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ABSTRACT: The Bassein field located in Mumbai offshore of India produces gas from the Bassein Limestone Formation of
middle Eocene age. The 3D seismic data acquired over this field is conditioned properly through systematic experimentation for the
wavelet properties and is seismically inverted. Seismic inversion process produces high resolution layer framework in the form of
acoustic impedances which is mostly free from wavelet side lobe effects, noise and thin layer interference. The 3D impedance
volume generated from the zero-phased dataset has become a value addition to more accurately understand and bring out the
geological complexities as well as the reservoir boundaries. The present study is mainly related to the processing aspects of wavelet
processing and seismic inversion. Different wavelets extracted from the dataset in different time and space windows through
statistical procedures and as a combination of the well and seismic dataset are tested on the 3D volume.  The resultant 3D volumes
are analyzed systematically for improvements over one another.  The phase of the embedded wavelets is examined through
reflectors tracked to represent the top and bottom of a formation close to the reservoir.  The dataset conditioned with the wavelet
extracted as a combination of the well and the seismic data is passed on for the inversion stage. The resultant impedance volume is
analyzed at a macro level to bring out the benefits generated for detailed interpretation.

INTRODUCTION

Bassein field is located in the Heera-Panna-Bassein
tectonic block of Mumbai offshore basin. It is a doubly
plunging anticline structure with major gas production from
Bassein limestone with a maximum gas column thickness of
around 90 meters overlying an oil column of around 13 meters.
The Bassein structure is covered by 3D seismic data measuring
about 21000 lkms.  The present study comprises of special
processing to condition the post stack data through wavelet
processing and invert the same to obtain the impedance
volume.

Inversion of the seismic data can be defined as
mapping of the physical structure and properties of the earth’s
geologic bodies.  Primarily, the inversion methods attempt to
recover a broadband pseudo-acoustic impedance log(s) from
band limited seismic data.  Seismic inversion is a technique for
creating a model of the earth with the seismic data as the input
through inverse modeling.  Presence of coherent and random
noise makes the estimated reflectivity and impedance deviate
from the true values.  Therefore, seismic data input to inversion
should have good amplitude recovery, vertical and horizontal
resolution and noise elimination.  Besides this, knowledge of
the properties of the wavelet embedded in the seismic data is
an important requirement to infer the subsurface architecture
with accuracy, without which the geologic interpretation will
be indistinct and non-unique.   These requirements could be
met through wavelet processing which converts the data to
zero-phase and makes the peak-trough relationships of the
seismic wavelets uniform and constant irrespective of depth.
The phase corrected data becomes an ideal input for inversion
process.

GEOLOGY

The Deccan trap of Upper Cretaceous age is the
economic basement of Bassein field and rests unconformably
on the granitic basement of Archean age. The Panna  Formation
of Paleocene to early Eocene age is mainly basal clastics and
lies unconformably over the Deccan trap.

The Bassein Formation of middle Eocene age overlies
the Panna Formation with regional unconformity at the base.
This Formation is the main reservoir producing gas and
consists mainly of clean limestone deposited in stable shelf
conditions. A regional unconformity separates Bassein
Formation from the overlying Mukta Formation.  The base of
Mukta consists of shale followed by argillaceous limestone
of early Oligocene period. Heera Formation conformably
overlies the Mukta Formation and is marked by alternation of
limestone and shale.  Alibaug, Mumbai and Bandra Formations
respectively overlie the Heera Formation.

SPECIAL PROCESSING

Wavelet Processing

The seismic wavelet is the link between the seismic
data and the corresponding geology.  It is generally assumed
that the processed data contains a wavelet that is both
broadband and zero-phase in nature. However, the typical
wavelet in the fully processed seismic data is a mixed phase
wavelet.  Mixed phase wavelets are the most common wavelets
found in seismic data. These wavelets are the cause of the
mistie problems during interpretation between seismic and
synthetics and seismic of different vintages. These wavelets
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have a nonlinear phase spectrum, i.e., variable for all
frequencies.  With the mixed phase wavelets the peak–trough
relationships will change with depth resulting in non-linear
misties with zero phase synthetics.  The peak – trough
relationships with mixed phase wavelets change as a function
of earth attenuation, which will result in incorrect interpretation
of amplitude and attribute studies. Significant improvements
in the quality of seismic data will be obtained when the mixed
phase wavelet is converted to zero-phase through wavelet
processing. The seismic data that meets the zero-phase
assumption will improve the accuracy of the interpreted
subsurface geology and also provide correct input to
Inversion and other advanced seismic studies.  Seismic data
containing zero-phase wavelet has better overall reflector
continuity, fault definition and more easily identifiable
stratigraphic relationships.  In general the zero-phase wavelet
provides a much sharper image of the subsurface geology.

Mixed phase seismic data is converted to zero-phase
by extracting the embedded wavelet, designing a suitable filter
to convert this wavelet to zero-phase and applying this filter
on the entire data volume in seismic processing.  Wavelets
can be extracted from the seismic data alone or in combination
with the well data.  Wavelets change laterally and temporally
in a data set.  However, it is practical to extract an average
wavelet for the entire volume, instead of determining a large
set of wavelets.  Use of well log data in combination with
seismic data provides exact phase information at the well
location but it depends critically on a good tie between the
log and the seismic, that is, the time-depth information used
to convert the depth sampled log to two way travel time.

The present study brings out the differences in the
data processed from the wavelets obtained purely from the
seismic data and the wavelet obtained in combination with
the well log information. For the Bassein 3D volume, the
wavelets are extracted twice from seismic data and then a third
time in combination with well data (Figs 1, 2 and 3). The basic
intention is to derive the wavelet from a good and
representative part of the volume. At the same time it is
desirable not to narrow down the area so much that the average
wavelet derived is not representative of the data set. The first
wavelet is limited to the area of 3D field with uncomplicated
geology and good quality data.  To make the wavelet a better
representative of the large volume 3D, more data are considered
for the second wavelet.  The third wavelet is derived from
processed well logs after adjusting them for proper match
with the seismic.  Independent filters are generated for each of
the above three wavelets.  The resultant zero-phase wavelets

Figure 1: Average Wavelet-1 derived from the 3D volume

Figure 2:  Average Wavelet-2 derived from the 3D volume

and their amplitude and phase spectra are thoroughly
scrutinized.  These filters are applied to the 3D volume and
three volumes of zero-phased datasets are generated.  A
comparative study of these volumes is presented at a later
stage. Finally the zero-phased volume with well based wavelet
is selected for seismic inversion.

SEISMIC INVERSION

Post stack Seismic inversion is the process by which
we analyze the stacked seismic traces and attempt to
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reconstruct the velocity or impedance structure of the earth.
This provides information directly about the subsurface
lithology and its properties.  The Bassein 3D, zero-phased
data with the well derived wavelet is inverted to reflection
coefficients through the Constrained Impedance Inversion
process.  Constrained impedance inversion computes full band
reflectivity from band-limited reflectivity.  This process
computes the sparse spike reflectivity through a linear
programming approach, from stacked data which is
representative of the band limited reflectivity sequence.  The
algorithm allows a combined inversion incorporating
information contained in the stacked section and interval
velocities with the associated uncertainty bounds.  Thus, the
method computes the full band reflectivity from the band
limited seismic reflectivity and the corresponding low
frequency interval velocity information obtained from the well
log data.  Then the full band reflectivity functions are
converted into impedance curves and the 3D impedance
volume is finally generated.

ANALYSIS

Systematic analysis was made on the three volumes
of zero-phased data, wavelet processed with the filters
generated for the three different wavelets. This process
determined the appropriate and optimum 3D volume to pass
on to the seismic inversion stage. Comprehensive studies are
made on the original and the wavelet processed volumes in
vertical as well as horizontal sections to determine the benefits
derived through wavelet processing and also to determine
the best dataset (Figs 4, 5, 6 and 7).
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Figure 3:  Well log and Seismic data based Wavelet

Figure 4: Inline A from Original 3D volume

Figure 5:  Inline A wavelet processed with Wavelet-1

The wavelets extracted from only the seismic data do
have some positive effect and improve the data quality over
the original.  However, it is the wavelet extracted from a
combination of seismic and well data that gives the best result.
The fault definition and the overall reflection standout are
best in this section.  It could also be clearly observed that the
reflection quality has substantially improved in respect of
resolution and reflection strength at the level of the limestone
reservoir (1700-1900ms) and also at other places as indicated
by the arrows in the corresponding figure.
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Normal procedure while interpreting seismic data is
to pick the peak or trough as though it is the lithological
boundary and the formation top.  However the mixed phase
wavelet embedded in the data implies that the formation top
falls at or close to the positive or negative zero crossing.
When the embedded wavelet is converted to zero-phase, the
formation top can be said to be at the peak or trough.  This
also means that zero-phase conversion essentially implies a
time shift in the events.  This will however be non-linear and
depends on the requirement of each frequency component.

Seismic Inversion on 3D Data of Bassein Field, India

In the original Inline A the H3A and H3B markers are
correlated as positive and negative zero crossings respectively
(Figs 8, 9, 10, 11 and 12). These correlations are superimposed
on the zero-phased and the impedance sections.  There is
only a small shift towards the peak or trough   in the sections
processed  with  Wavelet 1 and Wavelet 2.  In the case of the
Well-wavelet processed zero-phased Inline, the horizons fall
at the peak and trough respectively, indicating the shift caused
by the zero-phase conversion process.  In the impedance
section, the formation corresponding to the horizons is well
discerned to be encased by these horizons.  The formation
boundaries can be confidently and precisely interpreted with

Figure 6:  Inline A wavelet processed with Wavelet-2

Figure 7:  Inline A wavelet processed with Well based wavelet

Figure 8:  Inline A from Original 3D volume

Figure 9:  Inline A processed with Wavelet-1
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these zero-phase and inversion datasets. A synthetic
seismogram is generated from the well data of well B-4 falling
on the Inline A (Fig. 13).  It shows a very good match at all
stratigraphic levels of the seismic section.

The time slices of the original, final zero-phased and
the impedance volumes are studied comprehensively to assess
the quality improvement at the zone of interest in the entire
area.  The time slice corresponding to the reservoir level at
1720ms from the original, zero-phased (well-wavelet) and the
impedance volumes is presented for comparison (Figs.14, 15,
and 16).  It can be seen from the figures that the reflection
strength, continuity and resolution of the seismic events in
the time slice from the wavelet processed data have remarkably
improved over the corresponding time slice of the original 3D
data. The fault definition in the wavelet processed time slice is
sharp and well defined as compared to the one from the original
data. The Impedance time slice shows the variations in
lithology across the field at 1720ms in a defined and
gradational manner which is a direct benefit derived by
conditioning the dataset through wavelet processing prior to
seismic inversion.  The inline and cross line sections (Figs.17
and 18) clearly show the lithological boundaries and the
heterogeneous character of the reservoir formation.  It is clearly
evident that the impedance volume will provide greater
insights into delineating the reservoir boundaries, lithological
variations and tracking of gas oil contact.

Figure 10: Inline A processed with Wavelet-2.

Figure 11:  Inline A processed with well based wavelet.

Figure 12:  Impedance section of Inline A Figure 13:  Synthetic seismogram from a well on Inline A
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Figure 14: Timeslice from original 3D volume.

Figure15: Timeslice from well-wavelet zero phase data.

Figure 16: Timeslice from Impedance volume

Figure 17:  Impedance section of Inline B
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impedance volume, is a value addition input to the
interpretation process for evaluating the reservoir properties
and characteristics with confidence.
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Figure 18:  Impedance section of Xline C

CONCLUSION

After systematic experimentation and analysis on the
data, the filter designed out of the wavelet from a combination
of well and seismic data is determined as the best for wavelet
processing over that derived from seismic data alone through
statistical methods.  The zero-phase 3D volume is found to be
extremely improved in terms of reflection continuity, fault
definition and over all signal strength particularly at the zone
of interest and is passed on as input for Seismic Inversion.
Formation boundaries can be confidently interpreted with the
zero-phase dataset.  The final product, which is the 3D


