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IMPACT OF THE NON-REPEATABILITY OF SOURCES AND
RECEIVERS IN OCEAN BOTTOM ACQUISITIONS - A SYNTHETIC

2D STUDY IN SANTOS BASIN PRE-SALT

Filipe Borges 1,2 , Mônica Muzzette 1 , Luiz Eduardo Queiroz 1 ,

Bruno Pereira-Dias 1 , Roberto Dias 1 , and André Bulcão 1

ABSTRACT. Time-lapse seismic feasibility studies support acquisition and processing planning, being also essential
for a good 4D interpretation. In this work, we study the effects of source and receiver non-repeatability in time-lapse
acquisitions with ocean bottom sensors. We perform 2D acoustic seismic modeling with high-resolution property
models in two distinct dates. To simulate source and receiver non-repeatability, different acquisition geometries are
considered for each vintage. The synthetic data are compared in terms of time-lapse amplitude and time-shifts, and
repeatability is quantified via the normalized root mean squared attribute (NRMS). For the parameters considered in
our study, the deterioration of NRMS seems to be dominated by the non-repeatability of the receivers, with source
non-repeatability having a lower contribution. We believe the results presented in this work are a first step towards a
more robust methodology for time-lapse feasibility studies, which incorporate imaging uncertainties.

Keywords: 4D seismic, reservoir geophysics, seismic monitoring, time-lapse seismic.

RESUMO. Estudos de viabilidade sísmica 4D são essenciais para suportar o planejamento, aquisição, proces-
samento e interpretação da sísmica time-lapse. Neste trabalho, investigamos os efeitos da não-repetibilidade de
fontes e receptores em aquisições offshore com sensores de fundo oceânico. Modelagens acústicas 2D por difer-
enças finitas, com modelos de propriedades de alta resolução, foram realizadas para diferentes datas de aquisição.
Os dados sintéticos foram comparados e os atributos de amplitude 4D e time-shift foram calculados. A repetibil-
idade foi quantificada com o uso do atributo normalized root mean squared (NRMS). Para os parâmetros consid-
erados neste estudo, a piora do NRMS parece ser dominada pela não-repetibilidade dos receptores, enquanto
a não-repetibilidade da fonte aparentou ter um papel secundário. Acreditamos que os resultados apresentados
aqui constituem um primeiro passo para estudos de viabilidade 4D mais robustos, que incorporem incertezas de
aquisição e imageamento.

Palavras-chave: sísmica 4D, geofísica de reservatórios, monitoramento sísmico, sísmica de lapso de tempo.
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INTRODUCTION

Time-lapse seismic is the most common geophysical
solution for reservoir monitoring (Bjorlykke, 2010; John-
ston, 2013). As seismic acquisition and processing im-
prove in quality, more detailed features can be extracted
from the data (Tenghamn and Dhelie, 2009). Hence,
the demand for continuous improvement in time-lapse
seismic quality calls for ever-higher repeatability - our
capacity of reproducing exactly, in the monitor acquisi-
tion, the same parameters of the baseline (eg. sources
and receivers geometry, sail line direction, etc.). This
becomes even more critical for reservoirs with low 4D
signal, like the Brazilian pre-salt reservoirs in Santos
Basin (Cypriano et al., 2019).

In this work, we used 2D finite difference (FD)
full wave modeling to estimate the effect of non-
repeatability of sources and receivers in time-lapse
ocean bottom nodes (OBN) acquisitions. Highly de-
tailed acoustic property models, incorporating flow sim-
ulation of a pre-salt field, were created for the baseline
and monitor scenarios, and several geometry combina-
tions were investigated. Random noise, calibrated to
field experiments, was also added to the data. The time-
lapse effect was analyzed using time-lapse amplitude,
time-shifts and normalized root mean square (NRMS)
attribute as selected criteria for comparison. In the mod-
eled scenarios, the deterioration of NRMS was dom-
inated by random noise and by the non-repeatability
of the receivers, with source non-repeatability playing
a secondary role. The evaluation of several configu-
rations was only possible because 2D modeling times
were drastically reduced with the current GPU imple-
mentation of the finite difference code - such analysis
would be very time-consuming in 3D, as a total of five
scenarios had to be modeled and imaged.

METHOD

In this section we discuss model building, the modeling
algorithm, and survey geometries. We highlight that the
area selected for this study is a pre-salt oil field located
in Santos Basin, offshore Brazil, with carbonate reser-
voirs of Aptian age. Due to confidentiality constrains,
the data presented in this work had its location data re-
moved.

The available seismic data in the area were reverse
time migrated, and the migration velocity model was
available for this study. An arbitrary inline section from
this data was selected for this study. The migrated
depth section can be seen in Figure 1. The horizons
mapped in green are the top and base of the salt layer.
The salt thickness varies expressively in the area. Be-
sides, salt properties are not homogeneous, as can be
seen by the internal reflections - this characteristic plays
an important role in properly imaging those areas (Maul
et al., 2019).

Model building

The velocity model used for migration of the image in
Figure 1 is quite smooth, and hence not adequate for
finite difference modeling, mainly because of the low
velocity contrast between layers (Schuster, 2017). Us-
ing the available data, high-resolution models of P-wave
velocity and density were built. For that step, the model
was divided in three regions: post-salt sediments, salt
layer, and reservoir.

For the post-salt sediments, the smooth migration
velocity was combined with the migrated seismic data
to create a higher-frequency P-wave velocity volume.
Then, an empirical equation (Gardner et al., 1974) was
applied to the resulting P-wave velocity model, yielding
a high-resolution density model for the post-salt sedi-
ments.

In the salt layer, a different approach was employed,
based on the use of seismic inversion for salt charac-
terization. An acoustic inversion yielded a volume of
P-wave impedance for the salt. Then, an empirical re-
lation calibrated by well logs was applied to this acous-
tic impedance volume, resulting in the density property.
More details about this methodology can be found in
Teixeira and Lupinacci (2019).

Acoustic properties in the reservoir layers were es-
timated with the help of a petroelastic model (PEM),
since this is the layer that will undergo changes be-
tween baseline and monitor surveys. The rock prop-
erties were obtained from well logs, calibrated by lab-
oratory ultrasonic measurements and analysis of rock
mineralogy. The hydrocarbon properties were obtained
via analysis of sampled reservoir fluid, while the brine
properties were calculated using the results published
by Batzle and Wang (1992). Fluid saturation and pres-
sure in the baseline and monitor dates were obtained
from flow simulation.

The combination of all steps above resulted in the
final volumes of density and P-wave velocity. Figure
2 compares the initial velocity model, used for migra-
tion, to the final velocity used for forward modeling in
the baseline scenario. The density for this scenario is
also shown (Fig. 2c). The original migration velocity is
kept for all migrations (baseline and monitor) that were
performed with the modeled data.

Survey geometry

The main goal of this work is to investigate the effect
of source and receiver non-repeatability on time-lapse
data. Two parameters were selected to be examined:
uncertainty in source position and uncertainty in re-
ceiver position. Starting from a typical parametrization
of 50 m source spacing (close to the sea surface) and
500 m receiver spacing (at the sea bottom), the vari-
ables change according to the described below:

Uncertainty in source position Uncertainty in
source position was modeled as a random variable fol-
lowing a normal distribution of zero mean, and two sce-
narios for standard deviation: 0 (perfect repeatability)
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Figure 1. Seismic section in the study area. The green lines represent the top of salt (ToS) and base of salt (BoS)
horizons.

(a) Migration velocity (b) Modeling velocity - Baseline (c) Modeling density - Baseline

Figure 2. Property models used for imaging (all scenarios) and forward FD modeling (baseline scenario).

or 5 m. The value of 5 m was the result of the statis-
tical analysis of previous OBN acquisitions in the area
of interest. This uncertainty applies only to horizontal
displacements - source depth was kept fixed at 8 m.

Uncertainty in receiver position Like in the source
position, the uncertainty for the receivers was modeled
in two scenarios as a random variable with normal dis-
tribution of zero mean and standard deviations of either
0 (perfect repeatability) or 5 m. These numbers were
also based on analysis of the previous surveys in the
area of study. The depth of the receivers is the same
of the sea bottom in their location, and in this study no
depth uncertainty was assumed for the positioning.

Figure 3 zooms in on the implementation of source
and receiver uncertainties. The geometry scenarios are
created by starting with a regular grid and disturbing
it using a random deviation for sources and receivers.

This process was performed independently for baseline
and monitor surveys. Notice how neither spacing re-
mains regular, and that they are distinct between sur-
veys. The position changes in sources (dS) and re-
ceivers (dR) are the results of the subtraction of the two
Normal distributions, both with zero mean. Therefore,
the resulting distribution is also Normal, with zero mean
and a standard deviation increased by a factor of

√
2

(Fig. 3c).

Following those assumptions, two realizations were
independently generated for sources and receivers. We
will use the mnemonics S1 and R1 for the positions
of sources and receivers in the realization 1, and S2
and R2 for realization 2. The baseline vintage is always
modeled with the geometry S1R1, and the geometry of
the monitor vintage can vary. There are four possible
geometry combinations, described below:
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(a) Regular grid (b) Perturbed grid (c) Cumulative distribution of misfit

Figure 3. Comparison of regular (a) and perturbed (b) grids, applying a normally-distributed perturbation to both
sources and receivers. Black diamonds represent the sources (at 8 m depth), and red triangles are the receivers (at
the sea bottom). Panel (c) shows the cumulative distribution of the misfit for receivers (dR - red) and sources (dS -
black) between baseline and monitor.

Perfect Repeatability (S1R1-S1R1) Both source
and receiver positions are kept the same for baseline
and monitor surveys, i.e., the perturbed (non-regular)
geometry of the baseline survey is repeated for the
monitor. This scenario is used as a benchmark.

Non-repeatable Receiver (S1R1-S1R2) Sources
are kept in the same positions in baseline and monitor
surveys (same realization - S1), but the receiver posi-
tions change (R1 on baseline and R2 on monitor). The
aim of this scenario is to isolate the effect of receiver
non-repeatability. It can also be interpreted as an OBN
field experiment in which, despite the uncertainty in re-
ceiver positioning, the dense shooting grid allows for
perfect reconstruction of a regular source grid, leading
to perfect repeatability on the source position between
baseline and monitor vintages.

Non-repeatable Source (S1R1-S2R1) Sources are
in different positions in baseline and monitor surveys
(different realizations - S1 for baseline, S2 for moni-
tor), but the receivers are repeated (same realization
R1). The purpose of this scenario is to isolate the effect
of source non-repeatability. It can also be thought of
as a permanent reservoir monitoring (PRM) geometry,
where the receivers are perfectly repeated in the base-
line and monitor surveys, but there is some uncertainty
in source position.

Non-repeatable Geometry (S1R1-S2R2) The whole
geometry is different between acquisitions (different re-
alizations for source and receiver positions - S1R1 and
S2R2). It is the situation that is closest to an ocean
bottom node (OBN) field experiment, if no improvement
can be achieved in the source positioning during the
processing.

The four geometries described above, together with
the property models, are the inputs for the finite differ-
ence (FD) modeling, which we detail in the next section.

FD Modelling and Imaging

Forward modeling was performed using a proprietary
implementation for the non-linear two-way acoustic
isotropic wave equation with variable density (Schuster,
2017). The wavelet selected for modeling was a Butter-

worth with maximum frequency of 80 Hz. The modeled
wavefield is registered with a 4 millisecond sampling,
and the grid size is 5 m x 5 m. Since the number of
receivers is one order of magnitude lower than that of
sources, reciprocity was used, and the receiver posi-
tions were treated as sources during the seismic mod-
eling and migration process. This was done purely for
practical reasons and in the text we refer to sources and
receivers without the reciprocity “trick”.

After forward modeling, white Gaussian noise was
added to the seismograms. The noise level was se-
lected to match field recordings of OBN data in the area.
The synthetic seismograms were then used as input
for a reverse time migration (RTM), performed with the
same migration velocity used in the field data (Fig. 2a).
The migration velocity was the same regardless of ge-
ometry scenario or vintage being modeled. Prior to mi-
gration, a mute on the direct wave is applied. Data were
modeled without source or receiver ghost, and only the
upgoing wave field was migrated for the analysis pre-
sented in this work.

Time-lapse amplitude, time-shift and NRMS

The quantitative metric selected in this study to evaluate
the quality of the time-lapse data was the normalized
root mean square (NRMS), whose formula is shown be-
low:

NRMS = 200× RMSMonitor - Baseline

RMSBaseline + RMSMonitor
(1)

There is some discussion on the literature about
the use of NRMS as a repeatability metric, particularly
concerning data of different frequency content (Lecerf
et al., 2015) or in the occurrence of time-shifts (Can-
tillo, 2012). To circumvent those discussions, we chose
to model all scenarios with the same frequency con-
tent, and the NRMS was calculated around the top of
salt (ToS) and base of salt (BoS) horizons, using a win-
dow of 40 meters (9 samples). To avoid degrading the
NRMS calculation with the actual 4D signal (which was
modeled as happening below the base of salt), we inde-
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pendently modeled a set of “monitor” vintages in which
the property models are the same of the baseline vin-
tage - only the geometry changes between the surveys
(plus the addition of white noise). We believe that the
NRMS calculated with this hypothesis should be the
fairest one to compare the different scenarios, since it
measures only the non-repeatability effects. For the 4D
amplitude and time-shift plots shown in the Results sec-
tion (Fig. 6), the property models of the monitor vintage
were used, so the calculated attributes are compatible
with the expected result from a field experiment.

For time-shift computation, the migrated depth im-
ages were converted to time using the same velocity
model adopted in the RTM. Then, time-shifts were com-
puted by finding the lag associated with the maximum
cross-correlation value between monitor and baseline
data, on a trace-by-trace basis (∆t4D = tMonitor −
tBaseline). The cross-correlation was computed in a 128
ms moving window, with steps of one sample (4 ms).
The vertical axis was taken as positive in the downward
direction, so a positive time-shift means that the moni-
tor seismic is displaced towards later times, when com-
pared to the baseline data.

To calculate the 4D amplitude values, first it is nec-
essary to match the different vintages in time. This
is done by applying the calculated time-shifts to the
monitor data, and then subtracting the baseline data
from it. The 4D amplitudes ∆A4D are then given by
∆A4D = AMonitor −ABaseline.

The color convention used for time-lapse amplitudes
and time-shifts in this study follows the standards pro-
posed by Stammeijer and Hatchell (2014), with warm
colors representing softening and cold colors repre-
senting hardening.

RESULTS

Figure 4 shows a comparison of some modeled seis-
mograms (receiver gathers). All plots were generated
for the same receiver, but for different configurations.
Figure 4a is from the baseline scenario. Figure 4b is
the time-lapse seismogram in the scenario of perfect
repeatability, while Figure 4c shows the situation with
uncertainties in both sources and receivers. No ran-
dom noise was added to those seismograms. To ease
visualization, the 4D seismograms have a color scale
ten times tighter.

Figure 5 shows side by side a migrated depth section
for the 3D field data (same as in Fig. 1) and for the 2D
synthetic data (modeled and migrated) for the baseline
scenario. The similarity is striking, despite the lack of
the sea floor reflection, since only the upgoing wavefield
was selected for imaging.

Figure 6 shows 4D amplitude data (time-shifted mon-
itor minus baseline) and time-shifts for some of the
modeled scenarios. The relative acoustic impedance
change is also plotted (Fig. 6a). The theoretical zero-
offset time-shifts, calculated as the difference among
the integrated slowness of each vintage, are shown in

Table 1. NRMS values at top of salt (upper table) and
base of salt (lower table) horizons for the 4 modeled
geometries, with and without addition of white Gaussian
noise (WGN).

WGN S1R1-S1R1
S1R1-

S1R2

S1R1-

S2R1

S1R1-

S2R2

No - 1.89 1.19 2.39

Yes 1.61 2.58 2.27 3.04

WGN S1R1-S1R1
S1R1-

S1R2

S1R1-

S2R1

S1R1-

S2R2

No - 1.53 1.39 2.23

Yes 2.89 3.32 3.47 3.95

Figure 6b. Table 1 compiles the values of NRMS calcu-
lated for all the modeled scenarios.

DISCUSSIONS

We start by discussing the remarkable similarity be-
tween the 3D field and the 2D synthetic data (Fig. 5).
The full wave acoustic modeling, combined with high-
resolution property models, was able to deliver a 2D mi-
grated depth image comparable to the 3D real dataset.
This is a qualitative sign of the robustness of the model
building methodology, as well as of the FD modeling
and migration algorithms.

The time-lapse seismograms shown in Figure 4 are a
visual representation of coherent noise caused by non-
repeatability: the geometry misposition between base-
line and monitor surveys leads to the appearance of
“noise”, but - on synthetic cases - only where there are
data on either vintage. This type of noise, usually pro-
portional to the 3D reflection amplitude, might be chal-
lenging to mitigate during 4D pre-processing. In Fig-
ure 4b, only the 4D signal is visible.

Figure 6 visually summarizes this study. The time-
lapse amplitudes and time-shifts can be seen for some
scenarios. As in Figure 4, non-repeatability of sources
and receivers causes coherent 4D noise, which can
be seen in Figure 6e as a noise that almost tracks
the strong reflectors, like the salt shape. This noise
undermines our ability to identify and isolate the 4D
anomalies that are clearly seen in the perfect geome-
try scenario (Fig. 6c). The inclusion of random noise
(Fig. 6g) further deteriorates the time-lapse amplitude
responses.

A similar analysis can be made for the time-shifts.
As expected, non-repeatability and random noise de-
grade the calculated time-shifts. It was surprising to us
that, even in the benchmark scenario (Fig. 6d), the ob-
tained time-shifts are fairly different from the theoretical
values (Fig. 6b). This might be due to the lack of pre-
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(a) Baseline receiver gather (b) 4D receiver gather - perfect geome-
try

(c) 4D receiver gather - non-repeatable
geometry

Figure 4. Receiver gather of baseline scenarios - (a), and 4D difference of seismograms with repeatable (S1R1-
S1R1) and non-repeatable (S1R1-S2R2) geometry scenarios - (b) and (c), respectively. Color scale in time-lapse
seismograms is ten times tighter.

(a) Field Data (b) Modeled Data

Figure 5. Comparison between the field (a) and synthetic (b) migrated sections in the study area. Modeled data are
from the baseline scenario.

conditioning of data prior to cross-correlation.
The NRMS values shown in Table 1 indicate that, for

the parameters used in this study, receiver misposition-
ing played a stronger hole in degrading the repeatability.
This happened in three of the four configurations (with
and without random noise at the top of salt, and without
noise at the base of salt). The parameters selected in
this work (geometry uncertainty, noise levels) are aimed
at reproducing field data acquired in the area of study,
therefore leading us to conclude that they are adequate
to quantifying the contribution of each factor to the to-
tal NRMS. An analysis performed with different parame-
ters might of course lead to a different conclusion, which
does not invalidate the results presented here.

No dedicated 4D processing has been applied to the
data prior to computation of the time-lapse attributes.
Although source mispositioning also had strong effect
on NRMS for our study, our experience with processing
of field data in the receiver domain shows that a dense
shooting grid allows for a good wavefield reconstruction
in a regular grid, which could severely reduce this non-

repeatability impact. Since in practice the sources can
be better handled during processing (and also because
there are no currently engineering solutions for achiev-
ing actual perfect repeatability on the source side), the
efforts to reduce the NRMS should be focused on im-
proving receiver repeatability - via reducing OBN posi-
tioning uncertainty (Hatchell et al., 2019) or with the use
of PRM systems (Thedy et al., 2013; Ebaid et al., 2017),
for example. While the differences in the values in Ta-
ble 1 seem small, even a minor NRMS improvement can
significantly expand our ability to detect the time-lapse
signal in the area (Mello et al., 2019).

Lastly, we highlight that one important aspect of non-
repeatability in offshore seismic was not addressed in
this study: water velocity variations. It is well doc-
umented that the speed of sound in the water layer
changes seasonally. These changes alter the propa-
gation of seismic waves, having consequences in time-
lapse analysis (MacKay et al., 2003; Han et al., 2012).
This is a clear next step for our work.
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(a) Acoustic impedance change between baseline and
monitor.

(b) Theoretical zero-offset 4D time-shift.

(c) 4D amplitude (perfect geometry, no random noise) (d) 4D time-shift (perfect geometry, no random noise)

(e) 4D amplitude (non-repeatable source, no random
noise)

(f) 4D time-shift (non-repeatable source, no random
noise)

(g) 4D amplitude (non-repeatable geometry, with random
noise)

(h) 4D time-shift (non-repeatable geometry, with random
noise)

Figure 6. Comparison of time-lapse amplitude and time-shifts for the modeled scenarios. First row shows modeled
acoustic impedance change (a) and theoretical zero-offset time-shift (b). Second row shows results for repeatable
geometry (S1R1-S1R1), third row for non-repeatable geometry (S1R1-S2R2), and fourth row for non-repeatable
geometry with Gaussian white noise (S1R1-S2R2).
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CONCLUSIONS

We analyzed the non-repeatability of synthetic ocean
bottom seismic data, considering the contribution of
random noise and geometry uncertainty. Seismic im-
ages for baseline and monitor vintages were generated
using 2D high-resolution property models from a pre-
salt field in Santos Basin, full wave modeling and RTM.
The synthetic data were compared in terms of time-
lapse amplitude and time-shift. The results indicate
that, in the lack of dedicated 4D processing, the NRMS
is dominated by random noise and by non-repeatability
of the receivers, with source mispositioning playing a
secondary role. Because the expected time-lapse sig-
nal from pre-salt reservoirs is fairly low, any improve-
ments in source and receiver positioning can be deci-
sive to measure it.

ACKNOWLEDGMENTS

The authors would like to thank Petróleo Brasileiro S.A.
(Petrobras) for financial support to develop this study,
as well as for the permission to publish the results.

REFERENCES

Batzle, M.; Wang, Z. Seismic properties of pore fluids.
Geophysics 1992, 57, 1396–1408.

Bjorlykke, K. Petroleum Geoscience; Springer Berlin
Heidelberg, 2010. 10.1007/978-3-642-02332-3.

Cantillo, J. Throwing a new light on time-lapse tech-
nology, metrics and 4D repeatability with SDR. The
Leading Edge 2012, 31, 405–413.

Cypriano, L.; Yu, Z.; Ferreira, D.; Huard, B.; Pereira,
R.; Jouno, F.; Khalil, A.; Urasaki, E.N.A.; da Cruz,
N.M.S.M.; Yin, A.; Clarke, D.; Jesus, C.C. OBN for
pre-salt imaging and reservoir monitoring – Poten-
tial and road ahead. 16th International Congress of
the Brazilian Geophysical Society & EXPOGEF 2019,
Rio de Janeiro, Rio de Janeiro, Brazil., 2019.

Ebaid, H.; Wang, K.; Seixas, M.; Kumar, G.; Brew,
G.; Mashiotta, T. Practical example of data inte-
gration in a PRM environment, BC-10, Brazil. First
EAGE Workshop on Practical Reservoir Monitoring.
European Association of Geoscientists & Engineers,
2017, pp. cp–505. Rio de Janeiro, Brazil.

Gardner, G.; Gardner, L.; Gregory, A. Formation ve-
locity and density—The diagnostic basics for strati-
graphic traps. Geophysics 1974, 39, 770–780.

Han, F.X.; Sun, J.G.; Wang, K. The influence of sea
water velocity variation on seismic traveltimes, ray
paths, and amplitude. Applied Geophysics 2012,
9, 319–325.

Hatchell, P.; Ruiz, H.; Libak, A.; Nolan, B.; Agersborg,
R. Precise depth and subsidence measurements dur-
ing deepwater OBN surveys. In SEG Technical Pro-
gram Expanded Abstracts 2019; Society of Explo-
ration Geophysicists, 2019; pp. 162–166.

Johnston, D. Making a difference with 4D: practical
applications of time-lapse seismic data. SEG distin-

guished instructor short course 2013.
Lecerf, D.; Burren, J.; Hodges, E.; Barros, C. Repeata-

bility measure for broadband 4D seismic. In SEG
Technical Program Expanded Abstracts 2015; Soci-
ety of Exploration Geophysicists, 2015; pp. 5483–
5487.

MacKay, S.; Fried, J.; Carvill, C. The impact of water-
velocity variations on deepwater seismic data. The
Leading Edge 2003, 22, 344–350.

Maul, A.R.; Santos, M.A.C.; Silva, C.G.; da Silva,
L.M.T.; Farias, M.d.L.Á.G.; da Fonseca, J.S.;
de Melo Dias, R.; Boechat, J.B.T.; de Souto Borges,
F.A.; Fernandes, L.F. Improving pre-salt reservoirs
seismic images when considering the stratified evap-
orites insertion in the initial model for the velocity up-
dating processes prior to the seismic migration. Re-
vista Brasileira de Geofísica 2019, 37, 235–247.

Mello, V.; Santos, M.; Penna, R.; Rosseto, J.; Deplante,
C. 4D Petroelastic Modeling for a Brazilian Pre-Salt
Field: What to Expect From Interpretation? 81st
EAGE Conference and Exhibition 2019. European
Association of Geoscientists & Engineers, 2019, Vol.
2019, pp. 1–5. London, United Kingdom.

Schuster, G.T. Seismic inversion; Society of Exploration
Geophysicists, 2017.

Stammeijer, J.; Hatchell, P. Standards in 4D feasibility
and interpretation. The Leading Edge 2014, 33, 134–
140.

Teixeira, L.; Lupinacci, W.M. Elastic properties of rock
salt in the Santos Basin: Relations and spatial predic-
tions. Journal of Petroleum Science and Engineering
2019, 180, 215–230.

Tenghamn, R.; Dhelie, P.E. GeoStreamer–increasing
the signal-to-noise ratio using a dual-sensor towed
streamer. First Break 2009, 27, 45–51.

Thedy, E.; Filho, R.; Johann, W.; Seth, S.; Souza, S.;
Murray, P. Jubarte Permanent Reservoir Monitoring–
Installation and First Results. 13th International
Congress of the Brazilian Geophysical Society & EX-
POGEF, Rio de Janeiro, Brazil, 26–29 August 2013.
Society of Exploration Geophysicists and Brazilian
Geophysical Society, 2013, pp. 918–920.

F.B.: conceptualization, investigation, methodology,
project administration, writing (original draft), writing, re-
vising and editing; M.M.: conceptualization, method-
ology, writing, revising and editing; L.E.Q.: concep-
tualization, methodology, writing, revising and editing;
B.P.D.: methodology, software, writing, revising and
editing; R.D.: conceptualization, methodology, writing,
revising and editing; A.B.: methodology, software, writ-
ing, revising and editing.

Received on September 30, 2021/ Accepted em January 14, 2022.

-Creative Commons attribution-type BY
Braz. J. Geophys., 39(2), 2021

https://doi.org/10.1007/978-3-642-02332-3



