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Summary

'As complexity increases precise statements lose meaning
and meaningful statements lose precision’…Lotfi Zadeh,
inventor of fuzzy logic.

Earth scientists are confronted with the need to deal with
many diverse data types which come from a wide variety of
sources having different scales, different degrees of
imprecision and uncertainty. To combat this problem, it is
usual to attempt to process the data to the point where
application of our precise algorithms can give a reasonable
answer. A second alternative would be to preferentially
employ methodologies that are tolerant to the imprecision
in the input data with it.

Soft computing offers an excellent opportunity to address
the following:

a) Integrating information from various sources
with varying degrees of uncertainty

b) Establishing relationships between measurements
and reservoir properties

c) Assigning risk factors or error bars to predictions.

Neural networks have been used extensively in the oil
industry. It serves as an integrator of the information. An
artificial network consists of a pool of simple processing
units, which communicate by sending signals to each other
over a large number of weighted connections. Each unit
performs a relatively simple job: receive input from
neighbors or external sources and use this to compute an
output signal, which is propagated to other units. Apart
from this processing, a second task is the adjustment of the
weights.

Non-parametric regression technique, such as ACE
(Alternating Conditional expectation) is also used in the
present study to estimate saturation in the reservoir from
other attributes. ACE does not requires a functional form to
be presumed a priori for the regression thus reducing the
problem to that of estimation of a set of parameters.

Introduction

The study area is from a producing field of Western
offshore Basin of India (Fig.1). Pay sands are too thin (2 to
6m mostly) to be resolved with available seismic peak
frequency. Both Oil and gas have been found in this area,
in Oligo-Miocene discrete sandstone reservoirs deposited in
deltaic (Tide dominated system) environment. Due
complex nature of reservoir sands, it is very difficult to
investigate them with any deterministic method from
seismic data. Soft computing and statistical approach has
been adopted to predict density and saturation map. Density
has been estimated first from other seismic attributes and
impedance data through multi-attribute regression and
probabilistic neural network applications. Better version of
this output was then subjected to Alternating Conditional
expectation (ACE) along with other attributes to generate
saturation map at reservoir level.

Fig.1 Base Map showing area of interest

Study Area
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Methodology:

These pay sands show low impedance contrast with
reference to enclosing shale and are not discernible on the
normal amplitude and P-impedance volumes. Thick, water
bearing sands, on the other hand show bright amplitude
anomalies. Due to the above factors, non-bright spot
seismic response of pay sands are only expected, if at all
perceptible seismically. AVO response of such thin & low
contrast gas pay sands is also too low relative to single
isolated interface response in Intercept-Gradient space
(Fig.2). P-impedance is not suitable for distinguishing pay
from non-pay. However density seems to be relatively
preferable petrophysical parameter for distinguishing
between pay sands and rest of the clastics as shown by
crossplotting of density and gamma ray logs (Fig.3). An
attempt was made to delineate pay sands in the area within
the clastic formation through prediction of density and gas
saturation from multiple seismic attribute though multi-
attribute linear regression, neural network based prediction
and Alternating conditional expectance (ACE) approach.

Fig.2 Amplitude variation with angle for gas sand top

Traditional methods are computationally formidable and
have consistently failed to interpret this sort of data in an
autonomous manner. Therefore, there is a need for
application of the state of art data analysis methods based
on Probabilistic, Fuzzy and multidimensional geometry in
this field.
The aim of the study is to use effective data-driven methods
to combine and infer as far as possible complete description
of reservoir characteristics. Unfortunately, only linear and
simple nonlinear information can be extracted from these
data by standard statistical methods. As an alternative,
neural networks and fuzzy logic have the potential to
establish a model from nonlinear, complex, and multi-
dimensional data and find wide application in analyzing
experimental, industrial, and field data.
In the neural network, the neurons or the processing units
may have several input paths corresponding to the
dendrites. The units combine usually by a simple
summation, that is, the weighted values of these paths (Fig.
4). The weighted value is passed to the neuron, where it is
modified by threshold function such as sigmoid function.
The modified value is directly presented to the next neuron.

Blue color Log = Gamma Ray Log
Green color Log = Density Log
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In the present case the density has been estimated from
other seismic attributes and impedance data through multi-
attribute regression and probabilistic neural network
applications. Better version of this output then has been
subjected to a technique called Alternating Conditional
expectation (ACE).

In general, regression problem involves a set of predictor
and a random variable    called response variable. We try to
explain the effect of one or more independent variables
(predictors or covariates) on a dependent variable
(response).The aim of regression analysis is to estimate the
conditional expectation E(Y|X1,X2,……). Conventional
multiple regressions requires a functional form to be
presumed a priori for the regression thus reducing the
problem to that of estimation of a set of parameters.
Success of this approach lies in the appropriateness of the
assumed model. Unfortunately traditional multiple
regression techniques are limited in this respect since they
usually require a priori assumptions about the functional
forms that relate the response and predictor variables.
When the relationship between the response and the
predictor variable is unknown or inexact, which is
frequently the case for reservoir rocks and petrophysical
properties, parametric regression can yield erroneous and
misleading results. Non-parametric regression technique,
such as ACE (Alternating Conditional expectation) can
provide more suitable approach in such situation.

Here, we used the ACE algorithm developed by Breiman
and Friedman (1985) for estimating optimal
transformations for both response and independent
variables in regression and correlation analysis. The power
of the ACE approach lies in its ability to recover the
functional forms of variables and to uncover complicated
relationships. The non-parametric transformation technique
generates regression relation in a flexible data defined
manner and in doing so let the data suggest the
functionalities.

The non-parametric approach adopted by GRACE
program, as used here, generates a transformed value
corresponding to each data point for the dependent and
independent variables.  However, it does not give a
functional form for these transformations.  In order to
generate a functional form for the final correlation, one
must fit these transformations using appropriate functions.
Simple polynomials are generally good enough to fit these
transformations.  This is accomplished using the EXCEL
macro.

In seismic reservoir characterization, it is important to
formulate how 3-D seismic information (attributes) is
related to reservoir parameters, lithology and geology as
well as well logs (e.g. porosity, density, etc.). 3-D seismic
data is transformed to reconstruct the 3-D volume of
relevant reservoir information away from the wellbore.
Workflow adopted for this study is presented in Fig5. To
start with, five attribute viz. P-impedance, Band pass
filtered data, dominant frequency, instantaneous. amplitude
and amplitude derivative have been used as input to neural
network to predict density volume after extensive training
and validation at the well locations (Fig.6 ). In the present
case the density has been estimated through multi-attribute
regression and probabilistic neural network applications.
Better version of this output then has been subjected to
Alternating Conditional expectation (ACE). Zone of
interest can be seen on the section display through all the
wells (Fig7). Map of density distribution at target level of
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sand30 has been prepared (Fig.8) from estimated density
data.

Rock physics analysis and feasibility studies

Objective of the rock physics analysis is to determine the
pore-fluid sensitivity of different elastic parameters.
Analysis through histogram and cross plot of P-impedance
and Vp/Vs logs were carried out to find the desired
separation for different litho-fluid types. Histogram of P-
impedance and Vp/Vs logs in the zone of interest was
generated (Fig. 8). On the basis of only P-Impedance, It is
difficult to separate hydrocarbon and non-hydrocarbon
bearing zones, while histogram of Vp/Vs shows most
likelihood of occurrence of hydrocarbon bearing zones is in
low Vp/Vs range. Cross plot of P-impedance and Vp/Vs
logs for zone of interest shows moderate to slightly high P-
impedance and low Vp/Vs for hydrocarbon producing
wells.
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Concept of Fuzzy membership of different input is
introduced at this stage. Membership diagram shows the
different degree of membership of the members of fuzzy
set.  Here for constructing membership diagrams we use the
mean value and standard deviation value of different
attributes for Gas wells. In general we have used (Mean ±
n*Stan. Dev), where n is 1 or 2.Thus Membership diagram
is a sort the window having favorable range of attributes for
low amplitude gas sand (snad30) level. Different Weights
of different attributes are obtained on the basis of
respective membership functions derived from well data.
Then the average and multiplications of   weights of
attributes is calculated as shown in Fig9. Trapezoidal
Membership functions as shown in Fig.10 have been used
for different seismic attributes for gas wells (e.g. PSTM
amplitude, LF amplitude, Density, Dominant Frequency
and P-impedance). Different Weights of different attributes
are obtained on the basis of respective membership
functions. Then the average and multiplications of   weights
of attributes is calculated (Fig11). Scaling the   PSTM, LF
amp and Density attribute by average weight and weight
multiplication as shown in fig 12 (Example here is for
density only). Both scaled and unscaled input maps are
subjected to Linear Regression and ACE.
Linear Regression Relationship used for Gas Saturation
Prediction is:

For ACE application GRACE program has been used. The
non-parametric approach adopted by GRACE program
generates a transformed value corresponding to each data
point for the dependent (saturation) and independent
variables (membership function scaled/unscaled input
attributes).  In order to generate a functional form for the
final correlation, one must fit these transformations using
appropriate functions. Simple polynomials are generally
good enough to fit these transformations.  This is

accomplished using the EXCEL macro (Fig.13). ACE
transform plot for density is shown in Fig.14.
ACE transform relationships - After fitting polynomials to
these transform curves we get following relationships:
1.

2.

3.

4.

5.

6.

7.

8 .

ANALYSIS OF RESULTS

Predicted gas saturation map at sand30 level with both
linear regression and ACE method is illustrated in Fig.15.
Fig16 demonstrates the difference of ACE output without
and with scaling by respective membership function of
input attribute. Features are better defined in the later. This
makes it easier for the interpreter to decide on exploration /
development location. Fig.17 shows the comparison
between density predicted through Neural Network and gas
saturation predicted through ACE which shows surprisingly
good similarity. We finally validated all density and
saturation values at well locations. Gas wells, viz. W-1,
W-2, W-3 ,W-4, W-7 , W-8 , W-9, W-10, W-11 are in

high saturation zone and Dry wells , viz. W-5 ,W-6 are in
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low saturation Zone.  Predicting the saturation after scaling
the input seismic attributes with respective membership
function signifies filtering the attributes in the proper range
which implies clustering the attributes sensitive to gas
presence to enhance effect of saturation as shown in figure
16 and 17. Saturation map is superimposed on structural
map at that level (Fig.18) for better understanding with
reference to structural disposition.
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Fig. 13 Tabular Data for Saturation Prediction with ACE
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CONCLUSION

The study is carried out to identify the gas bearing zone at
sand30 level in an area of producing field of Western
offshore Basin of India through Multi attribute linear
regression and Alternating Conditional Expectation
approach which is otherwise not possible to identify by
direct hydrocarbon indicators (DHI), inversion and AVO
analysis. On comparing the base map, computed density
map and saturation map we finally conclude that all density
and saturation values are validated at well locations.

Gas wells, viz. W-1, W-2 ,W-3 , W-4, W-7, W-8 ,W-9 ,
W-10 , W-11 are in high saturation zone and Dry wells ,
viz. W-5 , W-6  are in low saturation zone. Predicting the
saturation after scaling the input seismic attributes with

respective membership function implies clustering the
attributes sensitive to gas presence to enhance effect of
saturation. Areas of good saturation zone away from the
drilled wells may lead to additional prospect locations
within Sand 30 sequence. This zone is shown in polygon
fitted area.

This study has established another innovative approach to
find prospective areas at sand30 level by means of multi
attribute analysis which was otherwise difficult through
conventional methods.
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