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Summary

We presen t in this paper a method to analyze seismic data
in the compressed domain which measures the changes in
the v ariance of the vavelet coefficierts as a function of the
scale of the transformation. After applying this method
to resistivity logs, acoustic impedance logs, and 3D seis-
mic data around a Eocene, clastic reservoir, w e sho w the
w avelet coefficiets themselves con tain relev ant informa-
tion about the subsurface that can be used for seismic
based facies classification without having to through the
reconstruction process.

In troduction

During the last six years, there have been significant ad-
vances in the use of the discrete wavelet transform to com-
press seismic data (Bossman and Reiter, 1993) (Donoho
and Ergas, 1995) (Reiter and Heller, 1994). Compression
ratios abo ve 100:1 hae been obtained without loosing sig-
nificant geoph ysical information. Most efforts in quanti-
fying such losses ha ve been focused in comparing original
vs. reconstructed data in a variety of ways which range
from visual comparisons to detailed statistical measures
(Ergas, 1996). Ho w ever, little effort hee been made, as
far as w ekno w,in examining whether the w aveletco-
efficients from whic hthe data is reconstructed con tain
by themselves relevant information about the subsurface
without having to go through the reconstruction process.

We show in this paper a method borrow edfrom the
biomedical literature (Ak ay,1997), w aveletbased frac-
tal analysis, that can be used to analyze the informa-
tion con tained in the wavelet coefficierts themselves. We
first test the method with resistivity logs recorded in tw o
w ellsthat penetrate shally and sandy environments re-
spectiv ely, and obtain the ariation of the variance of the
coefficients with scale shows distinctive beha viors depend-
ing of the dominant lithology around the each well. Then,
w e repeat the process with acoustic impedance logs from
the same pair of wells and 3D seismic data that covered
a larger area, and obtain responses that can be used also
for facies classification. This result suggests it may not be
necessary to reconstruct the data to obtain information
about the subsurface, from seismic attributes for instance,
since suc h information mg be already contained in the
w avelet coefficiens in the compressed domain.

Wav elet Based Factal Analysis (WBFA)

The wavelet transform is a very useful tool in the analysis
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of nonstationary signals due to their ability to resolve
features at various scales. In particular, on the of the
most promising application has been the analysis of the
variance of a physical process across different scales.

In a in teresting and nwel approach Akay (1997) used the
technique of Wavelet Based Hactal Analysis (WBFA) for
the computation of the fractal dimension of heart-sound
w aveforms. Ak ay’s analysisconsisted in the calculation
of the v ariance of the wavelets coefficients (the detailed
signals) and plotted versus scale on a log-log plot. A teach
scale, the detailed signals are assumed to be stationary.
Regions of linearity in this kind of plot correspond to a
pow er-law process wer a particular region of frequencies,
with the exponent of the po w er-law process being related
to the slope of the line (Percival and Guttorp, 1994).

Systole | $2 Diastole

I
) ale ' ale
Diastole

|‘I 'll

H

Amp (mvolts)

Amp (mvolts)

. @ WITH CORONARY
i ARTERY DISEASE
= A ® NORMAL
)
E -
w
w
=
Z -
g ®
E. -
o
9 ®
] ]
. 0
I I I I | 1

4 kS 2
SCALES, j

Fig. 1: WBFA (bottom figure) of heart-sound w aveforms of
normal human subject (top figure) and a subject with multi-
ple coronary occlusions (middle figure). The analysis was per-
formed on the quietest part of the signal, contained bet w een
the arrows. (tak en from Aky (1997))



Downloaded 09/27/18 to 50.203.133.34. Redistribution subject to SEG license or copyright; see Terms of Use at http://library.seg.org/

F acies recognition using WBR

Figure 1 shows the original Akay’s analysis performed on
heart-sound waveforms showing the effect of the coronary
artery disease. The normal heart-sound w aveformcon-
tain less high frequency energy than the abnormal one.
WBFA performed on both signals reveals larger v ariances
at all scales for the abnormal heart-waveform. Moreover,
the v ariation of the variance with scale follows different
pow er-laws for eah case which, according to Akay, sug-
gests the possibility of devising electronic instruments ca-
pable of helping physicians detect coronary ischemia in its
early stage. Ak ay’s results suggests also the possibilig of
using WBFA to classify geophysical signals (well logs and
seismic traces) depending of the geological features being
sampled. Next section explores this idea in detail.

Field data example

The data set we used to test the applicability of Akay’s
ideas to classify geophysical data consisted of tw o resistiv-
ity logs from tw o differert wells (A and B), tw o sonic logs,
tw o densit y logs and a 3D seismic cube recorded with the
aim of characterizing a clastic Eocene reservoir in Lak e
Maracaibo, V enezuela, located at a depth of 12300 feet.
Wells A and B are located in areas that penetrate sandy
and shally environments respectiv ely.

WBFA of resistivity logs

We performed WBFA on the tw o resistivity logs. After
doing a w aveletdecomposition, w e computed the vari-
ance of the coefficients at every label and plotted the re-
sult against its corresponding scale. Higher scales corre-
spond to greater stretching in the analyzing wavelet and
therefore, lo w er resolution.After testing the decomposi-
tion with Daubechies and biorthogonal w avelets,w e se-
lected biorthogonal w aveletssince they pro vided better
separation of the WBFA regression lines. Figure 2 shows
the result. We observ e distinctiv e separation bet een the
slopes calculated from each log, which means this method
(WBFA) has the potential of being used as the basis for fa-
cies iden tification in this area.Resistivit y logs from vells
with properties betw een these t w o end mehers can be
classified with this method.

As wesaid before, increasing the scale of the w avelet
transform implies in general more stretching in the an-
alyzing wavelets and therefore, less resolution in the re-
sult. At such higher scales, the analyzing wavelets con tain
frequencies t ypical of the surface seismic frequency band.
When we extend the WBFA of the resistivity logs to such
higher scales, we observe a variation in the rate of change
of the v ariance with scale at the fifth leel, as Figure 3
sho ws.

This methodology can be used to relate the averaging pro-
cesses of the subsurface properties betw een surface seis-
mic and well log scale (which follo w differert pow er laws),
to improve the estimation of reservoir properties based on
the combination of seismic data and well logs, and to ana-
lyze large bandwidth data which may con tain information
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Fig. 2: WBFA (bottom figure) of resistivity logs of w ells A and
B.

of unrelated averages of the subsurface properties (with
different pow er laws), as Figure 3 shavs.

WBFA of synthetic seismic traces

We checked whether the reflectivity series of each well re-
sponded differently to the WBFA depending on the dom-
inan tlithology of the target around each well. Figure
4 sho ws the result, whic h indicates it is still possibleto
recognize different lithologic ¢ haracteristics using the re-
flectivit y series in this area.

T o generalize this result to surface seismic frequencies,
w e performed WBH on synthetic seismic traces obtained
after con volving the reflectiviy series with a set of eight
Ric ker w avelets with céml frequencies ranging from 20
to 256 Hz. We computed the slope and intercept of the
line that best fitted the variance of the w aveletscoeffi-
cients vs. scale for eac h syn thetic trace.Figure 5 shows
the results. Forlarge frequencies, w eobtain differences
in slope and intercept bet w een ells A and B. Differences
in slope decrease as the central frequency decrease until
lines become parallel at 20 Hz. Differences in intercept
remain for all frequencies.
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Fig. 3: WBFA of the resistivit y log using ten scales. Notice
tw o differen tpow er laws inthe beha vior of the variance for
high resolution (well logs) and lo w resolution (surfac seismic)
scales.

Results of Figure 5 indicate the methodology of classifi-

cation of compressed surface seismic data based on slope

and intercept that result after WBFA will be more ro-

bust as the frequency increases. For low frequencies, only
differences in intercept will be significant.

When generating synthetic data, we also generated ran-
dom, acoustic impedance logs (not sho wn). The results
of the WBFA on such random logs did not exhibit the
straigh t line behaior sho wn in Figures 2 and 4 that v ob-
tained when analyzing the real resistivity and impedance
logs. The beha viorof the log-log plots for the random
logs w as erratic.
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Fig. 4: WBFA applied to the reflectivity series generated for
wells A and B.

WBFA of compressed, 3D seismic data

T o map the extension of differert facies in the reservoir,
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Fig. 5: WBFA intercept-slope graph sho wing the separation
betw een tw o facies for differen t levels of seismic resolution.

w e used the WBR slope-intercept methodology to clas-

sify the 3D seismic data in a time window around the zone

of in terest. According to the results of Figure 5, we did

not expect to see large differences in the slope of the lines

after performing WBFA for traces around each well, since

the frequency content of the 3D seismic data we used in

this study varied only betw een 15 and 35 Hz. The result of
the WBFA for the closest traces to wells A and B shown in

Figure 6 confirmed this hypothesis: both lines are almost

parallel and the separation is not as clear as when using

w ell logs. Ho w ever, when evperformed the analysis for

the 25 traces closest to each well, w e obtained that slope
and intercept of the different straigh t lines clustered in al-
most disjoint sets (Figure 7), which means the differences

in the signals that WBFA reveals, even though subtle,

are consistent and independent of random noise. This re-

sult is significant and suggests the WBFA slope-intercept

scheme could be a valuable tool for facies iden tification
using compressed seismic data.
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Fig. 6: WBFA for the traces closest to wells A and B.
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Fig. 7: WBFA slope-intercept result for the 25 traces closest
to each well.
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Fig. 8: A facies classification map using WBFA.

Figure 8a shows a coherency slice (Bednar, 1998) around
the zone of interest. Notice the presence of a channel
crossing the area. The result of classifying each trace of
the 3D seismic data around the zone of interest using the
WBFA slope-in tercept methodology is shown in Figure
8b. The channel indicated in the coherency slice turns
out, as expected, to be filled with sand. White areas in
the map of Figure 8b could not be classified as either shale
or sand.

Conclusions

We havepresen ted a methodology, w aveletbased frac-
tal analysis (WBFA), to analyze the variance of the
w aveletcoeflicients of compressed seismic traces at dif-
ferent scales. When applied to well logs, the method is
able to to discriminate properties of signals recored in ar-
eas with different shale and sand content. Ev en though
the discriminating pow er of the method diminish for law
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frequency seismic data, useful results can still be obtained
when applied to the problem of facies recognition using
compressed seismic data.

In this particular study ,w efound that tw o parameters
that result from the WBFA, slope and intercept, w ere
enough to classify the different facies. In other cases, slope
and intercept may not be sufficient and we may need to
use the variance of each scale of the w avelettransform
without assuming a straight line model.

The results of this study suggest it may not be necessary
to reconstruct the compressed data to obtain useful in-
formation about subsurface properties from the seismic
data.
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