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Abstract

The available well locations for a 3D survey area are often irregularly spaced and may even be few in number. 3D seismic data has to be relied on to
generate a 3D volume of various log properties such as P-wave velocity, density, or porosity between well locations. Well log curves have very fine
sampling in the vertical direction and hence good resolution, but lithologic properties are desired spatially for reservoir characterization and prospect
generation. Seismic data possess lower resolution but good spatial sampling and so can be used for the purpose. Therefore, the ability to improve the
seismic resolution through multi-attribute analysis followed by neural network-type processes and thereby improve the details of the derived log property
is a definite advantage in terms of determining new drilling locations in a 3D survey area. The target logs are porosity logs, which are commonly
available at the well locations, and these logs can be used to correlate with various seismic attributes at each well location on a sample-by-sample basis.
The correlation process derives relationships between the target log data, in this case porosity logs and seismic attributes and is referred to as the
“training” stage. A subset of the available target logs are used in the training process and the relationships that are derived during the training stage of the
process are used in the “application” stage of the process to predict the log property of porosity throughout the 3D survey area. The Blackfoot field is a
glauconitic compound-incised valley system comprised of three cycles of incision with the upper and lower incised valleys being the main reservoirs.
Twelve wells within the area of 3D seismic data will be used in this project. A comparison of the porosity log curves from the multi-attribute transform
and the Probabilistic Neural Network (PNN) with the actual log data will illustrates the ability of the PNN workflow to enhance the seismic resolution in
terms of the lithologic property i.e. porosity. Various displays such as contour maps, data slices in time, as well as along horizons, coherence, and colour
enhanced decomposition slices will be used to illustrate the channel fill system as derived from the multi-attribute analysis and probabilistic neural
network application.
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Geological Background

The Blackfoot field, is a Glauconitic compound-incised
valley system comprised of three cycles of incision with
the upper and lower incised valleys being the main
reservoirs. 12 wells within the area of 3D seismic data

were used in this project.
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SCHEMATIC STRATIGRAPHY OF THE STUDY AREA

(Dufour, et al., 2002)
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CROSS-SECTION FROM THE WELLS OF THE STUDY AREA
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Method

From the P-wave and density log curves the P-impedance log curve is
generated. The porosity log curves and P-impedance log curves from
several well locations are cross-plotted and a mathematical relationship
between porosity and P-impedance is derived through linear regression.
Fully processed 3D migrated pre-stack CDP gather data were input to
simultaneous or pre-stack inversion and P-impedance, S-impedance,
and Density volumes were generated. The derived relationship between
porosity and P-impedance from well data was used to transform the
P-Impedance volume output from the simultaneous inversion to a
porosity volume.

The porosity log data from several well locations, fully processed 3D
migrated stack data, and P-impedance volume from simultaneous
inversion are input to multi-linear regression analysis and a porosity
volume is generated and this porosity volume is further improved
through Neural Network Analysis (PNN) which accounts for non-linear
relationships between the target log and the selected seismic attributes.

The density volume output from simultaneous inversion, in the absence
of incident angles exceeding 40 degrees can be improved on by multi-
linear regression and neural network analysis.

From the P-impedance and S-impedance volumes a brittleness-density
(E-Rho) volume can be generated using the formula:

12 -413)

[ -1

3
Ep = Ié(

Conclusions

A Porosity volume can be generated from a P-impedance volume and a
density volume can be generated from multi-attribute linear regression
and neural network analysis as well as a stiffness-density volume
generated from the transformation of P-impedance and S-impedance
volumes output from simultaneous inversion.These three voluems of
porosity, density and stiffness or brittleness can all be correlated to

identify reservoir targets as well as brittle shales for fracturing operations.
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INPUT FULLY PROCESSED 3D MIGRATED CDP GATHERS

MULTI- A TITRIBUTE ANALYSIS

Geophysical Background COMMON DEPTH POINT GATHER There are several data types that

Fully processed 3D Migrated CDP gathers are the input data to Source. - Offset —|  Receiver lo prediction process, They arc.
this project. From this initial data set several other data volumes o 1 ¢ Surface A> Seismic data

were generated. They were: Angle gathers, Angle Stacks (near : 2 3 Pre-Stack Migrated Stack data

b)) Angle Stacks: Near (1 - 12 deg.)
Mid (13 - 24 deg.)
Far (25 - 36 deg.)

1-12 deg., 13-24 deg., and 25-36 deg.), 3D Migrated Stack,
P-impedance, S-impedance, and Density.
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