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A retrospective on my ADEMA effort � by David Paige

Since Dr. Westerman had taken an early interest in my non-linear inversion techniques, he was curious
whether these methods might prove helpful in the ADEMA project. I, in turn, was anxious to apply my logic to pre stack 3D
shooting. From what I had seen from the original processing report, I felt there was ample room for improvement, even
working after stack..

The initial idea was to prove the merits of my inversion logic on a small set of data.  I asked for a set of 2D
gathers to be drawn from the 3D volume. Apparently this was not possible, so what I did get was the complete set of raw shot
point data. 

Since I did not have access to a full processing system, I had to write my own gathering logic. This put me
in early contact with the data, and the strong coherent noise was immediately evident. Seeing this problem, I questioned
whether any inversion could provide accurate results. I also questioned the wisdom of running migration in the presence of
coherent patterns, but this deviates from the point.

Rather than give up, I started what became a major noise removal effort. Because I had not yet written my �line
oriented� gathering, I processed the entire volume (which involved looking at thousands of shot points). Then, when I was
ready to invert I found that the coal seam target data was not lining up on the gathers in a normal way and this led to even
further analysis and programming. In fact the whole study became an effort to see how much total good might come from
purifying the data. Preliminary �targeted� inversio n was done on the �after noise removal� stacked dat a

Because my lack of a complete system caused much of the extra effort, I just billed a small fraction of the total
time spent. However, not having a pre-defined system was a blessing in disguise because of what I found in the extra
programming.  Sorting the field traces in order of absolute offset made handling the coherent noise infinitely easier.  Using this
new approach I studied many hundreds of individual shot points, leading to a fuller understanding of what I was seeing. The
more exciting �before stack� inversion is now clear ed for action.

This report is an attempt to pass this hard earned knowledge to people more comfortable with mathematical
formulae than with stochastic reasoning. In many ways this is more of a challenge than understanding the coherent noise.
Central to this communications problem is the task of fighting the current fixation on AVO theories that contradict what I say
inside.  However, if pictures are worth lots of words, that should help. I ask for reader comments.

Everything covered in this summary applies to oil and gas prospects, making the topics even more important.
---------------------------------------------------

A.  Coherent noise �  Prior to my work, little attention was paid to the serious coherent noise problem in the Daw Mill data,
even though it was immediately visible on my early displays. I understand that the attention drawn to the subject resulted in a
re-processing effort, but I have no details.
 
Since the original justification was to invert the target coal seam, the inevitable distortion caused by such energy
was of great concern to me. The challenge was first to understand the nature of the noise, and then to devise methods of
gently removing it. Flagging the problem was the subject of my early reports. A major breakthrough came through the
realization that coherent noise could best be handled using the shot point format, with traces sorted by absolute offset.
Excerpts from those reports, with expanded comments comprise the first section.

B.  Event scattering and broadening phenomena �  While reflection events (after noise removal) were sharp on the
re-sorted shot point layout (even after move-out had been done there) they appear jumbled on the gather. This subject is
covered, and examples of the solution shown. It also became evident during this phase, that there was a consistent
broadening of the target pattern with offset. In my mind, both answering the question of what causes this, and that of how that
physical reality can be put to use are the most important contributions of my efforts. They apply to oil and gas exploration of
course, and extend into AVO work.

C.  Stacked results and preliminary target inversion are shown next. While the actual measurements of vein
thickness seem reasonable, more accuracy through pre-stack inversion is probably needed. 

D.  Carrying the development to the next level �  Plans for pre-stack inversion logic are discussed (in particular, using
what I have learned about the ray path effect of low velocity beds).

E.  Background and examples of previous inversions. 

http://adaps.com/Spiking.html will give you access both to my latest work and to my web site.
dpaige1@sbcglobal.net
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Coherent noise
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To set the stage, here is a normal shot
point in terms of target quality. It comes from
where the event is deepest. The 3D layout
of the phones is evident of course.

The central noise cone is here (as
it always is), along with a strong shallow
band of noise.  There also are a number of
bad traces. The true ratio of energy between
the noise and the real reflections is not
evident however. If the display parameters
were set to avoid jamming on the noise, you
would not see anything else. This is, of
course, a vital point when it comes to
stacking.

See the same data below, re-sorted
by absolute offset. 

The coherent noise seems to be
generated near the surface, so deeper al
structure does not affect the lineup, and we
don�t have to be over-concerned with
azimuth. The noise lineup on the re-sort
shows the advantage of attacking the
problem using this layout..

The slope of the noise events
reflects the �one way� speed of horizontal
travel. This means that noise events
generated by a deeper, faster layer will
catch up and beat the shallower ones.  

The target event, pointed to here,
exhibits �two way�, vertical travel. It is
sandwiched between two different types of
coherent noise that are discussed later.

Merging crossed sinusoids.  Each
point on the section is the sum of its parts,
each with its own frequency spectrum. The
job of lifting the unwanted energy off must
be approached with caution. Simple,
frequency oriented filtering can be
dangerous

Non-linear, predictive logic requires
that the offending energy must be first
identified by wave shape (predicted), then
balanced and removed. Several examples of
the process are shown next. 

Frequency sensitive filters do not
have the power to differentiate on the
basis of wavelet shape. It does trouble
me when they are applied where noise
wavelets lap over the signal we are
trying to bring out.
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The green arrows point to 50 hertz noise on the “be fore” half of this display.  The filter logic has a  special mode that
specifically looks for long trains at this frequenc y. Comparing the before and after shown above, it i s hard to believe
they are the same, but they are.

Notice all the bad traces on this “before”. Again, there is non-linear logic that looks to this proble m. From here on,
everything you see will have first passed through t his filter logic. Noise does remain, but it has bee n greatly
diminished. Again, the entire volume was pre filter ed.
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See below


