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ABSTRACT
Geoscientists apply algorithms such as seismic attributes to better interpret depositional systems
that enhance various aspects of the seismic data. However, they are limited by the original seismic
amplitude or frequency content, data quality, and algorithm parameters considered.
Additionally, our capacity to interpret depositional system architecture is limited by seismic
resolution, which results in potential misinterpretations associated with the correct position of
stratigraphic features. This is particularly important as mapping reservoir architecture (geobody
size, shape, and stacking patterns) in the subsurface is critical for exploring and producing
hydrocarbons, CO, storage, and geothermal resource development since it can define connectivity
or compartmentalization of flow zones.
To address these concerns, we investigated five synthetic seismic volumes from low to high-
frequency bandwidths of 15 Hz, 30 Hz, 60 Hz, 90 Hz, and 180 Hz based on an architectural model
of an outcropping deepwater channelized slope system in the Magallanes Basin, Chile. We
analyzed 1) how seismic bandwidth affects the resolution of stacked stratigraphic features (i.e.,
deepwater channel elements and Mass Transport Deposits (MTDs)) and their subsequent seismic
interpretation, and 2) the effect of different seismic attributes commonly employed in channel
interpretation on our data to understand the “mixing” or “vertical smearing” of stratigraphic
features by comparing the seismic with the true geological model 3) we explored how the
attributes’ parametrization affects the imaging of differently sized features by modifying the
analysis window in each case from +/-2ms to +/- 50 ms. Finally, 4) we evaluated the effect of
different noise levels in the sensitivity analysis.
Results show that the “mixing” of events occurs mainly as a result of 1) the seismic bandwidth, 2)

the algorithm used for each seismic attribute calculation, 3) the attribute vertical analysis window,
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and 4) the signal-to-noise ratio of the data. Broadband, higher frequency data, and small analysis
windows provide clearer images of the stacked channels. In contrast, low-frequency data and larger
analysis windows result in more mixing or “composite” appearances, affecting interpretations and
net-to-gross estimates, especially in small-size stratigraphic features such as individual channel
elements and Mass Transport Deposits (MTDs). Our observations warn of potential
misinterpretations in applying default attributes to actual seismic data, especially in geometrical
attributes and window-dependent ones. Recognizing these misinterpretations is paramount for
reconstructing deepwater architecture (this study), sedimentary and structural studies for drilling
locations, reserves estimation, and overall uncertainty assessment.

Keywords: deepwater; seismic facies; architectural elements; seismic geomorphology;

interpretation; seismic attributes; channel complex, analysis window.

1. Motivation and objectives

Seismic exploration of deepwater channels is challenging due to the physical properties
inherent to the seismic, the variability in fill and stacking of reservoir geobodies, and the
uncertainty that can occur due to the lack of hard data (core or well data). Reservoir architecture
controls the distribution of fluids in the subsurface and the connectivity (or
compartmentalization) of the reservoir that impacts recovery or injectivity. Therefore,
geoscientists seek to understand how sensitive the interpretation of reservoir architecture is to
different quality and types of seismic data, as well as different attributes and parameters
commonly used to identify the architecture better and to make appropriate well plan decisions,
volumetric and recovery/storage estimates.

The primary questions we aimed to address with the study are:
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e How does the seismic data's frequency content affect the imaging of deepwater
architecture?
e What is the effect of each seismic attribute on the architecture interpretation and its true
position, both vertically and horizontally?
e What is the effect of the seismic attribute analysis window size on the vertical smearing of
architecture?
e What is the effect of seismic noise on our sensitivity analysis?
The study's importance is identifying common pitfalls in seismic interpretation using
synthetic seismic data created from an outcrop-derived architectural model of a seismic-scale
deepwater channel system. Studies with synthetic data like this allow geoscientists to understand

uncertainty in interpreting channel architecture from seismic data.

2. Introduction

When it comes to reservoir characterization using seismic reflection data, even if we
employ all the tools available to interpret, locate, and measure the reservoir that will contain (oil,
gas, and water) or allow for the storage (geothermal, CO,) of economic resources, uncertainty
prevails. This interpretational ambiguity occurs due to changes in various physical parameters in
response to the media and the seismic records’ inherent acquisition and processing characteristics.

The imaging and interpretation of different-sized stratigraphic features in the subsurface
using seismic reflection data are often compromised due to limits in seismic resolution, which in
addition to tuning effects, can influence volumetric interpretations and gross rock volume
calculations (Pemberton et al., 2018). Therefore, geoscientists need to understand the common

pitfalls associated with seismic interpretation: the impact of the frequency content on the imaging
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of reservoir architecture, the choice of parameters and attributes’ influence on the interpretation of
architectural elements, and the detrimental impact noise can have on the overall picture. To address
this, we performed a sensitivity analysis that evaluated four parameters: frequency content, the
effect of the seismic attribute, the impact of the window of analysis, and noise level combined with
five 3D synthetic datasets.

The synthetic data that was derived from an outcrop analog in Magallanes Basin, Chile
(Ruetten, 2021), and employed realistic acoustic impedances. The models that used a series of
zero-phase Ormsby wavelets and 1D convolution (Langenkamp et al., 2021) allowed us to better
understand how seismic bandwidth and seismic attribute parametrizations affect the resolution of
stacked stratigraphic features in a seismic-scale channel system, providing insights that could be
beneficial to the industry for drilling decisions, whether it is for hydrocarbon, geothermal, or
CO, storage purposes.

In order to extract the most value and information from the seismic data, seismic
interpreters often derive seismic attributes from the data to reveal additional stratigraphic or
structural features. These attributes provide a means to enhance vertical and lateral changes in
reflectivity, thickness, continuity, and orientation of seismic features. From the exhaustive list of
seismic attributes existent, we focus on amplitude-derived, instantaneous, and geometric
attributes for offering promising results in channel architecture definition (La Marca, 2020). All
coherence algorithms (that belong to the geometric attributes’ class) use a vertical and lateral
analysis window, whether they are based on cross-correlation, semblance/variance,
eigenstructure analysis, or the gradient structure tensor. For good quality data, Marfurt et al.
(1998) found it best to analyze stratigraphic features using a temporal analysis window as narrow

as possible, determined by the highest frequency in the data or the 3" frequency corner in the



114

115

116

117

118

119

120

121

122

123

124

125

126

127

128

129

130

131

132

133

134

135

136

Ormsby wavelets. For poor-quality data, a larger window approximating the dominant period of
the data provides improved results with minimal stratigraphic mixing.

Pemberton et al. (2018) and Langenkamp (2021) provided insights into the effect of
amplitude and frequency on architectural element imaging and interpretation and facies
classification. Nonetheless, the impact of seismic attributes, the parameters, and the noise content
were not evaluated. Hence, this is one-of-a-kind study that focuses on assessing the complexities
of attribute parameterization using synthetic data based on a known geologic model.

With the true model known, attribute parameterization and its effects on stratigraphic
interpretation can be quantified, particularly highlighting the parameters that impact the apparent
stratigraphic mixing or smearing of events such as the windows of analysis.

We first describe the aspects related to the architectural (outcrop) model and the
characteristics of the synthetic datasets used. Then, our workflow is explained, providing details
on the four parameters evaluated. Results are presented and focused on the cases derived from
parameter combinations/sensitivity analysis. In the end, we provide a table and workflow that
allows geoscientists to identify potential pitfalls in interpretation and address them according to
their individual datasets, as best practices in interpretation should be documented and available to

the geoscientific community to help reduce uncertainty in reservoir characterization.

3. Geological model description

The geological model that is the basis of this study is derived from a sandstone-rich
deepwater channel system along a progradational slope system (Hubbard et al., 2010). These
deepwater slope deposits from the Late Cretaceous (70-80 Mya) Tres Pasos Formation are

exposed on approximately 3 km long, 200m thick outcrops near Laguna Figueroa in the
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Magallanes Basin, Southern Chile (Macauley and Hubbard, 2013; and Hubbard et al., 2014). The
high quality of the stacked channel systems has been used to construct a seismic-scale 3D
architectural model of the deepwater channel system (Pemberton et al., 2018; Jackson et al.,
2019; Langenkamp et al., 2020; Ruetten, 2021). According to Fildani et al. (2013) the outcrop is
analogous to many slope channel systems globally in stratigraphy and depositional setting, which
makes it an excellent benchmark for any study that aims to address problems associated with
channel interpretation.

The models are the result of several studies from Macauley and Hubbard (2013), Fletcher
(2013), and Southern et al. (2017) combining measured sections, hierarchical stratigraphic
interpretations, paleoflow measurements and thousands of GPS data points that calibrated a drone-
derived photomosaic. For these models, the fundamental architectural component are channel
elements, defined as distinct, mappable channelized sedimentary bodies (Figure 1). Multiple
stacked, related channel elements form a channel complex, and two or more complexes form a
channel complex set (McHargue et al., 2011; Macauley and Hubbard, 2013, Meirovitz et al., 2020;
Figure 1). The outcrops at Laguna Figueroa contain two complex sets, simply referred to as the
Upper and Lower Figueroa. The upper complex set consists of eight channel elements and are
grouped into four distinct channel complexes. The lower complex set contains twelve channel
elements grouped into three channel complexes. Elements are modeled with a standardized width
of 400 m and thickness of 25 m. Three additional architectural components are present in the
outcrop: mudstone drapes at the base of channel elements, mass transport deposits (MTDs) at the
base of channel complexes, and inner-levee thin-bed deposits encasing the channelized elements
(Macauley and Hubbard, 2013; Hubbard et al., 2014). The geological models consist of five facies:

1) channel element axis in yellow, 2) channel element off-axis in orange, 3) channel element
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margin in brown, 4) homogeneous shale in gray, and 5) background shale (inner and outer levee
facies) in white (Figure 2C).

Jackson et al. (2019) developed the first fine-scale geocellular model combining channel
planforms and vertical stacking for the lower outcrop section (lower channel system) but did not
include hierarchical groupings in the architecture. Pemberton et al., (2018) generated forward
seismic models using Jackson et al. (2018)’s model and analyzed seismic interpretation of
architecture as a function of seismic resolution. Nielson (2018) analyzed the tuning effects of
single channel elements. Ruetten (2021) updated Jackson’s initial model with new interpretations
and added an upper channel system separated from the lower system by a debris flow, and
studied how stacking patterns impact reservoir connectivity and fluid flow. Finally, Langenkamp
(2021) analyzed the influence of stacked channel element architecture on facies classification
using Ruetten’s model. This work utilizes the geocellular model of Ruetten (2021) and synthetic
seismic models from Langenkamp (2021).

The five synthetic seismic models used in this study were built using a series of zero-
phase Ormsby wavelets of 15 Hz, 30 Hz, 60 Hz, 90 Hz, and 180 Hz and 1D convolution (Chile
Slope Systems research consortium; Langenkamp et al., 202; Figure 2C) with a reflectivity
model. More aspects of each model are found in Langenkamp (2021). Facies-based rock
properties (Figure 2B), adopted from Stright et al. (2014), show that amplitude peaks represent
an increase in acoustic impedance (Figure 2D). In contrast, troughs depict a decrease in acoustic
impedance. The synthetic volumes have a vertical window of 500 ms. For analysis purposes, we
cropped the volume from 120ms to 380ms to avoid dead/blank zones in the reflectivity and focus

on the target channel systems.
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Figure 1. Stratigraphic hierarchy: from a single element to complex sets. A vertical slice within the Pipeline
3D dataset offshore New Zealand shows the seismic appearance of different architectural hierarchies in
deepwater channels, with corresponding cartoons below. The smallest architecture (4™ © 5% order) is
the channel element (box 1 in green). The second hierarchy (6% order) occurs when the channel elements
stack together, forming a channel complex (box 2 in blue). The higher-order hierarchy (7 order and higher)
occurs with the amalgamation of channel complexes, developing a channel complex set (box 3 in magenta).
The color legend indicates the distinct facies that commonly occur within each element of each architecture.
Measuring the sizes of each architectural element indicated on the right as well as their hierarchy, provides
key insight into the underlying depositional processes as well as a prediction of the more common
lithologies. Hierarchies mentioned follow Pickering and Cantalejo (2015) classification.
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Figure 2: A visual guide showing the steps to convert outcrop measurements to a synthetic model. (A) Location and
exposure of the outcropping deepwater channels at Laguna Figueroa. Paleoflow is from North to South (obliquely and
to the right into the outcrop at this location) (B) Conceptual diagram of the Upper and Lower Figueroa outcrops
showing channel elements, complexes, and complex sets. The red line indicates the outcrop profile. Left of the line is
into the outcrop face, and the right has been eroded away. (C) geocellular model using the constraints from (B)
augmented by facies and corresponding rock properties, including acoustic impedances from Shallow Offshore West
African modeled rock properties (Stright et al., 2014). (D) The Ormsby wavelet and a representative vertical slice
through the 3D synthetic seismic data volume generated from the model shown in (C). Courtesy of Teresa
Langenkamp and Lisa Stright.
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4. Methods

To address the questions posed in the study and focus on analyzing the effect of
bandwidth on vertical resolution, we introduce the term "stratigraphic event mixing." This
vertical smearing phenomenon is explained in Figure 3, using a real example where the
interference of channels from other stratigraphic levels is evident. As depicted in Figure 4, first,
we performed an exploratory data analysis to define a vertical window of interest constrained to
the objective of the study: 120 ms and 380 ms from our five volumes of synthetic seismic data.
After cropping the 15 Hz, 30 Hz, 60 Hz, 90 Hz, and 180 Hz dominant frequency volumes, we
performed a sensitivity analysis on four parameters: 1) frequency content, 2) seismic attribute

effect, 3) the effect of the analysis window, and 4) the influence of band-limited random noise.

Next, we calculated a series of seismic attributes from amplitude accentuating, geometric,
and instantaneous attributes commonly employed in seismic interpretation of channel systems.
Due to the number of cases to evaluate, we decided to explore and present the most
representative seismic attributes for each case in detail (the most commonly used and that
provided better results). Next, for each scenario, we defined a suite of 3-trace by 3-trace analysis
windows with various vertical lengths from 2 ms to 50 ms. For visualization and interpretation
purposes, we used co-rendering techniques. Finally, we explored the impact of the addition of

low and high levels of noise.

The final analysis of the results was performed by combining the aforementioned parameters into
the following cases: 1) the response on the same attribute and analysis window in the different
bandwidth volumes, 2) the impact of changing the analysis window for different seismic
attributes, 3) the effect of changing the window of analysis size for the same seismic attribute,

and 4) the effect of noise. All cases were contrasted with the initial actual data/model.

11
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More details and considerations taken in each parameter evaluation are presented below.

Channel complex offshore New Zealand and their architectural
delineation in seismic vertical slice

Seismic stratigraphic mixing of channels leading to potential
misinterpretation of their relative position in subsurface

* * « Channel axes that appear with a stronger response in each time slic

Sm | VE =3X
100 m

High

Low

2100 ms

Figure 3. Explanation of stratigraphic event mixing or vertical smearing of stratigraphic features. (A)
Vertical resolution of channel elements related to different peak frequencies (modified after Nielson,
2011). (B) Vertical slice through the 3D Pipeline 3D offshore New Zealand seismic survey showing a
channel complex and a Horizon used for interpretation at different stratigraphic levels indicated by yellow
arrows. The dominant frequency at this level is 40 Hz giving a dominant period of 25 ms. (C) Stratal
slices at approximately 25 ms intervals through the coherence volume computed using a £20 ms analysis
window show “stratigraphic” mixing by the seismic wavelet. Note that the relatively straight channel
form at 2050 ms can be seen at 2080 ms and other stratigraphic levels (1,2,3 from deeper to shallower)
where other channel forms (green arrow) appear causing interference. The cause of this mixing could be
1) mixing of reflectivity by the 25ms dominant period seismic wavelet, 2) mixing of discontinuities
through the 40 ms coherence computation, 3) shifting of the basal channel element thalweg due to
compensational style as you move up or 4) differential compaction over deeper discontinuities between
the floodplain and the channel element fill.

4.1. Parameter 1: frequency content effect

12
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Tuning thickness is the temporal resolving power of seismic data. Some authors use
resolution and tuning thickness terms interchangeably, although tuning starts right below the
vertical resolution. Table 1 presents the tuning thickness for each element in the synthetic
volumes studied here. Knowing the resolvability in seismic is paramount to understanding the

effect of other parameters considered in the sensitivity analysis.

Resolution is the ability to resolve by seismic interpretation methods two features that are
close together. By definition, the vertical resolution of seismic data is % of the wavelength (X),

where the A is determined by dividing the average velocity by the dominant frequency.

Exploratory data analysisand volume
cropping

Parameters assessment

i ] ] |
Parameter 2: Seismic Parameter 3: Analysis Parameter 4: Addition

Parameter 1: Frequency content . . . ;
| 4 ¥ attrlbutels choice wmdlows of n|0|se
— Y

¢ ¢ ¢ Amplitude Small
accentuating 2ms

15 Hz 60Hz 180Hz 5%

= Geometric Medium -
30Hz S0Hz Large i

Instantaneous 50ms

I I ' I

Case 3: Effect of the

Case I: effect of spectral Case 2: Attribute Wsiswind .
bandwidth on the sensitivity to thickness ana \,r3|s.wm ow 3|_ze on Case 4: Effect of noise in
. . . the vertical smearing of e .
imaging of architectural and extent of . . the sensitivity analysis
. . stratigraphic
elements stratigraphic elements .
architectures
[ | | ]

|
Workflow optimization
v

Geoscientist analysisand interpretation: [ Parameter evaluated
document best practicesin attribute Cases _stuc!led .
L L Geoscientist analysis
parametrization to avoid pitfalls

Figure 4. Workflow of the study. Four different parameters were evaluated in the sensitivity analysis: 1)
the effect of frequency content, 2) the impact on the choice of the seismic attribute, 3) the analysis window
effect, and 4) the sensitivity to band-limited random noise addition. The best cases were selected to be
shown in each case, and analysis was performed by comparing them with the original 3D geological model
derived from the Laguna Figueroa Deepwater outcrop. This resulted in 4 cases for analysis, ultimately
leading to a workflow and documentation of best practices in channel architecture interpretation.
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The frequency content was the first parameter evaluated for the impact on the
interpretation and resolvability of the different architectural elements. The five dominant
frequency synthetic seismic volumes were analyzed, and we compared the results with those of

Pemberton et al. (2018), and Langenkamp (2021).

Channel elements MTDs
Dominant Frequency (Hz) Tuning Thickness (m) Tuning Thickness (m)
15 48.9 53.2
30 24.4 26.6
60 12.2 13.3
90 8.1 8.9
180 4.1 4.4

Table 1. Tuning thicknesses for shallow and deep elements in each synthetic seismic volume. Modified

from Langenkamp (2021).

4.2. Parameter 2: Choice of seismic attributes

A seismic attribute is a computation made from algorithms applied to seismic data to get
a more interpretable output. These responses relate to rock physical properties (La Marca, 2020)
in rocks and fluids in the subsurface. However, there are tens if not hundreds of seismic
attributes (Barnes, 2016), and time constraints do not allow for testing them all. Some of the
latest studies (Posamentier and Kolla, 2003; Chopra and Marfurt, 2007; Hossain, 2020; and La
Marca and Bedle, 2022) have proven the successful application of amplitude accentuating,
geometrical and instantaneous attributes applied to PSTM data to interpret and characterize
channel elements and complexes in both fluvial and deepwater settings. Generally, we need the

combination of a geometrical attribute that allows defining edges and at least one attribute that

14
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provides insights into stratigraphy (La Marca et al., 2019) to characterize channel features in

seismic data. Therefore, we focused on testing attributes that belonged to those three attribute

categories and chose the most prominent of each class.

Table 2 summarizes the most representative seismic attributes selected for each class: root mean

square amplitude (RMS), Sobel filter coherency, and instantaneous frequency.

Attribute

Use in architecture

Attribute Appearance Category Measurement interpretation
v Direct measure of waveform
; S S
/ . similarity or how 51m11?1r Delineates edges of
Coherence f Geometric waveforms or traces are in a
I.I" . channel elements
-/ volume- used to emphasize
' A continuous events or edges.
Provides measure of
channel element vs
* Measures the square root of the inner levee
RMS amplitude Amplitude/Energy | average energy within a vertical Provides statistical
A ] window. measures of channel
element fill between
two picked horizons
F
High ’ 1 1 1
Instantaneous A simple approximation (.)f the Channel element
Spectral mean frequency of the seismic .
frequency , thickness
on al wavelet.

Table 2. Selected seismic attributes to perform the sensitivity analysis showing a representative image,

feature measurement, and use in channel element interpretation.

4.2.1. RMS amplitude

The RMS amplitude is an amplitude accentuating attribute often used for stratigraphic

and lithologic variations enhancement. It is defined by the standard deviation, o(t), of the data,

d(t), within a running analysis window, subsequently measuring the reflectivity within that

window (Meek, 2015). For a window that ranges from -T=-KAt to +T=+KAt about a sample j,

the RMS amplitude is:

15
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drus(AL) = 68t = (557 2 X (dlG +0A0TY) B (1)

In this study, we evaluated how well RMS showed stratigraphic variations.
4.2.2. Coherence (Sobel Filter)

Seismic coherency is a measure of how similar traces are among their neighbors, which is
a response to lateral changes in the seismic record caused by variations in structure, stratigraphy,
lithology, porosity, and the presence of hydrocarbons (Marfurt et al., 1998), and it is determined
computing amplitude derivatives along structural dip. Sobel filter (Luo et al., 1996) is one of the
many coherence methods, which for seismic data normalizes coherence data to produce results
between 0 and 1, where 0 is the lowest coherence, and 1 is the highest coherence. It has proven
to be effective in delineating channel element edges (La Marca and Bedle, 2021; Hossain, 2020;

and Herron, 2011); therefore, we aimed to test the definition of the channel elements' edges.
4.2.3. Instantaneous frequency

The instantaneous frequency is computed sample by sample, is the time derivative of the

instantaneous phase ¢(z):
F(ty=dlp(n)/de.  Eq(2)
and provides a simple estimate of the mean frequency of an isolated seismic event.

Subrahmanyam and Rao (2008) find that the instantaneous frequency attribute can
indicate bed thickness and provide lithology insights. Chopra and Marfurt (2007) emphasize
their usefulness in identifying abnormal attenuation and thin-bed tuning. Our model has thin
features, such as channel elements (from axis, off-axis, to margins), that we aimed to test by

using this instantaneous attribute.
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4.3. Parameter 3: Analysis window effect

According to Lin et al. (2014), the scale of the window height, H, is a function of the

dominant or peak frequency fycak:

H=1/2fpeax) - Eq(3)

Applying this concept to our dataset spectrum, we would need to use a window of 2ms

for the highest frequency volume (180Hz) and ~33 ms for the lower frequency volume (15Hz).

Amplitude

m)

@ Samples
= Seismic trace
At=sample increment= 1ms
— Analysis windows= 2 ms= 2 samples
Analysis windows= 10 ms= 10 samples

Time

':l Analysis windows= 20 msec= 20 samples
T Dominant period

Figure 5. A representative analysis window used in attribute calculations. Signals are sampled at discrete
points, not continuous recordings. Therefore, each seismic trace will contain as many samples as the sample
rate allows. For the example shown, if we consider the dominant period (distance between two peaks), our
analysis window will contain 20 samples, equivalent to ~ 20 msec. Other examples of analysis windows
are depicted, including the smallest possible equivalent to the sample increment, in this case, 1 msec.

To understand the concept of analysis window, we have drawn a cartoon (Figure 5) that
shows a seismic trace with its respective samples. It illustrates how a small, medium or large
analysis window would look and what a dominant period is. Usually, the number of samples
considered in a default analysis window parameter setting is around 11 samples (default window

60ms) for a 6ms sample rate dataset; in our dataset, the sample rate is 1ms. In real data,

shallower, higher frequency data often shows smaller periods than the deeper strata/intervals
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where lobes of the traces are wider. Due to this change in frequency, some authors, like Lin et al.
(2014), recommend using an adaptive window. However, this is not often possible or available in
the software packages commonly used by geoscientists. Nonetheless, the geoscientist/interpreter
can control the analysis window in the attribute settings. Therefore, we want to provide insights
into the difference between a default analysis window and a shorter or larger one (which reduces
or increases the number of samples, respectively). We compared the results from each different
analysis window to the original, true data (the geological model), which provides a good

sensitivity analysis for all kinds of datasets and any of the attribute families studied here.

4.4. Parameter 4: Addition of band-limited random noise

When seismic data is recorded, we find two components: signal and noise. The latter
comprises all the unwanted recorded energy that contaminates seismic data, and it can be random
or coherent (Kumar and Ahmed, 2021). Random noise is generated by activities in the
environment where seismic acquisition work is being carried out, and this noise appears in a
seismic record as spikes (Enwenode, 2014). Seismic noise levels depend on the type of
acquisition—land or marine—and the intrinsic conditions unique to every site, such as climate,
the burial of sensor, and wind (Tanimoto et al., 2015). Although there are many types of noise,
like Gaussian, Pink, Brownian, violet, and blue, in this study, our fourth parameter incorporated

in the sensitivity analysis is the band-limited random noise.

Signal-to-noise ratio (SNR) is a measure used to compare the degree of signal to the level
of background noise, in which case a ratio larger than 1:1 suggests more signal than noise. So,
the lower the SNR, the noisier our dataset. As Chen et al. (2019) mentioned, this will lower the

quality of the seismic, affecting subsequent analyses such as imaging and inversion.
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We incorporated different noise levels, from a low noise added of 5% to a high 30%.
Higher noise levels were not presented due to the incapacity to extract meaningful interpretations
from the data. Nowadays, noise can be added to synthetic datasets thanks to available software

like the one used in this study.

5. Results
To address the study questions and link the parameters taken into account in the

sensitivity analysis, we present the results summarized in four cases:

5.1. Case 1: The effect of the spectral bandwidth on the imaging of architectural elements

After evaluating the five synthetic models of 15 Hz, 30 Hz, 60 Hz, 90 Hz, and 180 Hz
dominant frequencies, we observed that the level of detail of the different sized architectural
elements increases with frequency; therefore, broadband, higher frequency provides better

resolution.

Figure 6 shows the effect of each frequency in imaging each geological element. Figure
6B corresponds to the lowest frequency, and we can distinguish channel complexes and mass
transport deposits (MTDs). However, smaller features like the 25m thick channel elements and

MTDs are mixed in thicker, unresolvable reflectors.

Figures 6C and 6D show frequencies commonly encountered in the subsurface (30Hz and
60Hz for vintage and recent data, respectively). Here, the individual complexes are well-defined.
Nonetheless, the amalgamation or stacking of elements presents a single response and minimal

acoustic impedance contrast.

Higher frequencies shown in Figures 6E and 6F present the best responses compared to
the original model. Figure 6E can even differentiate some of the stacked packages; overall, the
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individual and stacked channel elements can be better resolved. It is noteworthy how the highest
frequency (180 Hz) illustrated in Figure 6F starts to lose the definition of the inner reflectors.
Another observation is that, in all cases, the vertical channel axis (center) is resolved better than
the channel's margins, both as a function of thickness (channel elements are thickest in the center
at the axis) and acoustic impedance contrast (rock properties of channel element margin is more

similar to inner levee than the channel element axis).

In general, channel complexes sets are visible at all frequencies analyzed, whereas
individual complexes start to be resolvable from 30 Hz and higher. However, when elements
have vertical stacking, channels do not show contrast in acoustic impedance due to repeated
material/ similar composition and properties, therefore the attribute response is also affected by

this phenomenon.

5.2. Case 2: Attribute sensitivity to thickness and extent of stratigraphic elements

After performing the seismic attribute sensitivity analysis, we noticed that the thickness
and extent of stratigraphic events imaging are inherently linked to the frequency content of the
seismic, analysis window, and seismic attribute used. At peak frequencies commonly
encountered in the subsurface (around 30- 60Hz), the number of complexes was underestimated,
and the size, shape, and type of architectural bodies (channels elements vs. margins, elements vs.

complexes) were difficult to differentiate (Figure 7).

In most cases, channel complex sets were able to be interpreted. However, the
amalgamation of smaller-scale channel elements results in an incorrect estimation of thicknesses.

Nielson (2016) documented the same phenomenon.
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Figure 6. A representative vertical slice (224) and time slices at /=-191ms) through the (A) 3D model that
shows (B) 15 Hz data, (C) 60 Hz data, (D) 90 Hz data, and (E) 180 Hz data. Notice the improvement in the
channel architecture's detail with the increase in the dominant frequency and corresponding spectral
bandwidth, being able to interpret complexes from figure B on.
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For example, in cases where similar facies were in contact, the acoustic impedance
similarities did not allow for the differentiation of individual channel elements. Also, in tests
performed with a large analysis window, the interpretation of smaller features was not possible

(Figure 8B, 8D).

L 30 Hz (representing vintage seismic data) L 60 Hz (representing modern seismic data)

channel complex

Internal
architecture

Figure 7. Results on the attribute sensitivity analysis to thickness and extent of architectural elements using
a default analysis window. We present results on the 30 Hz dataset, analogous to vintage seismic data (to
the left), and the 60Hz dataset, representing modern seismic data (to the right). Each attribute is presented
for both frequencies in a representative inline (224) and time slices (-280 ms and —191ms) as follows: (A)
RMS (Root Mean Square) amplitude for 30 Hz (B) coherence (Sobel filter) for 30Hz, (C) Instantaneous
frequency for 30 Hz, (D) RMS amplitude for 60 Hz (E) coherence (Sobel filter) for 60Hz, (F) Instantaneous
frequency for 60 Hz.

5.3. Case 3: Effect of the analysis window size on the vertical smearing of stratigraphic

architecture

To demonstrate the effect of the window size on the vertical smearing of the different
architectural elements in the model, we show an RMS amplitude sensitivity analysis (Figure 8).
We perceived that RMS amplitude offers a detailed picture of the various facies in the 180 Hz
volume, including imaging of the MTD associated with the channel complexes and the
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individual channel elements. However, for larger analysis windows and lower frequency
volumes, for example, 50 ms window combined with a 15Hz dominant period seismic volume,
such details are lost, resulting in an accentuated vertical stratigraphic smearing effect. Therefore,
the application of amplitude-derived seismic attributes results more effective in higher frequency
content datasets and using a small analysis window than in another configuration. It is
noteworthy that a higher value of RMS is presented where an amalgamation of events occurs,

which potentially leads to the interpretation of higher NTG (Figures 7 and 8).

Since the Sobel filter coherence seismic attribute aids in detecting discontinuities, such as
geological structures and edges, especially in time slices, we included this attribute in our

analysis to identify the channel complexes and the edges of the channel elements (Figure 9).

We observe stratigraphic mixing occurring in the vertical slices when we utilize a larger
analysis window. It is also noticeable that higher dominant frequency data in combination with a
small analysis window allows for a correct placing of feature edges (Figure 9C), which is
supported when compared to the true model. In contrast, the position of the channel element
edges deviates from the original/ true location or becomes distorted when the analysis window
size increases (Figure 9D) or the frequency of the data is small (Figure 9A) regardless of the

analysis windows used.

5.4. Case 4: Effect of noise in the sensitivity analysis

Figure 10 shows the most prominent results of the sensitivity analysis on the noise effect. We
compared, in this case, how instantaneous frequency, coherence, and RMS amplitude seismic

attributes respond to variations in band-limited random noise from 5% to 30%.
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Figure 8. RMS amplitude sensitivity analysis to evaluate the effect of the window size W on the vertical
smearing of the different channel elements in the model. (A) 15 Hz with W=2ms (B)50 Hz with W=50ms
(C) 30Hz with W=2ms (D) 50 Hz with W=50ms (E) 180 Hz with W=2 ms (F) 180 Hz with W=50 ms. High-
frequency data with a small analysis window provides the most suitable representation of the true model.
In RMS amplitude, the most accurate facies depiction is given by high frequencies and small window
combination, imaging channel element base, and inner and outer levee facies.
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Figure 9. Sobel filter coherence attribute sensitivity analysis to evaluate the effect of the window size W
on the vertical smearing and displacement of the different architectural elements in the model. (A) 15 Hz
with W=2ms (B)30 Hz with W=2ms (C) 60Hz with W=2ms (D) 60 Hz with W=50ms. Notice how at a
higher dominant frequency (60Hz) and smaller window of analysis, there is better detection of the channel
element edges and channel element fill. In contrast, at lower frequencies and or larger windows of analysis,
there is interference from deeper channel elements, as in the case presented on Figure 3.

The most evident finding is that with the increase in noise content, interpretation becomes

more challenging since the amount of noise hinders channel element edge and facies detection. A
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particular result found is a low coherence value predominance when evaluating the 30% noise

case (Figure 10B).

5.5. Pitfalls in attribute interpretation and how to minimize them

The results mentioned above warn of potential pitfalls when interpreting seismic data. For

example, not understanding the frequency content and quality of the seismic dataset could result

in the inappropriate use of seismic attribute parameters and subsequent misinterpretations. To

summarize all these results, we present a list of common pitfalls (Table 3) in attribute interpretation

and how the interpreter can attempt to avoid them.

dominant frequency of the
data

Common How to address it Comments
misinterpretation
Not inspecting the | Inspect the seismic volume and understand | Higher frequency, broader bandwidth
frequency content and | dominant frequency and variations with | data provide higher vertical and lateral

depth

resolution

Not understanding the
quality of the data and
resolution

Calculate the seismic resolution

Imaging of different scales of
architecture improves with a higher
signal-noise ratio

Using
attributes

meaningless

Have a clear geological goal and calculate
attributes effective for similar targets in
literature

Avoid attributes that make pretty
pictures but are not directly related to
the target objective.

Using default parameters

Select parameters adequate to your study.
In windows-based attributes, smaller
windows provide less vertical mixing
whereas larger windows are less sensitive
to noise. Because data quality and
resolution change with depth, parameters
appropriate for the shallow part may be
suboptimum for the deeper part of your
survey.

Defaults are provided for the most
common cases encountered by the
most common user (e.g., oil and gas
exploration). If your data are unique in
either acquisition or objective, test a
wide variety of parameters and choose
the ones that best delineate your target.

Interpreting data that has a
low S/N ratio, or high noise

Inspect your seismic volume and
categorize the noise type and level when
possible. Then apply a noise reduction or
removal algorithm

Noise can hinder the interpretation of
seismic facies and calculating
attributes won't help. If data are noisy,
we recommend just using amplitude-
related attributes.

Table 3. Common pitfalls in seismic interpretation and how to avoid them.
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Figure 10. Sensitivity analysis of the effect of random noise in channel architecture interpretation. Results
shown refer to the 60 Hz dominant frequency seismic volume (which would be analog to real datasets). (A)
5% band-limited random noise added evaluated in RMS, Coherence, and Instantaneous frequency
attributes. Interpretation of prominent features like channel complexes is only possible. (B) 5% band-
limited random noise added applied to RMS, coherence, and instantaneous frequency attributes. Notice
how the increase in noise is detrimental in the channel architecture interpretation, especially when using
coherence. This may be due to the sensitivity that small windows have on high noise content.
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6. Discussion

6.1. The importance of mapping channel architectures

Channels systems, whether fluvial or deepwater in origin, exhibit petrophysical
characteristics that make them excellent reservoirs for oil, gas, or other resources (Slatt et al.,
2009). However, channel system mapping in the subsurface becomes challenging, especially

when only seismic data is available.

In seismic reflection data, the amplitude, frequency, and noise content will condition the
quality of the seismic image, affecting the interpretation of different architecture and facies
embedded in the reflector configuration and overall seismic response. It is, therefore, paramount
to understand how size-dependent architecture is displayed and imaged under different
conditions and how the application of seismic attributes could help or hinder the interpretation of

such architecture.

In this study, we used a unique approach by employing 3D synthetic seismic datasets as a
benchmark to perform a sensitivity analysis to understand how different-scales of architecture
appear as a function of frequency content, noise level, type of seismic attribute, and

parametrization, especially the analysis window selected to calculate attributes.

The analysis of all the scenarios resulted in the following observations: broadband higher
frequency data (e.g., 90 and 180 Hz) combined with a short analysis window (e.g., 2 ms, 20 ms)
minimized the stratigraphic mixing (Figure 6). In contrast, lower frequency data that were
analyzed using a large vertical analysis window (Figure 8) resulted in poor imaging of the
channel architecture, vertically mixing stratigraphic architecture at different hierarchical levels.

This affects the temporal evaluation of features that show an overlap of individual architecture
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(i.e., channel elements) in the system in consecutive time slices, or in other words, a vertical
offset from the known position (Figure 9) of sedimentary units (also shown by Pemberton et al.,

2018).

This observation warns of potential interpretation pitfalls in applying such seismic
attributes to actual seismic data. Stratigraphic mixing can hinder the correct temporal and spatial
representation of individual channel elements and boundaries of channel complexes, leaving the
internal architectures and potential fluid flow barriers imprecisely imaged (Coleman, 2000),
hence, incorrectly mapping and estimating the volume of the reservoir units of interest, which

could result in important economic loses.

6.2. The effect of frequency content in the imaging of architectural elements

Resolution has always been one of the main concerns for seismic interpreters since
important features like small channels, or DHIs/ bright spots can be overlooked in seismic data.
Also, hazards and baffles (Cardona, 2020; Meirovitz et al., 2020; Ruetten, 2021), like the MTDs,
may not be imaged in the seismic picture analyzed. In this study, MTDs are only five meters

thick and usually mantle the base of the channel complexes and complex sets.

To improve the seismic data’s resolution, as demonstrated in this study by the enhanced
definition of each element in higher frequency datasets, frequency content should be increased.
This suggests that ideally, modifying the initial design of the seismic data and obtaining higher
frequency data will allow us to get the resolution required to image submarine channel
complexity to the detail commonly observed in outcrop (Coleman et al., 2000). This type of data

is, however, costly.
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Although the cost of high-quality data is currently high, with the advancement in
technology, we presume that access to higher-quality data at reduced prices will become
available soon. An example of this kind of data is the use of OBN (ocean bottom nodes) — high-
resolution 3D seismic acquired with the addition of P-Cable, an offshore seismic data acquisition
system that provides highly detailed ultrahigh-resolution images of the seafloor and subsurface
geology (McGregor et al., 2022) — and high-resolution (1-6 kHz) chirp data that offer a better

image of the stratigraphy and structure of rocks in the shallow subsurface.

It is likely that soon most of the seismic data acquired will be high resolution, without
necessarily needing to be high frequency, and that we will find ways to improve our algorithms
to treat the noise associated with acquisition and processing or overall improve the data quality
from the early stages of seismic acquisition. But, until then, we need to understand the
limitations of various kinds of seismic data and become aware of potential pitfalls in

interpretation.

6.3. Selecting seismic attributes and parameters that are ideal for mapping channel

architecture

In this study, we evaluated the effect of seismic attributes on the channel system
architecture interpretation and their true position in the outcrop model. Our first insight is that

there is no one-size-fits-all kind of seismic data.

Therefore, we suggest that the first step when interpreting seismic reflection data should
be to 1) define the geological goal, 2) become familiar with the acquisition and processing of

information, 3) make an initial inspection of the data, 4) determine if there is some noise or
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artifact that the interpreter needs to correct or be aware of. Finally, 5) select seismic attributes

based on established purpose/geological goal.

One of the most critical steps is defining a clear geological goal. The interpreter should
reflect on what attribute would better suit their purpose. For example, we would use amplitude-
derived or instantaneous attributes in studying bright spots. For channel systems, instantaneous
or frequency attributes can help highlight the differences between the channel elements
(Fedorova, 2016), whereas geometrical attributes (such as Sobel filter coherence) aid in

delineating the external shape of the architecture (La Marca, 2020).

Because there are tens to hundreds of attributes, testing many of them can be time-
consuming. Imagine that in this study, with just three attributes shown and the case
combinations, we had a total of 90 volumes to evaluate. Therefore, it is recommended to work
only with attributes whose principles the interpreter understands or, if using multiple attributes,
rely on experimental designs like Box Behnken (Ferreira et al., 2007) that will help to synthesize

a large amount of data.

Attribute computation varies from software to software, and some attributes are
computed trace by trace, whereas others are sample by sample. Understanding this initially
would help in setting the correct parameters in each case. For attributes that are window based,
like wavelet or average frequency, and the ones studied here, the variation of the analysis
window affects the imaging of architectural elements.

We used instantaneous frequency since it can indicate the edges of thin low-impedance
thin features. Additionally, it is an excellent bed thickness indicator, where higher frequencies
indicate sharp interfaces or thinly bedded strata and lower frequencies indicate thickly bedded

sandstone-rich strata (Subrahmanyam and Rao, 2008). Interestingly, in the study, the true
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thickness of isolated channel elements (approximately 25m of thick-bedded amalgamated
sandstone at the channel element axis) was more interpretable from the dataset of 60 Hz
dominant frequency and above and only partially distinguishable in the shallow portion of the
30Hz dataset. This finding was also noted by Nielson (2018) and Langenkamp (2021), although

neither study included seismic attribute analysis.

RMS amplitude measures reflectivity within a time window (Meek, 2015). It computes
the square root of the sum of squared amplitudes divided by the number of samples within the
windows used (Equation 1). Therefore, the number of samples and windows used affects the
strength of reflectivity we get with the algorithm used. In contrast, some attributes like Sobel
filter coherence do not necessarily improve channel architecture imaging by selecting a minimal
analysis window. In this case, since the wavelength increases with increasing velocity, which
increases with depth, we agree with Lin et al. (2014) that coherence attributes should use a
shorter analysis window in the shallow section and a larger vertical analysis window in the
deeper section. Some software has this already integrated as an adaptive window, which we

consider to be one route to improve attribute results in the future.

6.4. Impact of noise on the interpretation of channel features

Different types of noise could be found in our seismic data: coherent noise, a series of
unwanted signals that appear when the source is applied (Alderton and Elias, 2021), and
incoherent noise, which would appear whether we shoot or not. For this sensitivity analysis, we
only explored the effect of band-limited random noise, which belongs to the latter category, on

imaging the different architecture in a deepwater channel system.

When using instantaneous attributes such as instantaneous frequency, it was noticed that

at low noise levels (e.g., 5%), smaller features like MTDs were still visible. However, with the
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increase in noise, it was extremely difficult to interpret individual geologic features in the

seismic volume.

As Herron (2011) stated, the output's quality of interpretability relies on the input's noise
content. In fact, a highly noisy dataset will likely contain very little reliable information.
Moreover, we noticed that the effect of stratigraphic mixing is emphasized in the coherence
attribute, where anomalous low or high values of the attribute were unexpectedly found and that
the interpretation of small or large size features in the seismic was very hard to impossible to
perform. These findings stress the importance of noise removal using adequate techniques
related to the type of noise. This must be done in the early stages of seismic interpretation to

avoid misinterpretations (Figure 11).

In terms of the analysis window selected in the presence of noise, using a very large data-
analysis window (in three dimensions) will include plentiful data and likely produce output with
a marked structural overprint. On the contrary, a window that is too small will barely include
data and produce an outcome that is more a manifestation of noise in the data rather than

geological content (Herron, 2011).

Our final thoughts are that although studies that use synthetic data and perform sensitivity
analyses provide a tool to address misinterpretations encountered in the seismic interpretation of
potential reservoirs, especially in the exploration stage, it is necessary to take into account that
each seismic dataset and geologic setting are unique to the exploration area and that every aspect

should be considered carefully before making impactful decisions.
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Figure 11. Generalized workflow for a geoscientist to avoid pitfalls in interpretation by getting optimized

results according to their dataset.
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7. Conclusions

The sensitivity analysis of 3D synthetic seismic volumes derived from a model of an
outcropping deepwater slope-system and assigned reservoir properties was performed. The study
comprised the combination of four parameters: 1) frequency content, 2) attribute selection, 3)
windows of analysis and 4) noise content to identify their effects on the imaging of different

scales of deepwater architecture.

The results are summarized in four cases that allow the depiction of common pitfalls in
channel interpretation: 1) the effect of the spectral bandwidth on the imaging of the different
scales of architectural elements, 2) the seismic attribute sensitivity to the thickness and extent of
element and complexes, 3) the effect of the analysis window size on the vertical smearing of

channel elements and MTDs, and 4) the effect of noise in the sensitivity analysis.

In this study, we introduced the term "stratigraphic mixing" to define the combined
picture resulting from the inability to resolve a single channel element. In this sense, broadband,
higher bandwidth (e.g., 90 Hz) data combined with a short analysis window (e.g., 2ms)
minimizes stratigraphic mixing. In contrast, lower bandwidth data, in addition to a large analysis
window, results in poor imaging of the channel element and channel complexes that exhibit a

"composite" appearance, vertically mixing geological features at different stratigraphic levels.

The importance of this analysis resides in that stratigraphic mixing affects the temporal
evaluation of features that show an overlap of individual architecture at different scales in the
system in consecutive time slices or a vertical offset from the known position of sedimentary
units, which may result in important economic losses by misplacing an exploration well (e.g.,
actual target not in place) or overestimating reserves due to an incorrect NTG estimation and

subsequent volumetric calculation (e.g., baffles like MTD are not imaged).
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In order to determine the sensitivity of the different architectural elements to seismic
attributes, we explored three classes of algorithms: amplitude-based, geometrical, and
instantaneous, and showed the results of the most prominent attributes: RMS amplitude,

instantaneous frequency, and Sobel filter coherence.

Attributes that are window-dependent, such as RMS amplitude, show an improved
imaging of the actual thickness of the channel architecture when calculated using a short analysis
window (e.g., 2ms) over a higher frequency dataset (from 30Hz and above). With larger analysis
windows and or a small frequency dataset, there is significant vertical stratigraphic mixing. High
RMS values and a composite effect were found in stacked channel element configurations

indistinctly of the parameters used, which would likely result in an overestimation of NTG.

Conversely, for edge detection attributes like coherence, a small analysis window does
not provide a better depiction of channel element/complex/complex set edges. Instead, we
observed displacement with respect to the actual position and composite pictures of them,
especially in vertical sections, which makes their interpretation cumbersome. Therefore, we
suggest using an adaptative window with depth or a default analysis window (half of the peak

frequency is a good approximation).

When evaluating the last parameter, which corresponds to the effect of band-limited
noise content, it was observed that the mapping of channel elements is hindered by adding noise
to the data. When the noise level increases, as expected, the interpretation of features is hindered
by the impact of the noise. We suggest applying algorithms that will allow us to eliminate or

reduce the noise before calculating any seismic attribute.
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Our observations warn of potential interpretation pitfalls in applying default attributes to
real seismic data, especially when using geometrical attributes and others that are windows
dependent. We offered a simplified workflow for geoscientists to understand and address these

concerns depending on their available data.

The importance of using synthetic data to reduce uncertainty is proved. This data allows
essaying multiple scenarios to provide tools that serve geoscientists that face different kinds of
datasets around the world and help reduce uncertainty by applying best practices in seismic

interpretation, especially in channel deposit settings.

Best practices in interpretation should be documented more often to better address

uncertainty and optimize reservoir characterization.

Data Availability

Dataset presented at this article can be found at
https://data.nzpam.govt.nz/GOLD/system/mainframe.asp, an open-source online data repository
hosted at New Zealand and Petroleum Minerals. Synthetic data and model need to be requested

to authors.
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Figure 1: Stratigraphic hierarchy: from a single element to complex sets. A vertical slice within
the Pipeline 3D dataset offshore New Zealand shows the seismic appearance of different
architectural hierarchies in deepwater channels, with corresponding cartoons below. The smallest
architecture (4™ ©© 5t order) is the channel element (box 1 in green). The second hierarchy (6%
order) occurs when the channel elements stack together, forming a channel complex (box 2 in
blue). The higher-order hierarchy (7 order and higher) occurs with the amalgamation of channel
complexes, developing a channel complex set (box 3 in magenta). The color legend indicates the
distinct facies that commonly occur within each element of each architecture. Measuring the sizes
of each architectural element indicated on the right as well as their hierarchy, provides key insight
into the underlying depositional processes as well as a prediction of the more common lithologies.
Hierarchies mentioned follow Pickering and Cantalejo (2015) classification.

Figure 2. A visual guide showing the steps to convert outcrop measurements to a synthetic model.
(A) Location and exposure of the outcropping deepwater channels at Laguna Figueroa. Paleoflow
is from North to South (obliquely and to the right into the outcrop at this location) (B) Conceptual
diagram of the Upper and Lower Figueroa outcrops showing channel elements, complexes and
complex sets. The red line indicates the outcrop profile. Left of the line is into the outcrop face,
and the right has been eroded away. (C) geocellular model using the constraints from (B)
augmented by facies and corresponding rock properties, including acoustic impedances from
Shallow Offshore West African modeled rock properties (Stright et al., 2014). (D) The Ormsby
wavelet and a representative vertical slice through the 3D synthetic seismic data volume generated
from the model shown in (C). Courtesy of Teresa Langenkamp and Lisa Stright.

Figure 3. Explanation of stratigraphic event mixing or vertical smearing of stratigraphic features.
(A) Vertical resolution of channel elements related to different peak frequencies (modified after
Nielson, 2011). (B) Vertical slice through the 3D Pipeline 3D offshore New Zealand seismic
survey showing a channel complex and a Horizon used for interpretation at different stratigraphic
levels indicated by yellow arrows. The dominant frequency at this level is 40 Hz giving a dominant
period of 25 ms. (C) Stratal slices at approximately 25 ms intervals through the coherence volume
computed using a £20 ms analysis window show “stratigraphic” mixing by the seismic wavelet.

Note that the relatively straight channel form at 2050 ms can be seen at 2080 ms and other
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stratigraphic levels (1,2,3 from deeper to shallower) where other channel forms (green arrow)
appear causing interference. The cause of this mixing could be 1) mixing of reflectivity by the
25ms dominant period seismic wavelet, 2) mixing of discontinuities through the 40 ms coherence
computation, 3) shifting of the basal channel element thalweg due to compensational style as you
move up or 4) differential compaction over deeper discontinuities between the floodplain and the
channel element fill.

Figure 4. Workflow of the study. Four different parameters were evaluated in the sensitivity
analysis: 1) the effect of frequency content, 2) the impact on the choice of the seismic attribute, 3)
the analysis window effect, and 4) the sensitivity to band-limited random noise addition. The best
cases were selected to be shown in each case, and analysis was performed by comparing them with
the original 3D geological model derived from the Laguna Figueroa Deepwater outcrop. This
resulted in 4 cases for analysis, ultimately leading to a workflow and documentation of best
practices in channel architecture interpretation.

Figure 5. A representative analysis window used in attribute calculations. Signals are sampled at
discrete points, not continuous recordings. Therefore, each seismic trace will contain as many
samples as the sample rate allows. For the example shown, if we consider the dominant period
(distance between two peaks), our analysis window will contain 20 samples, equivalent to ~ 20
msec. Other examples of analysis windows are depicted, including the smallest possible equivalent
to the sample increment, in this case, 1 msec.

Figure 6. A representative vertical slice (224) and time slices at =-191ms) through the (A) 3D
model that shows (B) 15 Hz data, (C) 60 Hz data, (D) 90 Hz data, and (E) 180 Hz data. Notice the
improvement in the channel architecture's detail with the increase in the dominant frequency and
corresponding spectral bandwidth, being able to interpret complexes from figure B on.

Figure 7. Results on the attribute sensitivity analysis to thickness and extent of architectural
elements using a default analysis window. We present results on the 30 Hz dataset, analogous to
vintage seismic data (to the left), and the 60Hz dataset, representing modern seismic data (to the
right). Each attribute is presented for both frequencies in a representative inline (224) and time
slices (-280 ms and —191ms) as follows: (A) RMS (Root Mean Square) amplitude for 30 Hz (B)
coherence (Sobel filter) for 30Hz, (C) Instantaneous frequency for 30 Hz, (D) RMS amplitude for
60 Hz (E) coherence (Sobel filter) for 60Hz, (F) Instantaneous frequency for 60 Hz.
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Figure 8. RMS amplitude sensitivity analysis to evaluate the effect of the window size W on the
vertical smearing of the different channel elements in the model. (A) 15 Hz with W=2ms (B)50 Hz
with W=50ms (C) 30Hz with W=2ms (D) 50 Hz with W=50ms (E) 180 Hz with W=2 ms (F) 180
Hz with W=50 ms. High-frequency data with a small analysis window provides the most suitable
representation of the true model. In RMS amplitude, the most accurate facies depiction is given by
high frequencies and small window combination, imaging channel element base, and inner and

outer levee facies.

Figure 9. Sobel filter coherence attribute sensitivity analysis to evaluate the effect of the window
size W on the vertical smearing and displacement of the different architectural elements in the
model. (A) 15 Hz with W=2ms (B)30 Hz with W=2ms (C) 60Hz with W=2ms (D) 60 Hz with
W=50ms. Notice how at a higher dominant frequency (60Hz) and smaller window of analysis,
there is better detection of the channel element edges and channel element fill. In contrast, at lower
frequencies and or larger windows of analysis, there is interference from deeper channel elements,
as in the case presented on Figure 3.
Figure 10. Sensitivity analysis of the effect of random noise in channel architecture interpretation.
Results shown refer to the 60 Hz dominant frequency seismic volume (which would be analog to
real datasets). (A) 5% band-limited random noise added evaluated in RMS, Coherence, and
Instantaneous frequency attributes. Interpretation of prominent features like channel complexes is
only possible. (B) 5% band-limited random noise added applied to RMS, coherence, and
instantaneous frequency attributes. Notice how the increase in noise is detrimental in the channel
architecture interpretation, especially when using coherence. This may be due to the sensitivity
that small windows have on high noise content.
Figure 11. Generalized workflow for a geoscientist to avoid pitfalls in interpretation by getting
optimized results according to their dataset.
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APPENDIX

Dominant Low-cut Low-Pass High-Pass High-cut
Frequency Length Sample Frequency Frequency Frequency Frequency
(Hz) (ms) rate (ms) (Hz) (Hz) (Hz) (Hz)

15 200 1 1 3 23 35

30 200 1 2 6 45 70

60 100 1 4 12 90 140

90 100 1 6 18 135 210

180 26 1 10 30 225 350
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