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Resumen
Se propone un esquema no convencional para la adquisición de datos sísmicos en aquellas áreas del Lago de
Maracaibo que exhiben problemas de adquisición debido a
la existencia de capas de lodo. Se describe la metodología
propuesta y un sencillo estudio de factibilidad técnica
basado en modelado y procesamiento de datos sintéticos.
Summary
A non conventional seismic acquisition scheme is proposed
for those areas of Lake Maracaibo presenting acquisition
problems due to the existence of a mud layer. A description
of the proposed methodology is presented, as well as a
technical feasibility study based on synthetic data modeling
and processing.
Introduction
Seismic reservoir characterization has faced many
challenges during the history of oil exploitation in Lake
Maracaibo due to the problems related to seismic
acquisition in certain areas of the Lake. These problems
have been reported in literature since the early 1960s, when
a first report about the seismic properties of the Lake was
published (Levin, 1962).
Although the low quality of seismic acquisition data in
some areas of Lake Maracaibo is indeed a very complex
problem which results from the combined contribution of
many different factors (Mora, 1999), it has been mainly
attributed to the existence of a mud layer in the bottom of
the Lake. This mud layer, which is present in almost all the
Lake floor and which properties vary from region to region,
has been intensively studied for many authors during the
last ten years (Pereira, 1992), (Rivas & Fernández, 1994),
(Sixma, 1996) and (Sixma & Stubbs, 1998) among others.

3.

existence of a critical angle from which the energy of
noisy signals is trapped in the mud layer and is slowly
attenuated,

4.

loss of resolution due to multiple layers of low
velocity mud alternated with hard sediments,

5.

loss of data continuity due to the presumable existence
of gas chimneys,

6.

back-scattering due to the existent pipelines and
installations in the Lake floor.

In this work, we propose an alternatively non conventional
acquisition scheme for some areas in Lake Maracaibo,
which offers the possibility to overcome some of the
problems mentioned above. In the first section of this
report, a description of the proposed acquisition scheme is
presented. Then, the technical feasibility of the proposed
method is evaluated by considering synthetic data modeling
and processing. And finally, some conclusions an
recommendations are provided.
Seismic data acquisition proposal
The basic idea behind the proposed procedure is the
reduction of undesired effects produced by the mud layer,
by restricting to one single pass the transit of the seismic
energy through the mud layer. This procedure, which is
illustrated in figure 1, restricts the acquisition to the
recording of medium and far offsets by locating sources (or
receivers) in a far location outside the range of the mud
layer, such as the Lake shore. In this way, the seismic
energy will transit just once, instead of twice, through the
mud layer, which will be expected to reduce the mud layer
effects over the final seismic data recordings.

Some of the main problems observed in the acquired
seismic data in Lake Maracaibo and their most accepted
hypothesis are:
1.

low signal to noise ratios related to low frequency
reverberations in the mud layer,

2.

loss of the high frequency content of seismic data due
to the presence of gas in some regions of the mud
layer,

Figure 1. Proposed seismic acquisition scheme
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Although the presented synthetic models are restricted to
the one depicted in figure 1, the proposed method can be
easily extended to a general case in which both the
recording and source devices are inside the lake. However,
for the models considered here, the proposed acquisition
scheme is restricted to those areas which are affected by the
mud layer and located close to the Lake shore. According
to this, the extension of the area that can be illuminated will
mainly depend upon the deepness of the target ant its
closeness to the shore.
For the scenario presented in figure 1, two different
approaches can be implemented:
1.

2.

The sources are located inside the Lake over the mud
layer and the receivers on the shore. Although in this
case the source energy is restricted to the use of
airguns, this implementation allows the recording of
both compression and converted waves.
The sources are located on the shore and the receivers
inside the Lake over the mud layer. This approach
allows the use of explosive sources which means the
capability of increasing the signal energy as desired.

Notice that in both approaches, seismic energy travels once
through the mud layer; but additionally to this, the
proposed acquisition scheme incorporates the use of
directional geophone arrays in order to increase the signal
to noise ratio by focusing the survey in the direction of the
impinging seismic field.
Although both of the approaches detailed above seem
feasible, as will be seen later, the first one resulted to be not
viable since the associated critical angles make it
impossible to recover any signal energy for medium and
large offsets. The existence of this critical angle limitation
was already studied and reported (Pereira, 1992). It
happened to be the second approach the one which
provided valuable results enough for considering the
publication of this proposal.
Synthetic data modeling
In this section we will present some results obtained by 2D
finite difference seismic data modeling in a simplified, but
adequate, model of the mud layer at Lake Maracaibo
(Silva, 2001). Figure 2 shows a typical actual shot gather in
a problem area of Lake Maracaibo (right most section) and
a synthetic shot gather (left most section) generated from
the presented model. The considered model included a mud
layer and a shale layer with some typical values of
velocities and thickness (Silva, 2001).

Figure 2. Actual and synthetic shot gathers
As seen from figure 2, although the considered model is not
taking into account all phenomena actually involved in
actual data acquisition, it happens to provide a good
representation on how the low frequency energy masks the
information coming from the reflectors of interest.
As already mentioned in the previous section, the first
acquisition approach, in which the sources are located
inside the Lake over the mud layer and the receivers on the
shore, resulted not viable. Figure 3 shows the generated
synthetic data for this case. As already mentioned, the
impossibility to recover energy for medium and large
offsets is due to the existence of a critical angle which have
been already calculated to be around 20 degrees and
reported in literature (Pereira, 1992). For the particular
model used in this work, this critical angle was of 23
degrees.

Figure 3. Receivers-in-land acquisition approach.
On the other hand, the second acquisition approach, in
which the sources are located on the shore and the receivers
inside the Lake over the mud layer, happened to provide
better results because the problem of a critical angle is not
present . Figure 4 shows the generated synthetic data for
this case.

Figure 4. Receivers-in-lake acquisition approach.
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As seen from figure 4, actual seismic energy coming from
the reflectors is seen in the shot gather. However, coherent
noise energy is also present in the region of interest. Since
we are only interested in the medium and far offset regions
of the gather, we propose the use of directional filtering for
cleaning the seismic sections from coherent noises. As
mentioned before, the use of directional geophone arrays,
based in beamforming processing techniques, is incorporated in order to increase the signal to noise ratio by
focusing the survey in the direction of the impinging
seismic field.

Figure 5 shows the selected subsection of interest which is
centered around the second reflector. For this data, a mask
was constructed in order to preserve only the main
reflections. The reference data section was then obtained by
taking the product between the original data section and the
mask. Finally, the training and testing data sets required to
train the neural network based filter, were obtained by
choosing some particular areas of the reference data set.
Figure 6 shows such areas.

Synthetic data processing
In a directional sensor array, both directivity and
selectivity, can be simultaneously controlled by performing
weighting and shifting of each individual sensor signal
before adding up the total array response. For the case of
wide band signals, such a seismic, the weighting and
shifting parameters for each single frequency value must be
adjusted independently and then filtering is required. The
design of prototype digital filters for constructing
directional geophone arrays was already proposed and
discussed ,as well as the improvement of such filters by
using local optimization methods (Segovia, 2000). In this
work, a slightly different approach is used in which a non
linear optimization and filtering is implemented by means
of neural networks (Haykin, 1994).

Figure 6. Extraction of the training and testing data sets.
Once the training and testing data sets where defined, the
neural network based filter was applied to the original data
set and a filtered seismic section was obtained. Figure 7
presents the original and de filtered seismic sections in both
image and wiggle plotting formats. As seen from the figure,
the coherent noise energy due to reverberations in the water
and mud layer is strongly reduced by the neural network
based filter.

The neural network based filter consisted in a three layer
perceptron with a input layer of 75 neurons, a hidden layer
of 5 neurons and a single-neuron output layer. The input
layer neurons were arranged in a 5 by 15 matrix of neurons
in such a way that 15 samples of 5 consecutive traces
where considered for each filtered output sample.
For training the neural network, the popular back
propagation algorithm was used. However, a very critical
problem appeared for generating the training data set
because no appropriate model could be obtained for
generating the reference or desired-output data. In this way,
due to the unavailability of training data, the training and
testing data sets had to be drawn from the synthetic seismic
sections by using a masking procedure. Figure 5 shows
how a reference seismic section was obtained by masking
the original data.

Figure 7. Original and filtered seismic sections.

Conclusions and recommendations

Figure 5. Generation of a reference data set by masking
technique.

As seen from previous sections, the proposed acquisition
methodology seems to be a feasible alternative for
acquiring seismic data in those regions of Lake Maracaibo
where acquisition problems due to the mud layer
traditionally existed. However, more modeling and testing
is still needed before drawing final conclusion about the
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viability of the proposed technique. Among the most
important issues that have to be considered are:
1.

2.

A more realistic modeling must be performed. 3D
synthetic seismic data must be generated for a more
detailed model of Lake Maracaibo and actual reservoir
conditions.
A more reliable method for generating the reference
seismic data must be considered. Although masking
happens to be a good approach for generating the
reference data set to be used for training the neural
network, a data-independent method must devised in
order to improve the quality of the filtered images.

3.

A detailed analysis on how the missed near offset
information will affect the seismic processing and
migration steps must be performed. It is important to
quantify as well as possible the benefits of such an
incomplete seismic data set.

4.

The feasibility of a similar method (locating the
sources out of the mud layer) but with both the sources
and receivers in Lake acquisition scheme must be
studied. In this case the proposed method is not
restricted to those areas close to the shore.

5.

Beamforming preprocessing must be applied to the
existent shot gathers in mud areas of Lake Maracaibo
in order to evaluate the possibility of reprocessing
existing data instead of performing new acquisition
experiments.
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