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In general, structure-oriented filtering 
suppresses random and cross-cutting 
coherent noise, leading to not only 

more effective horizon autotracking, 
but also subsequent improved attribute 
volumes. In general, the spectrum 
of random noise is white, with equal 
components at both low and high 
frequencies. Because the seismic signal 
tends to be band-limited, the signal-
to-noise ratio deteriorates at both the 
low and high end of the spectrum. On 
unmigrated gathers, source-generated 
coherent noise such as multiples exhibits 
the same spectrum as the signal, while 
the spectrum of noise such as ground 
roll tends to be concentrated at the lower 
frequencies. Migration operator aliasing 
(remnants of migration ellipses that do 
not destructively interfere) appears as 
steeply dipping coherent artifacts that 
cut across reflectors of interest. Because 
these events are steeply dipping at angle 
θ from the horizontal, their spectrum is 
divided by cosθ, resulting in low apparent 
frequency artifacts. It is common practice 
in the processing shop to not only remove 
spikes in the data and apply mutes, but 
also to apply a final band-pass filter 
(say 8-120 hertz) to remove extraneous 
artifacts in the data.  

Because they are familiar with the 
geology, have access to well log control, 
and may be focused on improving 
the seismic resolution of a specific 
interpretation objective, interpreters are well 
qualified to apply additional conditioning 
to the data to either better balance the 
spectrum or the reject noise.

Mean, Median and 
Principal Component Filters

The simplest and the most familiar 
noise suppression filter is the mean filter 
and represents an arithmetic average of a 
given number of spatial samples, usually 
five or nine for 3-D data. When applied along 
structure, they are referred as “structure-
oriented mean filters.”  

Iterative mean filters implemented 
by cascading or reapplying the filter to a 
previously filtered version of the data can 
provide further improvements, rejecting 
short wavelength noise. Unfortunately, 
fault and stratigraphic edges have a short 
wavenumber spectrum such that mean 
filters will smear discontinuities in the 
seismic data and thus are usually avoided.

A structure-oriented median filter not 
only suppresses random noise, but also 
preserves lateral reflector discontinuities. 
This filter sorts samples from high to low 
values within the chosen aperture along 
the local dip and azimuth and replaces the 
amplitude of the central sample position 
with the median value of the amplitudes. 
Median filters are very effective at 
suppressing high-amplitude artifacts in the 
seismic data.

Principal component structure-oriented 
filters go one step further by using not only 
the five or nine samples along structural 
dip and azimuth, but also a suite of parallel 
slices above and below the target samples. 
For 11 slices, the statistics of such a filter 
is based on 55 or 99 samples. Such filters 
accurately preserve lateral changes in 
seismic amplitudes. All three of these filters 
– mean, median and principal component 
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Figure 1: Segment of a section from (a) input seismic data volume, and (b) input seismic data volume after 3x3 median filtering. The section looks somewhat cleaner. The frequency spectra for 
the two data volumes were generated over a window from 1 to 2 seconds, which represents the broad zone of interest, though only 300 milliseconds of the data are shown in the two displays. 
(c) Image of the rejected “noise” obtained by subtracting (b) from (a). The noise level is down by a factor of 20 from the original amplitude data and consists mostly of short-wavelength 
artifacts that fall within the spectrum of the original seismic data. However, note that there is “noise” that has been added to the spectrum at both the high and low end of the spectrum. We 
associate these features with the edge preservation part of the filter. Data courtesy of TGS, Calgary.

Figure 2: Equivalent sections from relative acoustic 
impedance generated on (a) input seismic data volume, and 
(b) input seismic data volume after 3x3 median filtering. 
While the relative impedance on input data shown in (a) 
looks reasonable, the same attribute run on the median-
filtered data shows artifact in the form of vertical striations. 
Such artifacts are unacceptable.

Figure 3: Equivalent sections from (a) input seismic data 
volume after 3x3 median filtering and bandpass filtering (4-
12-90-100 hertz), and (b) relative acoustic impedance on the 
data shown in (a). The impedance section looks reasonable.

Continued on next page u

BOOKSTORE 

B u y . R e g i s t e r . D o w n l o a d . 

store.aapg.org#AAPG 

CONTACT INFO AAPG Customer Experience Center | CECInbox@aapg.org

AAPG Memoir 116 contains 11 papers selected from an AAPG Geo-Technology Workshop (GTW) by 
the same title, held in Kuwait in 2015, as well as a few invited contributions. These papers give the 
reader a broad coverage of the many sedimentologic and stratigraphic aspects of the siliciclastic 
reservoirs. Regional and field-size petroleum potential, sequence stratigraphy, depositional 
systems, palynostratigraphy, chemostratigraphy, outcrop to subsurface analogues, petrography, 
diagenesis and fluid evolution, reservoir properties, geological controls on reservoir development, 
reservoir modeling, reservoir performance, reservoir management, and petrophysics are the themes 
covered. We hope that this AAPG Memoir will serve as a reference book on the Arabian plate for 
geoscientists in the oil industry and academia in the Middle East and worldwide.

Siliciclastic Reservoirs
of the Arabian Plate
Edited by Homoud R. AlAnzi, Riyadh A. Rahmani,
Ronald J. Steel, and Osama M. Solima

Product #1306
Price: Member $119/List $238AVAILABLE NOW!



19NOVEMBER 2019     EXPLORER.AAPG.org

– can be applied in an edge-preserving 
manner and reject noise. For more details 
on these filtering methods, the readers may 
wish to refer to the Geophysical Corner 
published in the October 2014 issue.

Dealing with Artifacts

Surprisingly, after the application of an 
edge-preserving structure-oriented filter, 
rather than improving the results of relative 
acoustic impedance, artifacts in the form 
of vertical striations appear on the resulting 
display. Relative acoustic impedance 
inversion does not require the interpreter to 
provide a source wavelet or a background 
model, with most implementations 
involving a trace-integration step. 

In figure 1a we show a segment of 
a section from the input seismic data 
volume and its edge-preserving median 
filtered version (figure 1b). The latter looks 
cleaner than the input section, as expected. 
In figure 2 the sections from the relative 
acoustic impedance volumes are shown 
equivalent to the sections shown in figure 
1. While the relative impedance section 
in figure 2a looks reasonable and devoid 
of any artifact, the relative impedance 
attribute generated on median-filtered data 

Figure 4: Equivalent sections from (a) input seismic data 
volume after principal component structure-oriented filtering 
and (b) the relative acoustic impedance on the data shown 
in (a). Again, we notice the vertical striation artifact on the 
impedance section.

Figure 5: Equivalent sections from (a) input seismic data 
volume after PCA filtering and bandpass filtering (4-12-90-
100 hertz). (b) The relative acoustic impedance on the data 
shown in (a) looks reasonable.
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and shown in figure 2b exhibits pronounced 
vertical striations as artifacts.  

On exploring the reasons for the 
occurrence of such an artifact and in our 
discussion with some fellow colleagues, 
it was concluded that additional low 
frequencies below that of the input data are 
being introduced. Examining the frequency 
spectra of the input seismic data as well 
as median-filtered data in a time window 
between 1 to 2 seconds, shown alongside 
the sections shown in figure 1, we notice 
a small change in the low-frequency end 
of the spectrum after median filtering 
indicated by the blue ellipse. Applying a 
bandpass filter (4-12, 90-100 hertz) to the 
median-filtered seismic data and then 
generating relative acoustic impedance, 
the vertical impedance artifacts disappear. 
Figure 3 shows the equivalent sections to 
those shown in figures 1 and 2.

We repeated the exercise on input 
seismic data put through principal 
component structure-oriented filtering 
and then generation of relative acoustic 
impedance.  The results showed the 
artifact, except that it was less pronounced, 
as seen in figure 4. Again, after application 
of a bandpass filter on the principal 
component structure-oriented filtered 
volume and generation of relative acoustic 
impedance volume, the artifact disappears 
(figure 5).

Analysis

All edge-preserving structure-oriented 
filters are nonlinear, where the filter applied 
to a data window straddling a discontinuity 
is different than one that does not. Near 

the edges, the applied filters are changed 
to be one-sided rather than centered about 
the analysis point. Consider a suite of flat 
reflectors. If the discontinuity is vertical, 
the spectrum of the seismic wavelet is 
unchanged. However, if the discontinuity 
dips at 60 degrees, the filter attempts to 
sharpen the edge, in essence “breaking” 
the wavelet, such that the peak of the 
wavelet above the dipping fault undergoes 
a different filter than the trough below the 
dipping fault. Although such discontinuous 
events are appealing to an interpreter and 
enhance edge-sensitive attributes such as 
coherence, the “sharpened” edges include 
both high and low frequencies not recorded 
in the original seismic data. These low 
frequency artifacts give rise to the striping 
seen in trace-integration based relative 
acoustic impedance volumes.

Conclusions

Edge-preserving structure-oriented 
filters are nonlinear filters that can improve 
the interpretability, the performance of 
autotrackers, and the response of seismic 
attributes such as coherence. In addition 
to suppressing short wavelength noise, 
these filters can also introduce low- and 
high-frequency spectral components 
not measured in the original seismic 
acquisition program. We have identified a 
pitfall in using such data as input to relative 
acoustic impedance inversion. To address 
this pitfall, we recommend the interpreter 
apply a low-cut (0-4 hertz) filter to the 
conditioned data prior to running relative 
impedance inversion.  EX
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(Editors Note: The Geophysical Corner is 
a regular column in the EXPLORER, edited by 
Satinder Chopra, chief geophysicist for TGS, 
Calgary, Canada, and a past AAPG-SEG Joint 
Distinguished Lecturer.)
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to all levels of the organization. A special 
project, with its own dedicated staff, 
management and budget, was created to 
take care of that focus and monitor the 
program. This part of the deal, combined 
with a complex operation, was to become 
a real challenge for the affiliate and its 
management.

Features of the project (named OTP for 
“Operatorship Transfer Project”) and the 
related participation and operating agreement 
included: a common project organization 
managed by a steering committee, setting 
up working groups to propose action plans, 
a transfer project manager nominated by 
Total with a deputy transfer project manager 
appointed by PTTEP, and a master plan 
drafted to set up the details and propose 
common OTP objectives. 

As a result, the proposal was accepted 
by PTTEP and was carried out in full by the 
parties. This led to a build-up of confidence 
through a long transition period. The 
challenge was successfully faced by the 
affiliate, led first by Jean-Claude Soligny 
and later by Jean-Paul Azalbert, and Total 
and partners produced up to 550 million 
cubic feet per day in July 1998 when 
the transfer ceremony took place after 
three successive phases of accelerated 
development.

Lessons

u From case 1 in Venezuela, the lesson 
is that just going “by the book” is not 
necessarily the best strategy. The business 
negotiators should be given enough 
flexibility to be able to arrive at terms that 
reflect (reasonably!) the project generators’ 
conviction.

u The lesson from case 2 in Yemen is 
that building a strong partnership can be 
a winning factor, rather than trusting pure 
numbers, such as high working obligations 
(and/or cash consideration), when 
warranted by the specific business and 
political environment.

u The lesson from case 3 in Thailand 
is that the social content is becoming 
an increasingly important factor in deal-
making, with an insistent focus on a 
commitment to transfer technology and 
management skills to the host country.

A general conclusion would be that 
the human factor undoubtedly adds value 
to a winning strategy when it comes to 
the delicate steps following the more 
“quantitative” technical preparation of a 
prospective deal. Success was not a given 
outcome in any of the three case histories. 
Perseverance, optimism, a daring attitude 
and being able to “get off the beaten 
track” were the common drivers in highly 
competitive settings around the world.

Many thanks to Serge Matesco, Philippe 
Picard and Jean- Paul Azalbert, who kindly 
helped refresh and complete my memory. I 
am also immensely grateful to Chris Moore 
and to Hans and Judi Krause, and Matthew 
Silverman, who reviewed this article.  EX
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Historical Highlights is an ongoing 
EXPLORER series that celebrates the “eureka” 
moments of petroleum geology, the rise of 
key concepts, the discoveries that made a 
difference, the perseverance and ingenuity of 
our colleagues – and/or their luck! – through 
stories that emphasize the anecdotes, the 
good yarns and the human interest side of our 
E&P profession. If you have such a story – and 
who doesn’t? – and you’d like to share it with 
your fellow AAPG Members, contact Matthew 
Silverman at silverman_matthew@yahoo.com.
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