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Fig.10 Outline of the hydraulic fracturing apparatus for rock stress
determination with the purpose of design of underground space.
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(25) A Procedure for Three Dimensional Stress Determination
by Hydraulic Fracturing

Yoshiaki Mizuta, Shoji Ogino and Osamu Sano
Faculty of Engineering, Yamaguchi University
For the determination of in-situ stresses, hydraulic fracturing has an advantage
over other stress measuring methods, in that it can be used at considerably greater
depths. from a point of access.

Dispite the increasing use of hydraulic fracturing, however, there are uncertain-

ties associated with the interpretation of the resulting data. In particular,
confidence in the calculated maximum principal stress is less than in the minimum
principal stress, although the former is often of great moment. Furthermore,

where the borehole axis is not parallel to principal stress direction, the interpre-
tation of hydraulic fracturing data with respect to stress magnitudes and directions
is unclear.

laboratory hydraulic fracturing of intact rock in biaxial compression was
effected in order to investigate fracture extention under conditions in which the
principal stresses were inclined to the axis of the pressurized borehole.

. In-situ hydraulic fracturing of jointed rock was also carried out in order to
investigate joint effect on fracture initiation direction and pressure-time relation.

Two typical fracture patterns were produced, which were able to occur at any
borehole onclination.

One type of fracture, called here a "longitudinal” fracture initiated along the
borehole axis bypassing the sealing elements, the fracture changing direction to become
perpendicular to the minimum principal stress after bypassing the sealing elements.
Re-opening such a fracture using low fluid injection rates leads to a stable flow
established whereby fluid flows into the borehole beyond the sealing elements. For
a given flow rate, the fluid pressure is proportional to the normal stress component
perpendicular to the fracture, the pressure being scarcely affected by the remaining
stress components. Numerical analysis, applying the concept of an hydraulic aper-
ture, was employed to explain these facts.

The other type of fracture, called here a "transverse" fracture initiated across
the sealed-off section. This fracture is perpendicular to the minimum principal
stress and continued to extend in this plane, if it is produced in intact rock,
suggesting that difference among principal stresses are relatively large.

Short sealed-off section, short sealing elements and rapid fluid injection may
assist in producing a fracture of the first type.

The study suggests that the complete stress state in intact rock can be evaluated
from tests on two fractures(longitudinal and transverase fractures) in a single bore-
hole and the authors proposed a overall procedure for three dimensional stress deter-
mination, interpretating hydraulic fracturing data from the boreholes with different
inclination. Hydraulic fracturing data from "transverse" fracture produced in
jointed rock can be also utilized in the procedure.

In order to examine the accuracy of the method, example hydraulic fracturing data
were considered and it is found that three dimensional stress state can be given with
- some accuracy.

Finally, outline of the hydraulic fracturing apparatus for the rock stress deter-
mination for the purpose of design of underground space, which the authors are now
using, was shown.
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