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ABSTRACT: In this work, the Rio do Peixe
Sedimentary Basin was used as a scenario
to exemplify the application of the Amplitude
Versus Offset (AVO) technique from simplified 2D
modeling. Models were created considering the
sandstone as reservoir rock through the variation
of parameters such as layer positions, seismic
wave velocities, densities and Poisson ratio.
Simulations were made for the sandstone with
average parameter values, values for saturation
with water and values for saturation with gas.
The AVO analysis made it possible to identify
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and differentiate the type of sandstone saturation (water or gas) due to the change from the
class Il to class Ill anomaly type in the input reflector, thus proving to be a promising seismic
technique.

KEYWORDS: Seismic, AVO, Oil.

RESUMO: Neste trabalho a Bacia Sedimentar do Rio do Peixe foi usada como cenario para se
exemplificar a aplicacéo da técnica Amplitude Versus Offset (AVO) a partir da modelagem 2D
simplificada. Foram criados modelos considerando o arenito como rocha reservatério através
da variagédo de parametros como posicoes de camadas, velocidades de ondas sismicas,
densidades e razdo de Poisson. Foram feitas simulagdes para o arenito com valores de
pardmetros médios, valores para saturacdo com agua e valores para saturacdo com gas. A
analise de AVO possibilitou identificar e diferenciar o tipo de saturagéo do arenito (agua ou
gas) devido a troca do tipo de anomalia de classe |l para a classe Ill no refletor de entrada,
mostrando-se entdo uma técnica promissora da sismica.

PALAVRAS-CHAVE: Sismica, AVO, Petroleo.

11 INTRODUCTION

In applied seismology, so-called seismic waves can be created througcontrolled
sources. These waves propagate through the subsurface and return after suffering refraction
and reflection in the subsurface geological boundaries. The detection of the response is
made by instruments called Geophones or hydrophones distributed along the surface to
measure the time of arrival at different distances from the source. These times are converted
into values of depths, thus allowing the subsurface geological interfaces are then mapped
(KEAREY, BROOKS and HILL, 2002).

The analysis of AVO (Amplitude Versus Offset) is based on the response of seismic
amplitude based on the offset between the source and the receiver. Graphic analysis of the
reflection coefficients allows the classification of the anomaly, which can be an indicator of
oil fields (PIAUILINO, 2014).

According to Lima (2015), new oil exploration sites require technological advances
that exceed the natural complexities. The relevance of oil and natural gas in the economy
can be measured by the fact that these products underpin much of the energy demand in
the world. In the last decades, Brazil has stood out in the exploration of oil reserves because
of successive technological advances achieved in the area.

The Sedimentary Basin of the Rio do Peixe is located between the states of Paraiba
and Ceara, with an area of around 1400 km2. This basin has blocks offered in the ninth
bidding round of ANP (national agency of petroleum, Natural gas and biofuels) with proven
petroleum systems, then there is strong interest in promoting new research in the region
(RIBEIRO et al., 2021).

In this context, through the SeisMod v. 1.04 of ProtoLink, AVO analysis from the
simplified 2D modeling of the Sedimentary Basin of the Rio do Peixe was made. Multi-layer
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models were generated with variations of layer positions, speed of seismic waves, densities
and Poisson ratio. To produce simplified seismic sections geological models of the basin
and perform the analysis of the models through classification and seismograms anomalies
of AVO (amplitude versus offset).

In this way, in this work, section 2 presents the characteristics of the Rio do Peixe
Basin. Section 3 summarizes the theoretical bases of the AVO analysis, which is information
that is necessary for the understanding of the following section. Section 4 identifies the data
processing and demonstrates the results using figures and graphs. Section 5 summarizes

the main results and conclusions of this work.

21 THE RIO DO PEIXE SEDIMENTARY BASIN

The Rio do Peixe is a watercourse that bathes the western end of the State of
Paraiba, in the semi-arid region of Northeast Brazil. The basin covers 17 municipalities,
wherein 2010 lived around 220,000 people were. The Rio do Peixe basin is located in
the NW limit of the State of Paraiba with Ceara. The basin can be divided into sub-basins
that correspond to semi-grabens of Pombal, Sousa and Triunfo. Figure 1 highlights the
geological profiles and the location of the sections studied. The stratigraphic framework is
formed mostly by Precambrian rocks responsible for forming its basement, on which the Rio
do Peixe Group overlaps it, constituted from the base to the top, by the Antenor Navarro,
Sousa and Rio Piranhas formations (ROCHA & AMARAL, 2006).
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Figure 1 - Geological profiles and the location of the studied sections. ANP (2007).

31 ANALYSIS OF AVO

AVO analysis occurs with the comparison between the reflection coefficient,
incidence angle and variations in compressional wave velocity and density through an
interface. The assimilation of the interrelationship between the seismic properties and the
physical characteristics of the environment such as lithology, porosity and fluid content in
the pores of the rocks, serves to perform the extraction of information using AVO. In general,
the amplitude recorded reduces with distance, and in the presence of gas, the opposite
occurs, generating an irregular increase. As Ostander (1984), the coefficients of reflection
influence the behaviour of the amplitude of the seismic waves based on the four parameters
mentioned.

According to Koefod (1995), the elastic properties have contrast at the interface
that divides two media, in which the coefficient as a function of the angle can have several
patterns. With the translation of these patterns, it is possible to infer the properties of
the rocks. The AVO classes defined by Rutherford and Williams (1989) in gas sands are
highlighted:
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+ The class | occurs when the AVO intercept is highly positive generating a de-
crease in amplitude versus the offset. It may cause a polarity reversal in the long
distances, due to the impedance of the bottom layer being larger than the layer
above it.

+ Class Il can lead to an increase or decrease in amplitude with the distance, whi-
ch can make the intercept AVO positive or negative, creating the possibility of
having a change of sign in the short to medium distances, in which the acoustic
impedance of the means is almost the same.

+  Class lll is known as classic AVO. Because the reflection coefficient in normal
incidence is highly negative and generates an increase in amplitude with the
distance.

+ Class IV occurs when the coefficient at normal incidence is negative, but the
AVO gradient has an anomalous behavior, being positive. This class is related
to the presence of gas with a velocity lower than the overlying rock, so the am-
plitude decreases with the distance.

Table 1 and Figure 2 summarize the AVO classification.

. Answer from AVO
Class Relative Impedance A B (Amplitude)
Larger than the " .
| overlying lithology Positive Negative Decrease
I Next to the overlying Pos, Neg Negative Increase or Decrease
lithology ’
Smaller than the . .
. overlying lithology Negative Negative Increase
Smaller than the . .
v overlying lithology Negative Negative Decrease

Table 1 — AVO classification. (CASTAGNA & SWAN,1997).
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Figure 2 — Coefficient of reflection versus angle of incidence. (CASTAGNA & SWAN,1997).

41 PROCESSING AND RESULTS

In processing the data, 2D seismic sections of the Rio do Peixe Basin provided by
the ANP (Agéncia Nacional de Petréleo, Gas e Biocombustiveis) were used to prepare
the geological models using the program SeisMod 1.04 from ProtoLink. Through it, the
seismogram and the reflection coefficient graph with the offset were obtained. In all the
processing, Wavelet Ricker was used centered on the frequency of 33 Hz.

In this context, a region was studied, in which models were created through the
variation of parameters such as layer positions, seismic wave velocities, densities and
Poisson ratio. The reservoir rock considered was sandstone, on which three models were
built: average parameter values, values for saturation with water and values for saturation
with gas.

The region under study has as interfaces the shale (Sousa Formation) and the
basement in which sand was used as a parameter of its predominant composition. Figure 3
shows the region under study demarcated by the presence of a yellow rectangle.
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Figure 3 - Section Used To Study (In Yellow).

The proposed geological model was obtained through bibliographic research and the
insertion of parameters in the program used in this work. Thus, the model was composed of
three rock layers (Figure 4).

Depth Plot

Distance
E?U 1000

] ! T ! | Layers
0 : : : : '

Figure 4 - Geological model of the region.

4.1 Test with average sandstone values

Tests were carried out with average values of the sandstone parameters:

Sealing Rock: Layer 0 - Shale (speed: 2500 m/s; density: 2.36 g/cm?; Poisson’s
constant: 0.355)

Reservoir Rock: Layer 1 - Sandstone (velocity: 4000 m/s; density: 2.425 g/cms3;
Poisson’s constant: 0.25)

Basement: Layer 2 - Sand (speed: 1100 m/s; density: 1.8 g/cm?; Poisson’s constant:
0.325)

Using ProtoLink’s SeisMod 1.04 program, the region’s seismogram (Figure 5) and
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its reflection coefficient (Graph 1) were acquired, allowing the anomalies to be classified.

Figure 5 - Seismogram of the region (Average Values).
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Graph 1 - Reflectance (Average Values).

The seismogram analysis (Figure 5) revealed that the input reflector presented a
high amplitude and positive anomaly at the input, meaning that the acoustic impedance
of the sandstone layer with average values is greater than the acoustic impedance of the
overlying shale layer.

Comparing Graph 1 with Figure 2, it is observed that the anomaly found is classified
as a Class | Anomaly with a high and positive initial reflection coefficient.
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4.2 Test with sandstone saturated with water

Sealing Rock: Layer 0 - Shale (speed: 2500 m/s; density: 2.36 g/cm?; Poisson’s
constant: 0.355.

Reservoir Rock: Layer 1 - Sandstone saturated with water (velocity: 2740 m/s;
density: 2.25 g/cm?; Poisson’s constant: 0.15)

Basement: Layer 2 - Sand (speed: 1100 m/s; density: 1.8 g/cm?; Poisson’s constant:
0.325)

Through ProtoLink’s SeisMod 1.04 program, the seismogram of the region was
obtained again (Figure 6), together with its reflection coefficient (Graph 2), allowing the
classification of anomalies.

Figure 6 - Seismogram of the region (Sandstone Saturated With Water).
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Graph 2 - Reflectance (Saturation by Water).

The seismogram analysis (Figure 6) revealed that the input reflector presented a low
amplitude anomaly and input positive meaning that the acoustic impedance of the sandstone
layer filled with water is slightly larger than the acoustic impedance of the overlying shale.

By exchanging the average parameters of sandstones for specific parameters of
sandstones with water, another new type of anomaly was acquired. Where observing the
graph of the reflection coefficient and making a comparison with the types of anomalies
(Figure 2), it is concluded that the layer now presents a Class Il Anomaly with positive initial
values and close to zero of the reflection coefficient and which becomes negative with
increasing offset.

4.3 Test with sandstone saturated with gas

Finally, the analysis of the anomaly in the region was carried out, but now, using
parameter values of gas-saturated sandstone:

Sealing Rock: Layer 0 - Shale (speed: 2500 m/s; density: 2.36 g/cm?; Poisson’s
constant: 0.355)

Reservoir Rock: Layer 1 - Gas saturated sandstone (velocity: 2600 m/s; density: 2.1
g/cm?; Poisson’s constant: 0.10)

Basement: Layer 2 - Sand (speed: 1100 m/s; density: 1.8 g/cm?; Poisson’s constant:
0.325)

We use ProtoLink’s SeisMod 1.04 program again, the seismogram of the region was
obtained (Figure 7) and its reflection coefficient (Graph 3), allowing, then, once again, to
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classify the anomalies.

Figure 7 - Seismogram of the region (Sandstone Saturated With Gas).

Graph 3 - Reflectance (Saturation by Gas).

The seismogram analysis (Figure 7) revealed that, this time, the input reflector
presented a negative amplitude anomaly (peak inverted to the left), meaning that the
acoustic impedance of the gas-filled sandstone layer in this situation is lower than the
acoustic impedance of the overlying shale layer.

When again promoting the change of the sandstone parameter, now for gas-
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saturated sandstone, a new type of anomaly in the layer was again obtained. It analyzing
the reflection coefficient graph and comparing it with the characteristics of the anomalies, it
can be concluded that the layer can now be classified as a Class Ill Anomaly with the initial

reflection coefficient negative and becoming even more negative with increasing offset.

51 CONCLUSIONS

The work deals with the description of the main processes of processing and
interpretation of seismic data. In addition to the description of the location studied and the
main peculiarities of the site. With access to information, geological models were built in the
region of the basin of the Rio do Peixe.

The studied region was simplified and divided into Sealant rock being the shale,
Reservoir being the sandstone and Basement being the sand. With the variation of the
characteristic parameters (P-wave velocity, Poisson ratio and density) of the reservoir rock,
it was possible to build three models with average parameter values, values for saturation
with water and saturation with gas, being then obtained through seismograms and graphs
of AVO.

The AVO analysis method made it possible to identify and differentiate the type of
saturation of a rock (water or gas) due to the change from class Il anomaly type (positive
initial reflection coefficients) to class Ill (negative initial reflection coefficients) in the input
reflector. Furthermore, in the three cases, the seismogram analysis made it possible to
differentiate the gas-saturated sandstones from the water-saturated sandstones due to the
inversion of the anomaly from positive to negative amplitude. Thus, by reducing the acoustic
impedance, it becomes possible to identify sandstone filled with hydrocarbons.

Highlights that the AVO has the role of support on seismic interpretation, not a direct
indicator of the existence of hydrocarbon, due to the parameters of rocks (speed, density
and Poisson ratio) may have variations due to various causes.

Finally, it should be noted that the AVO tool plays a supporting role in the seismic
interpretation, not being an indicator of the direct existence of hydrocarbons, because the
rock parameters (velocity, density and Poisson ratio) may vary due to various causes.
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