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4. Conclusions

Triaxial laboratory test on hydraulic fracturing were carried out on
Tennessee sandstone to assess the effects of cyclic injection on reducing
the breakdown pressure and increasing the damage around hydraulic
fracture. In dry Tennessee sandstone, cyclic injection decreases break-
down pressure by 16% but it does not have any effect on breakdown
pressure in saturated Tennessee sandstone. A further investigation is
needed to understand the effect of fatigue on saturated Tennessee

sandstone as there is an increase in pre-breakdown acoustic activities
but no decrease in breakdown pressure. An increase in total number of
AE events and pre-breakdown AE events is observed by cyclic injection
in both dry and saturated Tennessee sandstone. Hydraulic fracturing
by cyclic injection increases the fracture permeability compared to
conventional hydraulic fracturing by a factor of three to ten in
Tennessee sandstone. Cyclic and conventional induced fracture perme-
ability show similar dependency on confining pressure. The unpropped
fracture permeability is more than 100 times higher than the intrinsic
permeability. The increased permeability persists even at high confin-
ing pressure. The increase in AE events and fracture permeability by
cyclic injection suggest an increase in process zone which is confirmed
by measuring the width of the process zone as a function of distance
from the injection site using BSE-SEM images. The analysis show that
damage around hydraulic fracture generated by cyclic injection is twice
than that generated by conventional injection in dry Tennessee
sandstone. Future experiments are designed to examine the general-
ization to other lithologies but the initial results are sufficiently
encouraging to recommend field trials.
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