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Far-angle amplitudes should
be a good fluid indicator,

and instantaneous amplitude
mapping on Top Frigg confirm
the prediction (Figure 7).

The strong Top Frigg reflection
is close to tuning with the
fluid contact. Where the logs
have had fluid substitution
performed, the fluid contact
vanishes and the “brine
filed” synthetics do not show
any reflection near the base
of the high porosity upper
Frigg sands. More detailed
amplitude-versus-angle
variations should be useful
for differentiating sands

with different fluid fill in the
inversion.

A cross-plot of the well

data (Figure 8) shows clear
discrimination between
hydrocarbon sands,
overburden shales, and all
other facies. The hydrocarbon
sands are slightly softer than
the brine, and have lower
Vp/Vs. However, the elastic
properties of the brine sand
are closer to those of the
intra-Frigg and deeper shales,
leading to considerable
overlap in the point clouds for
these facies. The cross plot
also shows that amplitude-
versus-angle variations on
reservoir reflections (which
drive Vp/Vs estimation at
high angles) should be useful
for differentiating sands

with different fluid fill in the
inversion.

We conclude from the rock
physics and synthetics that
the reservoir is thick enough
to be resolvable, and that we
have a reasonable possibility
of discriminating hydrocarbon
sands from shales or

brine sands. However,
discrimination of brine sands
and intra-Frigg shales is
unlikely.

PCube Inversion

PCube is a Bayesian inversion
technique, developed by
Statoil, and based on the

publications of Buland
and Omre. It is a two-step
process, which first uses a
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Bayesian scheme to obtain
elastic properties from the
pre-stack seismic data,

and then derives facies
probabilities via rock physics
models. The scheme requires
good quality angle gathers

or several angle stacks over
different angle ranges, as
with most AVO inversions.

It also requires a wavelet for
each angle, which is usually
obtained by well-ties. The
prior model is calculated by
defining facies probabilities for
each different facies between
interpreted horizons, and
these are interpolated across
the survey volume (Figure 9).

Our example uses a simple
rock physics model with four
classes, labelled overburden,
shale, brine sand and oil
sand. Four main horizons
were used to build the

prior model. Only one well
contained a sufficiently long
logged interval, and this was
used to perform a well-tie and
wavelet extraction. The tie
was good at all angles and
the resulting wavelets were
close to zero phase and had
consistent bandwidth.

Once data are prepared,
Pre-Stack Pro runs the entire
two-stage process extremely
quickly; our inversion took
less than two minutes on a
modern dual-core workstation
for the entire map area
shown in Figure 2. Peter
Harris, geophysical advisor
in Sharp Reflections, sees
clear benefits with faster
computations. “This high
speed facilitates sensitivity
testing of the inversion.
Interpretation teams can
re-run the initial result using
different facies classes and
inversion parameters, to
obtain results which are
geologically and geophysically
consistent.”

Results

Figure 10 shows an inline
through well A. The tuning
response between top Frigg
reservoir and the hydrocarbon
contact is very clear in the far
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angle stack, and sets up
a strong trough amplitude
between. High values

of the oil sand probability
tend to correlate with

the presence of the

base reservoir reflection,
rather than the actual
interval of hydrocarbon
sand. However, low values
of the shale probability
match the reservoir
geometry fairly well.

Figure 11 shows a “max
trough” amplitude attribute
computed in a short
window below the Top Frigg
horizon. The amplitude

map identifies areas where
hydrocarbon-relating

tuning effects are strong.
This reflectivity pattern is
consistently identified as
“low shale probability” by
the inversion (Figures 12,
13). However, we also see
that the model predicts high
shale probabilities in the
uppermost part of the Frigg.
This matches impedance
data in well A, where the
uppermost Frigg has higher
impedance than the lower
part of the hydrocarbon
zone. Thus it seems that
the inversion is resolving
about 25 m thicknesses.

A map of minimum shale
probability, extracted in a
short window below the
top Frigg (Figure 14), shows
that this attribute conforms
very well with the structural
detail, albeit with a slight tilt
from west to east.

The ambiguity in the oil
sand identification may
have a number of causes,
both in the rock physics

or in the seismic data. The
benefit of our integrated
approach is that we can
easily compare real gathers
to synthetics generated by
the inversion to improve
understanding of and
confidence in the results.
The fast run time allows
testing and rerunning of the
entire volume, condensing
project cycle times and
increasing value to the
interpreter.
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