry sample was chosen to minimize stress relief
damage that might be present in cores taken depth.
Initial velocity anisotropy in the plane orthogonal to
the cylinder axis only 1.5%. A 1000 watt electrical
resistance cartridge heater, centered in the borehole
and packed in fine quartz sand, served as the heat
source. Thermocouples provided temperature data at
three positions along the inner borehole wall and at
five positions on the outer surface. The tomography
plane was chosen to bisect the cylinder’s long axis.
Travel-time were gathered with 24 equally-spaced, 1.0
MHz compressional transducers at room temperature
before and after each thermal cycle. A sensitive cross-
correlation technique was employed to detect small
travel-time differences for common raypaths. The AE
array included eight transducers from the tomography
plane and eight transducers on the upper and lower
end surfaces. AE waveforms were recorded during
both heating and cooling phases of each thermal cycle.
The events were located and source mechanisms
determined.

Little AE activity was recorded during the first two
thermal cycles, which were limited to borehole tem-
peratures below 155°C. The following three cycles
attained peak temperatures between 175° and 200°C. In
each, AE activity began near the heater borehole, then
spread outward, with most events occurring at temper-
atures above the previous cycle’s peak temperature.

Early events displayed relatively low frequency
waveforms and shear mechanisms, related, perhaps, to
the steep thermal gradients near the borehole early in
the heating cycles. Later events were broadly disper-
sed throughout the sample volume, displayed high-
frequency waveforms and predominantly tensile mech-
anisms, and may have arisen from thermal expansion
mismatches along adjacent grain boundaries. Essen-
tially no AE were recorded during cooldown.
Catastrophic failure occurred during the sixth cycle
at a borehole temperature of 245°C, with a single
fracture extending the entire length of the cylinder.
Acoustic emission locations, obtained during coold-
own as the fracture walls came into contact, and
ultrasonic tomography clearly delineate the fracture
(Figure 1). The fracture appeared to originate at the
relatively cool outer surface, then grew inward toward
the heat source to intersect the borehole. We attribute
failure to a thermal gradient mechanism, in which
tensile hoop stresses were produced near the outer
surface of the sample in excess of the rock’s tensile
strength.
(*Geological Survey of Japan - **Ontario Hydro = ***
Dept.Geol.,Univ.Keele,U.K.)
Keywords: acoustic emissions, thermal fracturing, ultra-
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1325 Shochu 2-nen earthquake, 1909 Anegawa earthquake
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