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Introduction

Direct study of drilling data such as core analysis is
very expensive. Therefore, experts try to identify the
characteristics of oil reservoirs using cheaper and
faster methods. The use of well log data and its analysis
with new computer processing techniques based on
mathematical algorithms is one of those methods.
One of the new methods of data processing is wavelet
analysis. Wavelet analysis is a method that is highly
sensitive to sudden changes [1,2.3]. Accordingly, it
can be used to identify and determine the sequence
boundaries, which are usually of the disconformity
type. Petroleum geologists use electrical diagrams,
especially gamma logs, to separate reservoir zones
and correlation between different wells in a field, as
well as in sequence stratigraphy analysis to identify
stratal surfaces.  The gamma electric log can be
thought of as a composite wave consisting of a large
number of wavelets. These waves are, in fact, the
effects of the Milankovich cycles, which, along with
a series of disturbing waves, form electrical logs. To
study cyclostratigraphy, this composite wave must
be decomposed into its constituent components, for
which Cyclolog software is used [4].

Although the gamma log shows important stratal

surfaces, it does not show the levels of smaller and
parasequences and does not specify minor changes.
Using the gamma log and analyzing it, the Cyclolog
software produces a diagram called INPEFA, in which
the stratal surfaces are completely separated and
easy to identify, as well as the level of correlation.
INPEFA! curve (Integrated Error Prediction Analysis
Filter Curve) is a unique method for identifying stratal
surfaces [5,6].

Materials and Methods

Wavelet transform is a signal processing tool that
converts a signal to different form. Such a conversion
can reveal the hidden information in signal which can
in turn be used in geological interpretations. The signal
in this case study is a set of well logging data including
gamma ray and porosity logs including neutron and
sonic logs measured at drilling wells [7].

Wavelet Analysis

MATLAB software has been used for spectral analysis
of petrophysical logs in the studied wells. For this
purpose, one-dimensional wavelet transform method

1. Integrated Prediction Error Filter Analysis



(Wavelet 1-D) was used in MATLAB software. one-
dimensional wavelet transform is in two forms:
discrete time wavelet transform in one dimension
(discrete Wavelet 1-D) and continuous time wavelet
transform in one dimension (Continuous Wavelet
1-D). The desired logs in each well were analyzed by
both wavelet transform methods (discrete DWT and
continuous CWT) [8].

Continuous Wavelet transform (CWT)
Wavelet transform is the multiplication of the digital
value of the signal by the digital value of the wavelet
on the scales and its displacement over the entire time
interval of the signal. This process creates the wavelet
correlation coefficient, which is the equation of scale
and location. Correlation coefficient is a coefficient that
indicates the similarity of the signal to the wavelet, and
it is often indicated by “C”. The greater the similarity
of the signal to the wave, the larger this coefficient. To
obtain this coefficient, the digitized value of the signal
is multiplied by the wavelet digitized value and all
values are added together. Mathematically speaking,
if the signal is denoted by f (t) and the wavelet is
denoted by  (t), the value of C is obtained from the
following equation [9].

_T 1 y.2=58 1
Cla. B.f(2).w(1)) _;[,ﬂrj'ﬁlp*k ~ ]a’x ©)
where a is the scale parameter (o >0), {3 is the position
parameter, signal f (t) and analytical wavelet y (t).
The result of wavelet transform is a graph in three
dimensions of time “f”, scale “S” and correlation
coefficient “C”, which is called scalogram.

Discrete Wavelet Transform (DWT)

Discrete Wavelet Transform (DWT) implements
the wavelet transform by using a discrete set of the
wavelet scales and translations following some
defined rules. Such a transform decomposes the signal
into set of mutually orthogonal wavelets, which is the
main difference from the CWT. The main advantage
of decomposition is its ability of deconstructing
complex signals into basis signals of finite bandwidth,
and then reconstructing them again with very little
loss of information. Also, decomposition can be used
for denoising of the signal. Using wavelet, we can
suppress noise which are out of frequency band of the
signal [7].

w(n)=3 " _ aw (s -K) 2)
where S is a scale factor (usually taken as 2). Usually,
only few of the coefficients a-k are nonzero which
simplifies the calculations.

Determining Sequences using Cyclolog Software

Available log data in LAS format were entered into
Cyclolog software and a unique INPEFA curve was
output for each log and the maximum flooding surface
of MFS and SB sequence boundaries with negative
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turning points (NBS) and positive turning points
(PBS) of INPEFA curve, respectively, was determined.
In addition, the highstand system tract (HST) was
identified by the negative trend of the INPEFA
curve and the transgressive system tract (TST) was
determined by the positive trend of this curve (Figure

).
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Fig. 1 Plotted INPEFA curve for log gamma, and positive
and negative trends and positive and negative turning points.

Results and Discussion

As can be seen, for all wells, a CWT correlation
coefficient has been designed according to the
formulas that have been expressed. It is characterized
by gamma, sonic and neutron logs and can be seen
well and with good resolution with a suitable color
spectrum. The CWT continuous wavelet transform
method was used to analyze gamma and porosity logs
into a set of wavelet coefficients at different scales.
After drawing the signal log and CWT and gamma
log, as shown in the picture, in places where there is a
signal peak, it goes to CWT in dark gray, and in places
where the signal peak decreases, CWT also tends to
light gray. At present, it can be stated that there is a
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good and clear relationship between the CWT diagram
and the signal, which becomes darker or lighter with
the increase of the signal peak.

As can be seen, the DWT diagram with the db-5
wavelet from the analysis of well logs is divided into
five categories and is formed. In this figure, the red
diagram shows the s signal, the blue diagram shows
the fifth approximation diagram as and 5 The other
green diagrams (di, d2, ds, ds, ds) show all the detail
diagrams. From the sum of all the detail diagrams and
their sum with the fifth approximation diagram as the
gamma log will be reconstructed. As can be seen, all or
at least most of the weak peaks and weak oscillations of
the gamma log are fully amplified and can be analyzed
by the DWT diagram. This amplification of the weak
peaks or the weak oscillations of the gamma log can be
seen in all wells is.

Conclusions

For each of the wells, their CWT and DWT levels have
been plotted next to each other. Due to the presence of
acoustic well, neutron and gamma well logs, four third-
order sequences have been identified in them, which
usually have porous environments at the sequence
boundaries. The amount of neutron and sonic logs in
them is also high and the amount of gamma logs is
low and the density is low (porosity zone of low clay).
In this study, the sequence boundaries correspond to
the apex of the porous zone, which is characterized by
light colors on the scalogram.

On the other hand, in these 4 sequences, we have MFS,
which MFS regions themselves have a high gamma
log content, indicating that there is radioactivity in
these regions, and these regions have a high uranium
content, which in turn indicates organic-rich shale
layers.

However, the presence of CWT continuous wavelet
transform itself is very useful and effective in
detecting the maximum flooding surface of MFS,
which can be detected by matching the existing signal
diagram with MFS as well as SB sequence boundary.
Also, the maximum flooding surface of MFS can
be distinguished from the relationship between the
maximum and minimum signal diagrams in DWT
discrete wavelet transform. When you have 5 partial
diagrams and one diagram as from which you can
reconstruct the gamma log and compare them, in
diagram as at the border of the sequences, as you can
see, we had a high neutron content, which can be due
to the type of lithology in Dalan and Kangan area.
Now, as stated, we can see that by obtaining the rate of
CWT continuous wavelet transform and comparing it
with DWT discrete wavelet transform along with well
logs, we can identify and express the sequences well
and completely.

Ultimately, the continuous wavelet transform of
gamma logs, neutrons and sonice logs is known to

be successful in highlighting the maximum flooding
surface. The low-scale CWT coefficients (toward
1) correspond to the micro-scale properties of the
signal vector. High-scale values (towards 64) pull the
wavelet, and they have a better relationship with the
lower frequency content of the signal. Large-scale
CWT coefficients show large-scale characteristics in
the input signal from the well log. Using DWT, the
maximum flooding surface of both high frequency
and low frequency content of signals is successfully
identified (Figure 2).
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Fig. 2 The results of applying DWT on GR,NPHI and DT
logs along with lithology and fluids column for the Dalan
and Kangan formations.

Nomenclatures

DWT: Discrete Wavelet Transform
HST: Highstand System Tract
MFS: Maximum flooding surface
NBS: Negative turning points
PBS: Positive turning points

SB: Sequence boundaries

TST: Transgressive system tract
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