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Motivation

Is there a way to quantify the periodicity, size, density, orientation, ellipticity,
and other geometric patterns identifiable in horizon slices?

Can we quantify the density of collapsed features in horizon slices? How can
the 2D matching pursuit algorithm differentiate between circular/elliptical
collapsed features and linear faults?

It is possible to classify the density of fractures in shale-dewatering areas, in
a way to determine possible hazardous drilling zones?
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Co-rendered vertical slices through most-positive and most-negative
principal curvatures and seismic amplitude and the time slice att = 1.2 s.

horizon slices
Alfredo Fernandez & Dr. Kurt Marfurt

Objectives

The goal is to use 2D matching pursuit algorithms to compute space-
wavenumber spectra of horizon slices through amplitude and attributes
horizontal slices.

Then, measure the periodicity of fractures, sand bars, dewatering features to
better estimate the location of hazardous zones and better production
prospects based on EUR’s.
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2D matching pursuit to map wavenumber components of attribute

Future Works

- Compute the 2D matching pursuit to estimate the location, wavenumbers
spectra, and rotation angle of the waveform. This probably can done by:
a) computing the Hilbert transform vertically.
b) computing the strongest envelope on the flattened horizon.
c) computing kx and ky (wavenumbers) at the envelope location using the data
and its Hilbert transform.
d) computing the azimuth of the Gaussian by computing arctan(ky/kx).
-This can be used to measure periodicity of fractures, sand bars, and other
features...

2D case

Real Hilbert Transform

Coherence
High

Low

through most-positive and most-negative principal curvatures and
coherence. Note the correlation of the strong negative curvature and low
coherence anomalies over the collapse features such as that indicated by
the yellow arrow. Note the faults indicated by the magenta and green arrows
are bracketed by curvature anomalies which can be seen on the eastern

Shown as a simpler version in a cartoon image of the previous co-
rendered horizontal slices through most-positive and most-negative
principal curvatures and seismic amplitude. This image can be
described as the combination of linear features (fault and collapse
features oriented in a specific direction) and clusters of other
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Chopra and
Marfurt (2007)

A vertical slice through seismic data, and time slices, through a seismic amplitude and coherence volume, from a survey in Alberta, Canada (Data courtesy from Arcis
Seismic Solution). In these images is possible to see the nonvertical, confined nature of these polygonal fault patterns. Their geometries cannot be recognized on vertical
seismic sections and are extremely difficult to map on conventional 3D time slices, These faults are delineating cells 1-5 km in diameter, and are clearly seen on the

vertical slice through seismic amplitude. (Data courtesy of Devon Energy). _ ¢
elements (other collapsed features grouped in specific areas).

Apply the 2D matching pursuit algorithm with a specific width
and length windows, to study the periodicity of the linear,

circular, oval events and their orientation.
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Classification of the geometrical forms in
specific zones. This classification can later
be interpreted as having geological

. These polygonal faults are believed to be caused by
meaning:

dewatering in overpressured shales. Their geometries
cannot be recognized on vertical seismic sections and are
extremely difficult to map on conventional 3D time slices.
Because  surfaces exhibiting polygonal fault patterns
indicate areas with a potential for overpressure,

Expected Classification:
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. This example by Dewhurst et al. (1999) shows a stack of
dewatered shales. The authors found that the presence of
polygonal faults correlated with both the clay fraction and
' smectite content, with lateral changes in these fractions
' resulting in less faulting. If were to use the original
Cartwright (1994) model of overpressure and

Zone 1: Area without a visible geological
features.

recognition of these fault patterns on coherence slices can
be important in planning wells.

hydrofracturing, the presence of shale dewatering could
be an indicator of deep drilling hazards.

—

Zone 2: Fault zone. Linear feature in a
specific orientation.

Zone 3: Linear feature with a particular
orientation but related with to a different
geological process.

Zone 4: Collapse features with a specific
size.

Zone 5: Mixture of collapse features of
different sizes from “i” to “j” km?
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