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Summary

Upper Assam Basin, situated in north-east part of
India is a proven sedimentary basin and several
hydrocarbon fields are discovered historically in this
region. The study area is in central basement high of
the basin over a producing hydrocarbon field (Figure-
01). This field was discovered during 1990s and
Oligocene formation is the main producer along with
Eocene formation. Presently, major contribution of
hydrocarbon production of Upper Assam Basin
comes from this field, however, in recent years;
water-cut has been reported to increase. Since water-
cut in this field is increasing significantly, a re-
development or re-assessment of the development
plan is found to be worthy at this juncture. The re-
assessment of the development plan requires detailed
understanding of distribution of pay sands and
reservoir characteristics.
In order to understand the reservoir characteristic,
extension and distribution of pay sands, knowledge
of elastic attributes and petrophysical properties plays
a vital role. Seismic inversion is a potent technique
that aims to extract the elastic attributes from seismic
data. The inverted elastic attributes, on incorporation
with the well-logs, give quantitative estimation of the
petrophysical properties The estimated petrophysical
properties not only adds value during volumetric
calculations but also for updation of reservoir model
and minimizes the risk of drilling dry wells.

In the present study, pre-stack simultaneous inversion
is performed using 3D seismic data to derive elastic
attributes viz. acoustic-impedance (ZP), Shear-
impedance (ZS), ratio of compressional & shear
velocities (VP/VS) and density volumes utilizing the
amplitude-vs.-offset (AVO) characteristics of seismic
data. The derived elastic attributes are further used
for estimation of key petrophysical properties viz.
shale-volume (VCLAY), porosity (φEFF) and
hydrocarbon-saturation (SHC) using the multi-
attribute-analysis method.

Figure-01: Location Map of the Study area

Pre-Stack Simultaneous Inversion

In model based simultaneous-inversion, we start with
a prior model of ZP, ZS & density. Based on model,
reflectivity is calculated using the Aki- Richards
equation (Fatti’s version). This reflectivity, on
convolution with the extracted wavelet gives the
synthetic seismic, which is compared with the
observed seismic. Model-based inversion uses a
generalized linear inversion algorithm which assumes
that seismic trace (S) and wavelet (W) are known and
attempts to modify the initial model until the
resulting synthetic matches the seismic trace. The
model which gives synthetic seismic very close to
observed seismic becomes the inversion-solution.

Data Preparation & Conditioning

The study area is covered with a 36 fold 3D seismic
data, which was acquired with aspect ratio of 0.39,
bin size of 25m x 50m and contains 3600 m
maximum inline offset. This dataset was processed
preserving the seismic amplitudes, and the dataset is
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found to be amenable for inversion study. The
amplitude preserved pre-stack migrated gathers are
further conditioned for residual noise suppression
along with residual flattening of gathers (to remove
the effect of residual move-outs). The conditioned
offset gathers are converted in angle gathers using the
seismic velocity. It is observed that angle gathers in
the incident angle range of 20-370 are relatively noise
free and flat. A set of 3 partial stacks for near (20-
140), mid (140-250) & far (250-370) incident angles
are generated from angle gathers.

For model-based pre-stack simultaneous inversion,
full wave sonic (compressional & shear) and density
logs are required essentially. In the study area, a total
of 13 wells are found to be having recorded full wave
sonic and density logs (Figure-02). In general, the
quality of logs is good in most of the wells; however,
in order to remove large spikes, a mild median filter
is applied on logs.

Figure-02: Basemap of the Study Area with overlay
of Interpretated Oligococene Horizon

Rock Physics Analysis & Feasibility Study

During feasibility study, well-log derived attributes
are analyzed to assess the sensitivity of elastic
attributes to changes in lithology and fluid content.
Cross-Plot of elastic attributes (log derived) is a
potential technique to understand their sensitivity to
changes in lithology and fluid content. The cross-plot
between ZP & VP/VS indicates that three facies viz.
shale, brine-sand & hydrocarbon-sand are separable
in this cross plot space (Figure-03).

Figure-03: Cross Plot of P-Impedance & VP/VS, with
resistivity as colour key.

Well-to-Seismic Tie and Wavelet Extraction

Well-seismic tie allows well data (measured in units
of depth) to be correlated with seismic data
(measured in units of time). First, a zero phase
statistical wavelet is extracted from seismic data (for
Oligocene formation) using 128 msec wavelet length
& 25 ms taper length. Initial T-D relationship for all
13 wells is established using this statistical wavelet.
After establishment of initial T-D relationship at each
well, deterministic wavelet is extracted. During pre-
stack simultaneous inversion, angle dependent
wavelet is required for individual partial angle stacks
(i.e. near, mid & far). Here, a group of 3 deterministic
wavelet for near (20-140), mid (140-250) & far (250-
370) angle stacks is extracted using multi-well
approach (using dataset at all wells). The multi-well
deterministic wavelet for near, mid & far stacks are
shown in Figure-04. The finalized T-D plot for well-
02 is shown in the Figure-05.

Low Frequency Model (Prior Model) Building

Low frequency model (or prior model) is essentially
required in model based inversion, to constrain the
inversion results. Low frequency model for ZP, ZS

and density is built using relevant logs of wells and
interpretated seismic horizons. The model values are
extrapolated (above and below logs) using average
trends of logs and lateral interpolation between the
wells is done by inverse distance method, guided by
seismic horizons. Model is smoothed to preserve low
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frequencies characteristic by applying a high cut filter
(corner frequencies 10 Hz, 15 Hz). The initial model
represents the trend of regional geology of the area,
and inversion process is constrained by this low
frequency model. A cross section of model (ZP & ZS)
across well-12 is shown in the Figure-06.

Figure-04: Multi-well deterministic wavelet for near,
mid & far angle stacks.

Figure-05: Well-seismic tie at well-02.

Figure 6: A cross Section of low-frequency model
passing through well-12.

Inversion Parameterization & QC

During pre-stack simultaneous inversion, the main
parameterization includes determination of
relationship between ZP-ZS & ZP-density which
derives regression & covariance coefficients and
defines the deviations from the modeled background
trend. The log derived ZP, ZS and density (log
derived) is plotted in logarithmic scale and regression
& covariance coefficients are derived by fitting the
curve by least square approach (Figure-07).
Background γ (VS/VP) is optimized by analyzing the
cumulative error in inverted & log attributes at all the
well locations. It is observed that, the value of
background γ as 0.4 provides the optimum results.

Inversion QC is done after performing inversion at
the well locations, and inversion-parameters are
optimized in iterative manner. During process of
inversion QC, the inverted elastic attributes are
compared with the measured attributes (well logs) at
the well locations (Figure-08). It is observed that
measured & inverted ZP, ZS & density follow a good
linear trend and it ensures the integrity of inverted
elastic attributes. Inverted & measured ZP, ZS &
density are compared at each well location
individually (Figure 09), and it is observed that
inversion quality is acceptable.

After finalization of inversion parameterization and
detailed QC of the inversion results, pre-stack
simultaneous seismic inversion is performed over
entire volume. A cross-section of inverted attributes
passing through wells is shown in the Figure-10.

Figure-07: Cross-plot of log derived elastic attributes
for regression coefficients & co-variances.
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Figure-08: Cross-Plot between inverted & measured
properties (at all 13 wells).

Figure-09: Inverted & measured ZP, ZS, density &
VP/VS at well-09.

Estimation of Reservoir Properties (Multi
Attribute Analysis Approach)

Multi-attribute-analysis is a potent technique for
estimation of petrophysical properties by using
petrophysical logs & inverted elastic properties.
During multi-attribute analysis, a no. of internal
attributes (viz. amplitude, phase, frequency and time
along with their derivatives) are calculated at well
locations from extracted traces of seismic and elastic
attributes. These internal attributes and their
combinations are correlated with the target properties
individually, and in combination.

Figure-10: A cross-section of inverted properties is
passing through the wells.

A set of internal attributes along with their weights
are determined by multi-linear-regression-approach,
which best represents the target property. Further,
using neural-network approach, a multi-dimensional
relationship is build between inverted attributes &
target property. Finally, this relationship is applied on
the entire dataset, which gives target property
volumes in absolute terms.

Input Data, Parameterization & QC

For estimation of target petrophysical properties
(VCLAY, porosity & saturation), seismic stack trace
and inverted elastic parameters at each well location
is extracted. A no. of internal attributes is calculated
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from seismic & elastic parameters. These internal
attributes are correlated with target property log
individually and in combination as well. It is
observed that a combination of 09 attributes (along
with their assigned weights) describes the VCLAY log
at all the wells optimally. Multi-linear-regression is
performed for other two target properties effective-
porosity & hydrocarbon saturation as well.

After finalization of internal attributes for individual
target properties; probabilistic-neural-network (PNN)
technique is applied to trained dataset for more
accurate prediction. First, PNN is trained by
predicting target logs using combination of attributes
derived from multi-linear-regression at the well
locations. The observed and modeled VCLAY is shown
in the Figure-11. It is observed that predicted VCLAY

is in concurrence with the log derived VCLAY, and the
average RMS error in the prediction of VCLAY is 0.12
(v/v). PNN based prediction is further extended for
other two reservoir properties i.e. effective-porosity
& hydrocarbon-saturation. It is observed that the
average RMS error in the prediction for effective
porosity & hydrocarbon saturation is 0.049 (v/v) &
0.142 (v/v) respectively, which is found to be
acceptable. The cross-plot between predicted & log
derived petrophysical properties at the well locations
are shown in the Figure-12, which shows a good
linear trend and it provides confidence in prediction
of petrophysical properties.

Figure-11: Observed & Modeled VCLAY at the well
locations.

Figure-12:  Cross-plot between predicted & log
derived petrophysical properties.

After finalization of parameterization, the multi-
dimensional relationship for individual properties i.e.
VCLAY, effective porosity & hydrocarbon-saturation
derived through probabilistic-neural-network are
applied on input seismic volumes. A cross section of
predicted volumes of passing through the wells is
shown in Figure-13.

Figure-13: Cross-section of predicted petrophysical
properties passing through the wells.
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Results and Discussions

In order to understand the extension & distribution of
sand along with its fluid content, horizon-consistent-
slices at Oligocene level are generated for VCLAY &
hydrocarbon-saturation volumes. The VCLAY slice
indicates presence of good reservoir quality sand
facies development with 70-80% sand volume. The
hydrocarbon-saturation in these sands varies from 50-
70% in these sands reservoirs (Figure-14).

Figure-14: Horizon-consistent-slices VCLAY &
hydrocarbon-saturation volumes at Oligocene level.

It is observed that estimated petrophysical properties
provides a better insight not only in terms of
understanding the reservoir extension & distribution
but also during reservoir quality assessment and
volumetric calculations of Oligocene reservoirs
across the field. Integration of these results with other
geo-scientific data/studies is expected to aid
enormous value in field development and reservoir
model update for in this producing field.
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