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ABSTRACT : Several AVO cross plot methods were compared using well data from 5 exploration drilled in deep water block in
Krishna-Godavari basin. This study shows that AVO Impedance vs. Acoustic Impedance cross plot provides the best separation
between gas bearing sands, water bearing sands and shale/clay.  AVO Impedance (AVOI) attribute derived by normalizing the
Acoustic Impedance (AI) and Elastic Impedance (EI) against the brine sand trend enhanced the facies discrimination.  The
predictive power of this AVOI attribute is comparable to other attributes like LMR (Lambda Mu Rho), AI, and EI.  The AVOI vs.
AI cross plot shows the minimal overlap of various facies with respect to each other.  Ability to define the zone of confusion, zone
of confidence for the study area on the basis of AVOI cross plot may reduce the risks in exploration.  Also the striking relevance
of reservoir porosity to facies separation may guide in assessing the quality of the reservoir.  The effectiveness of this method has
to be tested on seismic data.

INTRODUCTION

AVO cross plots of late has been a simple and elegant
way of representing the AVO effects of reservoir facies.  But
in practice, some times we do observe the failure of AVO
inversion because of two reasons.  The first reason is, due to
noise effect, rock property information like lithology and
fluids is undetectable as distinct trends in conventional P*G
time window cross plots. The second reason being, wavelet
variation with offset can generate leakage between AVO
attributes.  So for an improved and better understanding about
the quality of the reservoir, we need to derive the attributes
that can discriminate fluid effects from lithological effects.

Porosity and fluid discrimination from seismic using
elastic inversion is currently an active area of interest for Oil
& Gas industry.  Seismic inversion methods are commonly
employed to transform seismic reflection information into
reservoir rock property information.  This in turn facilitates
better estimation of reservoir properties such as porosity and
also for estimation of uncertainty and risk.  Though we can
generate cross plots between several measured and derived
AVO attributes, each one has its own limitations in
discriminating lithology from fluids.  The uncertainty due to
noise and wavelet effects on AVO attribute can be minimized
by a proper attribute identification and calibration with well
data.

THEORY & METHODOLOGY

Why do we cross plot?  Generally we do cross
plotting to find the trend and AVO differences in terms of

lithology or fluid type of both reservoir and non-reservoir
facies.  Which attributes are effective for cross plotting?  It
is difficult to be definitive. Though several new attributes
are coming up with an improved understanding of reservoir
facies, but their effectiveness for facies discrimination
depends on the S/N ratios of pre-stack seismic data and the
sensitivity of estimated attributes to noise levels present in
pre-stack seismic data.

Inversion means converting the reflection amplitudes
into impedance values.  We can derive the impedance volume
from seismic angle stack volumes by removing the wavelet
imposed during acquisition and processing times. Generally
the amplitudes of near angle stack are related to Acoustic
Impedance, where AI= f (Vp, ρ), while the amplitudes of far
angle stack, relates to elastic impedance.  The concept of
Elastic impedance (EI) was first proposed by Connolly (1999),
where EI= f (Vp, Vs, ρ, angle).  Connolly showed that at higher
angles, far angle stack amplitudes are proportional to changes
in poisson’s ratio.  The principal benefit of EI is, AVO
information and properties of reservoir rocks can be displayed
in a way that can be understood more intuitively by non-
geophysical specialists.  Elastic Impedance from 0o to 90o angle
is  observed to be a smooth transition from AI to (Vp/Vs) 2

(Connolly, 1999).

The area under study is deep-water block in KG-basin
along the eastern continental margin of India. As a part of our
ongoing exploration efforts, 3D seismic data was acquired to
map the complex architecture of the Pliocene stacked channels,
associated crevasse plays, natural levees and over bank
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deposits. For this study, we have chosen the Vp, Vs and density
logs available in the 400m-reservoir interval from the wells
drilled so far in the study area. Litho cuttings, mud logging,
wire line logs and MDT results of the reservoir rocks confirm
that the wells encountered high quality gas bearing sands in
the upper Pliocene. The reservoir consists of fine grained to
pebbly sandstone and siltstone.

Generally the AI vs. EI cross plot shows that the
distribution trends of various facies are parallel to one another
with arrangement of shale’s at the top, then brine sands and
finally hydrocarbon bearing sands. But this separation will
be optimum when the data was normalized against the brine
sand trend. To maximize the facies separation, new attribute,
AVO Impedance, proposed by Rob Simm (2002) was derived
using Equation-1 given below.

AVO Impedance = [(AI*a) + b) – EI25]  (1)

Where “a” is the slope of brine sand trend and “b”
is the regression intercept. This normalization procedure
effectively projects the data points along a trend line so that
the template becomes useful for interpretation of porosity
and fluid fill. Our present study is aimed at identifying an
optimum attribute using 5 wells from the study area. Future
studies will aim at extending these results from log data to
the calibration of AVO attributes derived from seismic.

RESULTS AND DISCUSSION

The AVO attributes have remarkable influence on
separation of reservoir facies from non-reservoir facies.
Looking at the conventional Intercept vs. Gradient cross plot
(P*G cross plot) (Fig.1) non-reservoir facies are mostly
confined to the center of cross plot, gas sands were spread
over the entire cross plot, while water sands were confined
close to intercept axis with low gradients.  In P*G cross plots,
though the gas sands are separated from background trend,
but the amount of overlap between reservoir and non-reservoir
facies is not significant. Also the overlap of water sands with
gas sand and background facies can confuse facies
discrimination. Castagna (1998) opined that though the Vp
is linked to rock property, pore fluid indicator, compressibility
λ (Lambda) is diluted by matrix indicator, rigidity µ (Mu).
In 1997 Goodway, came out with new attributes called
Lambda-rho (λρ) and Mu-rho (µρ). By converting the
velocity measurements, Goodway showed that these Lames
attributes provides better insight into rock property and are
more sensitive to pore fluids. The reason for better facies

separation in LMR cross plots is because Lambda-rho, Mu-
rho are orthogonal lames parameters.

Fig. 2 shows the LMR cross plot for the study area
reservoir interval using the log data. Undoubtedly it is clear
from Fig.2  that LMR technique seems to be better choice for
resolving the various reservoir facies compared to P*G cross
plots. From LMR cross plot, we can see that background facies
are still not fully separated from brine sands facies.  And also
the effectiveness of this LMR technique depends on the
accuracy to which we can estimate P and S reflectivities and

-0.2 -0.1 0.0 0.1 0.2

-0.4

-0.3

-0.2

-0.1

0.0

0.1

0.2

0.3

0.4 Gas sands

Shale/ Clay

Water sands

Figure 1 : Intercept vs Gradient crossplot.
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also in generating P-Impedance and S-impedance volumes.
But due to extensive processing involved and the sensitivity
of these estimated Lames attributes to noise levels of pre-
stack seismic data, application of LMR technique is limited
(White, 2000).

Currently with increased computing power and
technical developments, generation of post-stack inversion
volumes is common practice in oil industry for better
understanding of the reservoir.   The advantage of inversion
volumes is

• Broader band width of impedance data maximizes vertical
resolution and minimizes tuning effects

• It simplifies lihological and stratigraphic identification
•  Calibrated seismic impedance can be used to predict

correlative petrophysical properties like lithology, porosity
and N/G throughout the seismic volume.

Some times it was observed that both reservoir and
non-reservoir facies seems to have same range of values in
Acoustic Impedance domain.   But in Elastic Impedance
domain reservoir facies will consistently have low EI than
shales.  Hence the combined use of AI & EI attributes will
be effective to define cutoff trend to distinguish shales from
sands.  Fig.3 shows the AI vs. EI25 (Elastic Impedance at
25o angle) cross plot for the study area reservoir interval
using the log data.  From Fig.3 we can see that gas sands
were well separated from background and brine sands.  The
separation of brine sands from background facies in AI vs.
EI cross plot is comparatively better to that of in LMR cross
plot.

Fig. 3 shows the combined plot of distribution of
various facies from 5 wells.  It was observed from Fig.3 that
the individual trends of water sand from 4 wells appear to
be similar, whereas the 5th well water sands appear to be
deviated from the water sand trend of 4 wells.  The individual
analysis of each well brought out, two major reasons for the
anomalous behavior of 5th well water sands

• The stratigraphic level of the reservoir (Upper Pliocene)
from 4 wells is different from the stratigraphic level of
the reservoir from 5th well (Lower -Pliocene)

• Association of 5th well water sands with calcareous
facies.

This implies that for better AVO calibration,
grouping of wells and seismic should be zoned as per the
different channel complexes and the stratigraphic levels.

Rob Simm (2002) notes that in any attribute cross
plot, power of facies discrimination lies in projection of the
data.  The AVOI attribute derived for the study area reservoir
interval (as described above) and is cross-plotted with AI
(Fig.4). Compared to AI vs. EI cross plot, facies discrimination
is enhanced in AVO Impedance cross plot

Another striking feature of this AVOI attribute cross
plot is, gas sands are confined to +ve AVO Impedance zone,
while background facies and water sands were centered
around zero AVOI with little spread over to either side of
zero AVOI.
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Figure 4 : AVO Impedance Vs Acoustic Impedance cross plot and %
porosity is shown against the separation line.
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In Fig. 4 the rectangular zone drawn for AVOI of 0-
2000 g/cc.m/s, represents the zone of confusion.  In this zone
of confusion, mixed facies with poor quality reservoir can be
expected.  Beyond the zone of confusion, we can expect fine
quality reservoir sands and are observed to have high  +ve
AVOI and low to medium range of AI.  Another interesting
point we observed here is the amount of separation between
reservoir and non-reservoir facies seems to be related to
reservoir porosity.   The sands with AI of 5000-6000 g/cc.m/
s distributed close to the background facies were observed to
have an average porosity of 15%.  Sands with intermediate
AI ranging from 4000-5000 g/cc.m/s have 25 % average
porosity.  The AI of fine quality reservoir sands ranging from
3000-4000 g/cc.m/s found to have highest average porosity
of 35%.

The advantage of this attribute that, it is easy to
estimate and its direct relevance to rock frame work.  The
zone of confusion and zone of confidence identified from
log derived attributes when projected to the seismic domain
will increase the success rate at new locations proposed or
identified for drilling.  Like other AVO attributes the practical
applicability of this attribute on seismic angle stacks is yet
to be tested.

CONCLUSION

The AVO Impedance attribute seems to be more
effective for facies discrimination compared to other
attributes.  In P*G cross plot, lack of definite trend for gas
sands against non-reservoir facies, limits its discrimination
power.  In LMR cross plot, gas sands were clearly separated
against shale and water sands.  But the water sands have
minimal separation from shales.  In AI vs EI cross plot we
are successful in separating three facies like gas sands, water
sands and shales.  The AVO Impedance attribute derived by
normalizing the AI and EI attributes enhanced the facies
separation compared to LMR, AI and EI.  The ability to define
zone of confusion and zone of confidence in AVOI vs AI
cross plot, can reduce the risks in exploration.  The relevance
of amount of separation of gas sands from background facies
gives an insight about reservoir porosity and helps us in
assessing the quality of the reservoir.  AVO calibration will
be more effective, if wells and seismic were grouped as per
the channel complexes and the stratigraphic levels.
Calibration of seismic guided by optimum attribute identified
from well log data may reduce the risk in exploration.
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APPENDIX

Zoeppritz equations for P-wave reflectivity as a
function of angle is

R(θ) = A + B sin2(θ) + C tan2(θ)
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p
* ρ

Elastic Impedance derived based on Zoeppritz equation (2)
for angles below 30o is

EI = V
p
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p
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Elastic Impedance derived based on equation (2) for angles
greater than 30o is

EI
1
 = V

p
(1+sin2θ)V

s
(-8Ksin2θ)ρ(1-4Ksin2θ) )

                
 V

s
2

where k= ____

                 
V

p
2

AVO Impedance = [(AI*a) + b) – EI25]

Where a is the slope, b is the intercept for brine sand regression
trend from AI vs EI cross plot.
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