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Geomechanical analysis of sonic data from a deviated wellbore requires rotation of the formation principal
stresses to those referred to the wellbore measurement axes. Sonic data and wellbore stability are influenced by
these rotated stresses. Inversion of sonic data for formation stress magnitudes has been performed on a deviated
wellbore located in the North Sea. The well azimuth is about 36.5 degrees from the maximum horizontal stress
direction and a deviation of 35.2 degrees from the vertical. The logged interval comprised gas/condensate in the
upper part, and water in the lower part. Production of the reservoir caused a decrease of pore pressure of up to
13.4 MPa in the gas zone and almost no reduction in the pore pressure in the water zone.

The new inversion algorithm estimates the maximum and minimum horizontal stresses using radial profiles
of the three shear stiffness moduli in the two axial and cross-sectional planes of a deviated borehole. This
algorithm inverts differences in the far-field shear moduli together with the two difference equations obtained
from radial profiles of the dipole shear moduli in the two axial planes between near and far radial positions from
the borehole surface.

Results for estimated horizontal stress magnitudes obtained in the depleted areas of the well showed signif-
icant differences from the nearly isotropic stress state before production. Estimates of stress magnitudes after
depletion showed a sharp increase in differences among the three principal stresses from 2% before production
to a ratio of overburden to minimum horizontal stress in the order of 10% to 20% and maximum to minimum
horizontal stresses from 5% to 10%.

The redistribution of formation stresses in depleted reservoirs is important for maintaining geomechanical
reservoir and wellbore stability and has a considerable impact on reservoir management and subsequent drilling
and completion decisions.
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