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Abstract: Revealing the faults, one of the essential steps in seismic interpretation, provides valuable
information for modeling static and dynamic characteristics of hydrocarbon reservoirs. Several methods
developed for automatic fault and fracture detection, which seismic attributes integrated with artificial
neural networks, and fuzzy systems are the most common ones. In this study, a 3D seismic data set of the
F3 Block, offshore Netherland, was utilized for enhanced fault detection using an artificial neural network
and unconventional seismic attributes integration. A steering cube was computed using a phase-based dip
calculation technique to enhance seismic attributes’ accuracy and target detection capability. The fault
enhancement filter, as a combination of the diffusion and median filters, and conventional attributes are
modified and redefined along with the dip and azimuth information. A supervised, fully connected multi-
layer perceptron neural network was constructed to integrate the previous traditional seismic attributes
with optimum parameters to generate a fault probability cube. For an improved interpretation, the fault
probability cube is then treated through the unconventional seismic attributes. Finally, the end product is
subjected to the voxel connectivity filter to visualize the detected faults’ three-dimensional nature. Our
proposed workflow results were superposed with the ones derived from the color-based inversion cube as
an accurate inversion method. The proposed automatic fault extraction workflow can yield considerable
savings in time and result in a highly detailed mapping of discontinuities.

Keywords: Faults, 3D seismic data, Conventional seismic attributes, Supervised neural network,
Unconventional seismic attributes.

INTRODUCTION

Seismic images contain a large number of facts about subsurface geology. Accurate identification of
subsurface anomalies such as faults, channels, and other discontinuities is an essential step in geoscience
studies. Faults are discontinuities in any rock unit, across which there has been an indicative expulsion
as a result of rock-mass movement. Many kinds of research [1-3] point out that an accurate image of the
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subsurface fault geometries, as major migration pathways, plays a critical role in the borehole trajectory
design, production and injection strategy optimization, and reservoir management [4]. With the continuous
advancement of the new technology, a convinced recognition of fault patterns could dramatically enhance
the exactness and efficiency of interpretations. Seismic attributes are seismic data factors, providing
quantitative measurements of amplitude, phase, frequency, continuity, and morphology that can be used to
discriminate geological patterns in the seismic data [5]. Numerous attributes have been introduced during
the advent of 3D seismology for facilitating fault and fracture detection [6-9]. Since each seismic attribute
measures different quantities simultaneously and highlights all samples with similar responses, integrating
them based on an artificial neural network can provide a single object-sensitive attribute cube less affected
by artifacts and other noises [6]. A fully connected multi-layer perceptron neural network with supervised
training was used to integrate the most sensitive edge detection attributes in this study. Then the probability
cube is treated to the unconventional seismic attributes for enhanced fault detection.

THEORY

1-Multi-layer perceptron neural network

An artificial neural network’s basic fundamental is to feed a weighted sum of inputs into a nonlinear
activation function to obtain an optimum response. The mathematical expression of this process, in multi-
layer perceptron neural networks (MLPs), is defined as a sigmoid activation function, 4, applied to a
weighting function, W, as follows [10]:

w (Y):ZWiYi’ (1)

AW)=—2 @)
1+exp(-W)

where:

y and w: are the input and the weighting vectors, respectively.

A:1s a continuous, monotonically increasing, differentiable, and bounded binary activation function that
estimates the output in zeros and ones [10].

MLPs are trained on arepresentative data set in supervised learning using input patterns and corresponding
output ones. The back-propagation algorithm attempts to minimize the error between the predicted output
and the known output by adjusting the connections’ weights.

2-Fault hikelihood attribute

Fault likelihood is a new revolutionary attribute used for enhanced fault delineation. Estimating reflection
slopes from the structure tensors is an essential alignment required for fault likelihood calculation. With
estimating reflection slopes, structure-oriented semblance is defined as equation 3. An additional smoothing
is then applied to attenuate background noise and sharpen faults and fractures as equation 4. The attribute
is defined as equation (5) to increase the contrast between samples with low and high fault likelihoods [9].

. 2
Semblance = %, 3)
2
(image?),
. 2
Semblance = % , 4)
<<1mage >s>f
f =1-Semblance” 5)

where, for each semblance value:

()¢ and (), : denote a structure-oriented averaging and a fault-oriented averaging of image sample
values, respectively.

The choice of power is somewhat arbitrary controls the contrast between samples with low and high
fault likelihoods. In this algorithm, each sample point is scanned for a given range of positive and negative

Voo 3ol O ol (uid 0398 2 Yy



Journal of Mineral Resources Engineering (JMRE)

dips. Further filtering is performed to highlight only the local maxima within the fault likelihood volume to
achieve a sharper fault plane. Fault likelihood has a value range from zero to one.

METHODOLOGY

The studied area is the F3 Block, offshore Netherland. A small sub-volume of the seismic data with an
inline range of 100-400, a crossline range of 650-1250, and a time range of 200-1800 ms that contains the
desired tectonic events was chosen. The time and the trace intervals are 4 ms and 25 m, respectively. A
steering cube was computed using the phase-based dip calculation technique to enhance seismic attributes’
fidelity and target detection ability. The steering cube, which contains dip and azimuth information of
each sample point, is utilized to qualify and purify seismic attributes along with the dip and azimuth
data. It has further efforts in designing dip-steered filters usable for data enhancement. The designed fault
enhancement filter attenuated residual random noise, enhanced spatially continuous seismic events, and
sharpened the discontinuities. Figure 1 represents a vertical cross-section of the seismic data before and after
preconditioning. The prepared dip-steered fault enhancement filtered data are considered to extract several
edge detection attributes, such as similarity, curvature, polar dip, and coherence with optimum parameters.
In the next step, two pick-sets indicating fault and non-fault zones are selected. A supervised, fully connected
multi-layer perceptron neural network was then constructed to integrate the generated seismic attributes to
provide a single object-sensitive attribute cube less affected by artifacts and other noise. Throughout the
training phase, the difference between the prediction and the actual output was evaluated, and the weights
associated with all interlinked neurons changed to outfit the best possible feedback. 70% of picked points
acted as training, and the remaining 30% played as testing. The training process is kept on until the error
on misclassification of the test data alters to a constant minimum. For an improved interpretation, the fault
probability cube, Figure 2-A, is then treated through the fault likelihood attribute. Figure 2-B depicts the
fault likelihood attribute cube at the intersection of inline 250 and horizon FS4.

PN p— = — :
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Time (as) 650 750 1050 1150 1250 imems

Figure 1. A: Original seismic data at inline 250, B: Fault enhancement filter at inline 250 (The fault plane is
sharpened, and non-structural discontinuities are suppressed in the dip-steered fault enhancement filter.)
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Figure 2. A: Fault probability cube, B: fault likelihood attribute cube at the intersection of inline 250 and FS4 horizon
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Finally, the end product is subjected to the voxel connectivity filter to visualize the studied faults’ three-
dimensional nature. The final 3D view of the extracted fault illustrated in Figure 3. In Figure 4, the result of
the fault likelihood cube is compared with the color-based inversion cube as an accurate inversion method.
The coincidence of the faults detected using the proposed workflow and the ones illustrated in the colored
inversion cube is visible.
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Figure 3. The extracted fault surface in 3D view at the intersection of inline 250 and FS4

A 2
W *
High value
300
g
i Fault
likelihood
200
100 ) ¢ A Y Low value
650 750 830 950 1050 1150 1230

Acoustic
impedance
| 2 L) ) e\ | Low value
650 750 850 950 1030 1150 1250
Crosslines

Figure 4. The extracted fault at horizon FS4 of A: the proposed workflow, B: the acoustic impedance
derived from the colored inversion method

CONCLUSIONS

The fault probability cube derived from a multi-layer perceptron neural network could highlight the
studied faults more continuous and tone down the background noise by clustering attributes responses.
Processing and analyzing seismic attributes and fault probability cube using unconventional attributes,
especially fault likelihood, provide more information useful for structural interpretation, appropriate for
borehole path design, and potential sweet spot identification. The results of our fault detection workflow
coincide with the ones of the colored inversion method. Automatic extraction of fault patches from the fault
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likelihood attribute cube provided considerable savings in time together with a highly detailed mapping of
discontinuities.
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