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Abstract

Honoring depth information provided by wells is essential
when building seismic velocity models. This concept can
extend also to honor the information provided by
interpretations, log well data, seismic attributes,
conceptual geological models.

From these assumptions it is reasonable to create
velocity fields reflecting subsurface geology. Therefore
the model could be built extrapolating within the interest
area all the available information following the previous
described premises.

A good seismic velocity model could enhance several
studies/applications such as: seismic illumination, seismic
processing, tomography, anisotropy, depth and lateral
positioning, uncertainty analysis, quality of amplitude.
Even other areas like geomechanics and well drilling
projects can improve their results using these realistic
velocity models, observing the existing geology as input.

In this work we present a specific management of
velocities within evaporitic salt section and the realistic
premises involving the geological velocity model
construction.

Introduction

To characterize any kind of reservoir good quality seismic
images are essential. Besides, accurate depth estimation
is mandatory for any seismic usage. Hence, it is
necessary to design robust seismic acquisition as well as
a good strategy regarding processing. Both must be
focused on the interest reservoir.

Getting inside at each step of subsurface image building,
it is notable that the used velocity model plays a big role
for the final result.

In order to have a better comprehension of the reservoirs
through seismic we must have a reliable model about
what is above them, particularly the P-Wave velocities.
This could be partially reached with mathematical
concepts/approximations as tomography, for instance.

However, the majority of velocity models generated only
by tomography do not properly represent geological

features as demonstrated in Falcdo et al. (2014).
Incorporating rock knowledge above the reservoir, in
terms of velocity models, has demonstrated great
potential to solve this matter. When used in reprocessing,
improves the seismic image quality, as shown in Gobatto
et al. (2016). Besides this, for illumination studies such as
Jardim et al. (2014), Maul et al. (2015) and Jardim et al.
(2015) have demonstrated better results.

Excellent examples of velocity fields including geology
have appeared when an effort was made to create better
images of pre-salt reservoirs in Santos Basin. Maul et al.
(2016) demonstrated how to incorporate stratifications on
evaporitic salts layer and several usage for this kind of
approach.

The main objective of this work is to present how we build
velocity models in some areas of Santos Basin using
geology as constrains. This knowledge is derived from
previous seismic image constructed using available
dataset. The key aspect to be focused is the velocities
determination inside evaporitic salts section including its
observed stratification. Beyond this we will explore how to
manage honoring well depths, information from logs,
seismic attributes, adjustment of depth migrated gathers
and defining velocity values to fill information gaps.

Method

In Gonzélez et al. (2016) it is proposed iterative workflows
integration to generate more realistic geological seismic
velocity models (figure 1). Therefore, as a new image is
built, it is possible to use it to update and refine the
velocity model enhancing seismic image until the
objective resolution and quality is good enough.

A geological reservoir model is always supported with
well data: logs, cores and plugs. The same methodology
should be applied when building geological velocity
models. A detailed well data analysis for salt section was
first described by Amaral et al. (2015). After that, we enter
in the loop of assembling the velocity models that honor
both geology and seismic.

The first presented strategy to incorporate stratification
within evaporitic salts layer uses amplitudes variation to
match different kinds of salt (Oliveira et al., 2015).
However, only amplitude usage to discriminate changes
in thin stratification may be a pitfall due to side lobes from
other reflections. As per Meneguim et al. (2015), an
alternative way to enhance the thin stratification
recognition considers seismic model based acoustic
inversion.
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Figure 1: The proposed workflow to generate a more
realistic geological seismic velocity model (adapted from
Maul et al., 2016 in Gonzélez et al., 2016).

Seismic Inversion
(3D)

Getting inversion results, it is necessary to create a
function to transform Al (acoustic impedance) in feasible
P-wave velocity values. Therefore we can use well logs to
cross-plot the sonic velocity against Al calculated from
sonic and density, as shown in figure 2.
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Figure 2: Well logs X-plot within evaporitic salts layer of
one specified field in Santos Basin. It is made to
determine a third degree polynomial regression
correlating Al and P-Wave velocity.

As we can see in figure 2, the green and black dashed
straight lines are calculated reference values from well
analysis. Black is the mean correspondence and green
median one. The red dashed straight line is the used
truncation values to construct the velocity model. The
black solid curve is the regression itself, and the green
solid curve has an adjustment trying to match Al median
value to halite velocity median value which represents
more than 80% within evaporitic salts section.

Finally, the first geological velocity model representing
stratification within evaporitic salts section is built. Then, a
new seismic data migration is performed enabling
evaluation of new seismic images.

The referred seismic analysis considers the integration of
all available information. The first aspect to take into
account in this integrated analysis is the gathers
alignment. The second one corresponds to depth position
observed in drilled wells. Several velocity model versions
are created in order to obtain the most appropriated
seismic response in terms of quality and depth
positioning.

Results

We believe the stratification incorporation within evaporitic
salts section using velocity models for pre-salt fields in
Santos Basin should be a standard input for seismic
depth migration.

Besides seismic processing, this kind of model could be
used in several other areas, eg: geomechanics, seismic
acquisition illumination studies, uncertainties in terms of
amplitude quality, lateral and depth positioning, well
drilling projects, etc.

A Santos Basin particular area is shown in figure 3. The
used velocity model to build the seismic image does not
represent any stratification as noticed in seismic
amplitude.

Figure 3: (A) Velocity from tomography not considering
any stratification within salt layer (B) Amplitude seismic
section showing stratification within salt layer. It is
important to mention this velocity was used to generate
the amplitude image.
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To assemble a more realistic geological velocity model
considering the needed stratification as described in our
methodology, we performed an amplitude and inversion
analysis showing results to be verified from figure 4.

Figure 4A represents acoustic inversion performed in
amplitude data (figure 3B). After that, velocity values from
inversion were calculated using the equations described
in figure 2.

Figures 4B and 4C show first and last tested velocity
models to migrate data, respectively. Some issues
regarding the transition between velocity models 4B to 4C
are relevant and will be addressed once several test
models were created.

Here, we will discuss the subject concerning the
regression to be used to calculate velocity from Al. The
first velocity model we were able to test migration is
represented in figure 4B. It was built simply by applying
demonstrated black regression. The depth migrated
gathers showed reasonably flat events within evaporitic
salts section. However, when compared with well depth
values, we noticed that velocities must be lower than the
used one. That was the motivation to change our function
between Al and P-Wave velocity, using the green curve
instead the black one. Even though the well depths were
honored, events in gathers were no more flat, suggesting
velocities were lower than needed.

As the first used criteria is to get alignments over gathers,
we stated to keep black solid line regression. To fit well
depths was adopted another strategy lowering velocities
where no stratification events were presented within
evaporitic salts section, especially in dome and/or diapiric
domains. In these areas it is suggested the salts were
mobilized mixing all the moveable salts: halite, carnalite,
tachydrite. Justen (2014) demonstrated lower velocity in
salt section reflects more than only halite velocity
(4500m/s) reducing in average the measured velocities.
For that reason regions were generated inside evaporitic
salt section corresponding to domes/diapirs.

In seismic amplitude data, domes in evaporitic salts
section are easily identified by the absence of reflections
(see figure 3B). Then those regions could be established
through energy seismic attributes, and lower velocities
would be assigned for them, as demonstrated in figure
4C.

Getting the appropriated regions (domes/diapirs) the
problem relies on what is the velocity value to be
considered for those domains. Any values (from 4400 to
4500 m/s) are supposed to deal with alignment on
gathers, affecting only depth. Figure 5 presents seismic
migrated sections varying built velocity models. Figure 5A
represents the amplitude image using original
tomography model (previous processing). Figure 5B
represents the same section considering the modeled
velocity built in described workflow.

Figure 4: (A) Acoustic impedance derived from inversion
of amplitude seismic data; (B) Calculated velocity using
inversion and regression curve; (C) Adapted velocity to
adjust wells with migrations.
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The gather displayed in figure 5 was chosen to
demonstrate domes and stratifications together for better
comparison. Both models seem to return good seismic
image regarding gather alignment and depth position.
Anyhow, the highlighted area demonstrated a gain in
amplitude response when using geological velocity model
with minimum tomography effort to obtain the gather
alignment.

Figure 5: Same stacked amplitude section with different
velocity models as input to migration. Red line on section
represent the trace depth migrated gathers on section
side. The letters refer to the used velocity model:

(A) Original velocity from tomography shown in figure 3A,
(B) Geological velocity chosen as shown in figure 4C.
The red boxes on gathers highlight stratification events,
demonstrating recuperation and enhancement of events.

Depending on the project, this domes areas can be
created with another approach. In Carvalho (2012) was
demonstrated the mapping of cycles within evaporitic
salts section. Therefore, if the area has this kind of
information (the mapping of internal cycles) could be
possible to change velocity values inside the
domes/diapirs region.

In the end of this workflow, was created just one
deterministic geological velocity model to recreate the
seismic image. Although, with acoustic inversion would be
possible to simulate seismic facies using probabilistic
density functions from well data as described in
Meneguim et al. (2015), creating velocity models to
perform seismic uncertainty regarding depth positioning.

Other approach for this model construction could be
verified in Borges et al. (2015). These authors suggested
a trend to increase/decrease the velocity models in
complex areas.

Conclusions

Geological velocity models have been showing
improvement in final products derived from several
seismic processes where they are necessary as input.
However, we have to remember, it is still just a model
from indirect measures and, by definition it is wrong or at
least naive. Hence we will always have space to develop
models reflecting more and more the reality.

In case of Santos Basin, stratification incorporation within
evaporitic salts section is just the first step to improve
seismic image and depth estimation of pre-salt reservoirs.
Further we need to dedicate studies to model velocities
honoring geology on post-salt layer, as well as anisotropic
considerations.

To incorporate more geology, information is required.
Therefore, to determinate velocity values above reservoir,
well data logs also should be acquired on previous layers
before reach the objective. For instance, evaporitic salts
layer need more logs information.

Converging to a geological velocity model and the
construction of a good seismic image that honor all
available information has been possible due to migration
tests on data while assembling the model.
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