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METHOD FOR DETERMINING A HIGH FREQUENCY ENVELOPE ATTRIBUTE
FROM SEISMIC DATA

FIELD OF THE INVENTION

|0001] The present invention relates to interpretation of seismic data and, more
specifically, to a method for determining a high frequency envelope attribute from seismic

data.

BACKGROUND OF THE INVENTION

|0002] Geophysical data are used for hydrocarbon exploration and other geotechnical
studies. Field-acquired geophysical data includes, for example, seismic and other remote-
sensing data, and well logging data. Interpretation of the data assists 1n understanding the
structural and stratigraphic features and determining the probability of presence of
hydrocarbons and other fluids 1n an area of interest.

|0003] Multi-dimensional geophysical data 1s often enhanced using attributes, such as
seismic amplitude, phase, frequency, continuity, and the like. Taner et al (“Complex seismic

trace analysis” Geophysics 44:6:1041-1063; 1979) relates to the unique separation ot

envelope amplitude and phase information and calculation of instantaneous frequency. The
quantities can then be displayed 1n color coding.

10004 ] US35,226,019 (Bahorich) relates to stratigraphic analysis of geophysical data.
Seismic data are transtormed 1nto one or more 1nstantaneous attributes descriptive of the
wave-like nature of seismic signals. Upper and lower boundaries are 1dentified for a stratum
or region of interest. A statistically representative descriptor of one or more instantaneous
attributes over the stratum defined by the boundaries 1s obtained to determine lateral and
vertical variations within the stratum. The values of the instantaneous attributes are combined
between the upper and lower boundaries for forming a single descriptor over the stratum of
interest. Then, the single descriptor 1s used to produce a display of the single descriptor for
identifying and characterizing changes 1n the formation.

|0005] In general, conventional techniques have insufficient or poor resolution for
1dentifying subtle stratigraphic features 1n seismic data.

|0006] There 1s a need for an improved method for seismic interpretation that overcomes
the disadvantages of conventional techniques for seismic interpretation of subtle stratigraphic

features.
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SUMMARY OF THE INVENTION

|0007] According to one aspect of the present invention, there 1s provided a method for
computing a high frequency envelope attribute from seismic data, comprising the steps of:
obtaining seismic data and selecting at least one 1D trace of the seismic data; computing an
envelope for the at least one 1D trace of the seismic data; and computing the high frequency
envelope attribute by adding the envelope to any quantity derived from the at least one 1D

trace of the seismic data.

BRIEF DESCRIPTION OF THE DRAWINGS

|0008] The method of the present invention will be better understood by referring to the
tollowing detailed description of preferred embodiments and the drawings referenced therein,
1n which:

|0009] Fig. 1 1s reproduced from a Prior Art reference showing a portion of an actual
seismic trace;

|00010]  Figs. 2A — 2B are reproduced from a Prior Art reference showing real and
quadrature traces of a portion of an actual seismic trace, an envelope, a phase, and frequency;
|00011]  Fig. 3 illustrates one embodiment of the method of the present invention with a
negative amplitude focus; and

|00012]  Fig. 4 1llustrates another embodiment of the method of the present invention with a

positive amplitude focus.

DETAILED DESCRIPTION OF THE INVENTION

|00013]  The present invention provides a method for improved interpretation of seismic
data by preserving phase content and the full frequency content of a waveform of the seismic
data. In this way, the method of the present invention allows subtle stratigraphic features 1n
seismic data to be 1dentified.

|00014]  As discussed above, Taner et al (“Complex seismic trace analysis™ Geophysics

44:6:1041-1063; 1979) relates to the unique separation of envelope amplitude and phase
information and calculation of instantaneous frequency. Advantages of the method of the
present invention are more evident by first considering Taner et al’s envelope.

|00015] Fig. 1 1s reproduced from Taner et al. Fig. 1 1s an 1sometric diagram of a portion

of an actual seismic trace 1. As discussed 1in Taner et al, the “complex trace F(7) can be
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thought of as the trace in complex space of a vector which 1s continually changing its length
and rotating, thus tracing out an irregular helix.” A real trace 2 and a quadrature trace 3 for
the real trace 2 are given by the projection of a trace of the rotating vector on the real and
imaginary planes 4,5, respectively.

|00016]  Figs. 2A — 2B are also reproduced from Taner et al. Fig. 2A shows a real trace 2
for a portion of an actual seismic trace 1, while Fig. 2B 1llustrates a quadrature trace 3 for the
real trace 2. As noted by Taner et al, both the real trace 2 and the quadrature trace 3 are
1dentical except that they are phase-shifted by 90 degrees.

|00017] The dashed curve 1n Figs. 2A and 2B represents an envelope 6 computed for real
trace 2 and quadrature trace 3, respectively. As can be seen from Figs. 2A and 2B, the
envelope 6 produced by Taner et al’s method 1s independent of the phase of the real trace 2
and etfectively forces symmetry about a center of a layer. While there are recognized benefits
of the torced symmetry, a disadvantage of relying on the envelope 6 alone 1s an over-
stmplification of complex asymmetries.

|00018] In accordance with the method of the present invention, there 1s no assumption of
symmetry relative to a center of a layer. Accordingly, 1t 1s possible to visualize more complex
asymmetries, allowing for a more complex representation of layering.

|00019] A high frequency envelope attribute 1s computed from seismic data. The seismic
data 1s preferably at least 1D. At least one 1D trace of the seismic data 1s selected from the
seismic data. Seismic data can be provided 1n a time-domain, depth or frequency-domain.
|00020]  An envelope 1s computed for the at least one 1D trace of the seismic data, for
example, using the method described 1n Taner et al.

|00021] A high frequency envelope attribute 1s computed by adding the envelope to any
quantity derived from the at least 1D trace of the seismic data. In one embodiment of the
present invention, the high frequency envelope attribute 1s computed by adding the envelope
to the seismic data. In another embodiment of the present invention, the high frequency
envelope attribute 1s computed by adding the envelope to a negative of the seismic data. The
high frequency envelope attribute 1s used to visualize or interpret subsurface properties,
especially tor subtle and/or complex subsurface properties. The high frequency envelope

attribute may be used as an input to analytical or computational processes, including, without
limitation, processes described 1n US10,249,080B2 (Gritfith) and US20190080507A1
(Gritfith).
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100022]  Fig. 3 illustrates one embodiment of the method of the present invention 10. An
input 1D seismic trace 12 has seismic amplitudes ranging from to — 690 to + 720 for a travel
time ranging from O to 1000. The 1nput seismic trace 12 1n Fig. 3 has about 20 major peaks
on either side of 0 amplitude. An envelope 14, represented by the dotted line, was computed
from the input 1D seismic trace 12, using the method of Taner et al. The envelope 14 has
about 9 positive peaks, the largest having an amplitude of about 930. A high frequency
envelope attribute 16 was computed by adding the envelope 14 to a negative of the 1D trace
of the seismic data 12. The high frequency envelope attribute 16 has about 13 positive peaks,
the largest having an amplitude ot about 720, consistent with the input seismic trace 12.
|00023] In accordance with the present invention, the resolution 1s approximately twice as
sensitive for vertical localization of subsurtace features. For example, 1n Fig. 3, for a travel-
time 1n the range of 300 — 600, the envelope 14 has 3 major peaks, while the high frequency
envelope attribute 16 has 5 major peaks 1n the same range. Another example of vertical
localization 1s to measure the thickness of the 1D time-series above or below an amplitude
threshold. Resolution or vertical localization 1s improved when the range of travel-times 1s
smaller. For example, examine the values just below the travel-time of 400 where the input
1D seismic trace 12 has amplitude less than -400 1n the travel-time range 403 — 429, the
envelope 14 has an amplitude above 400 1n the range 391 — 464, and the high frequency
envelope attribute 16 has an amplitude above 400 1n the travel-time range 400 — 433. By this
measurement, the high frequency envelope attribute 16 matches very closely the range for the
input 1D seismic trace 12 and 1s approximately halt ot the range for the envelope 14, or
double the resolution.

100024] Referring now to Fig. 4, in another embodiment of the present invention, the input
seismic trace 12 and the envelope 14 are the same as 1n Fig. 3. In this embodiment, a high
frequency envelope attribute 16 was computed by adding the envelope 14 to the 1D trace of
the seismic data 12.

|00025] As evidenced by the embodiments 1llustrated 1in Figs. 3 and 4, the high frequency
envelope attribute preserves a phase content and a frequency content of a waveform of the
seismic data, as compared to relying on the envelope alone.

|00026] The present invention 1s particularly advantageous for petroleum exploration. The
seismic trace can reveal information about the changes 1n rock properties, including, without

limitation, lithology, porosity, pore fluid, facies changes, and the like. Those skilled 1n the art
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examine, among other things, the reflectivity at boundaries of rock layers, especially on
boundaries that correspond to a reservolr. The skilled artisan will, therefore, focus on either
positive or negative peaks 1n the seismic trace. This focus will inform the artisan’s decision
on whether to compute the high frequency envelope attribute by adding the envelope to the
seismic data or by adding the envelope to the negative of the seismic data.

100027]  While preferred embodiments of the present invention have been described, it
should be understood that various changes, adaptations and modifications can be made therein

within the scope of the invention(s) as claimed below.
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CLAIMS

1. A method for computing a high frequency envelope attribute from seismic data,
comprising the steps of:
- obtaining seismic data and selecting at least one 1D trace of the seismic data;
S - computing an envelope for the at least one 1D trace of the seismic data; and
- computing the high frequency envelope attribute by adding the envelope to any
quantity derived from the at least one 1D trace of the seismic data.
2. The method of claim 1, wherein the seismic data 1s at least 1D.
3. The method of claim 1, wherein the high frequency envelope attribute 1s used to
10 visualize or interpret subsurface properties.
4. The method of claim 1, wherein the high frequency envelope attribute 1s used as an
input to analytical or computational processes.
5. The method of claim 1, wherein the envelope for each 1D trace 1s computed from any
quantity derived from the seismic data.
15 6. The method of claim 1, wherein the high frequency envelope attribute 1s computed by
adding the envelope to the seismic data.
7. The method of claim 1, wherein the high frequency envelope attribute 1s computed by
adding the envelope to the negative of the seismic data.
3. The method of claim 1, wherein the high frequency envelope attribute preserves a

20 phase content and a frequency content of a waveform of the seismic data.
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