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Summary 
 
AVO attributes, Intercept (P) and Product (P*G), fail to discriminate gas-bearing Miocene reservoirs for the study area as 
they fall close to the background trend. Gas zones with less than 50% saturation are hard to differentiate through detailed 
petrophysical analysis. The reservoir quality and associated rock properties also tend to significantly differ between the two 
shallow offshore wells of Krishna Godavari basin used for the study.  Moreover, presence of limestone streaks within sand-
shale sequences cause difficulty in proper identification of reservoir sands. 

 

The present study is conducted to devise a methodology through proper analysis of data for derivation of rock attribute or 
elastic parameter which can discriminate hydrocarbon bearing zones. Moreover, the study will also focus on separation of 
reservoir sands from limestone streaks, and try to differentiate between silty and clean reservoirs. 

 

Any single rock property or elastic parameter fails to discriminate thin gas sands from water-bearing zones. Even the types 
of rocks to be encountered are hard to envisage from any single attribute. Multiple rock attributes namely Lambda-Rho, 
Mu-Rho, Vp/Vs, P-velocity and P-impedance are used simultaneously to discriminate reservoir bodies based on lithology, 
clay content and pore fluid variability. However, delineation of low gas saturated silty reservoirs still remains a challenge. 
The overall analysis will help to delineate future prospects of drilling and reduce the risk of drilling dry holes. 

 
 
Introduction 
 
Krishna Godavari Basin, along the East Coast of India, is   
situated on the shoulder of a rifted passive continental 
margin and developed during separation of India from 
Antarctica (Bastia et al., 2006). The basin experienced 
rapid sedimentation during Miocene resulting in growth 
fault activity and development of roll-over anticlines. 
 
The deviation of gas sands from the wet sand/shale trend in 
an AVO crossplot forms the basis of discriminating 
classical AVO anomalies. The chance of success using 
AVO reduces when the anomalies fall closer to background 

and become more difficult to separate in presence of noise 
and seismic wavelet effect (Keho et al., 2001). Present 
study is performed to devise an alternate methodology and 
generate suitable attributes to discriminate hydrocarbon 
bearing zones thereby reducing the risk of drilling dry 
holes.  
 
The present study includes two shallow offshore wells with 
a separation of 10 km. One of the wells (Well X) 
discovered gas in silty reservoir while the second well 
(Well Y) encountered clean water-bearing sand. Both the 
reservoirs are of Miocene age at similar depth of 
investigation entrapped in fault closures and unconformity-
related traps. 
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Input data 
 
• A full suite of logs acquired for wells X and Y  
• Seismic gathers around the two wells 
 
 
Methodology 
 
Step-I :  Detailed petrophysical analysis from well logs is 

performed to assess the rock’s behavior to elastic 
wave and gain an understanding of the 
petrophysical relationship of the zone of interest 
as a function of lithology and pore-fluid 
variability. This is derived by cross-plotting log 
derived properties and elastic parameters.  

 
Step-II:  Fluid substitution for the target sands is carried 

out using all volumetric logs with different gas-
saturation values (Biot, 1956). 

 
Step-III:  Rock properties are tabulated from observed logs 

and amplitude responses for different shale-sand 
interfaces at varying offsets analyzed for AVO 
classification. Full offset synthetic models are 
generated after synthetic correlation. 

 
Step-IV: Seismic data conditioning is performed and AVO 

attribute volumes are generated from conditioned 
seismic gathers to best depict any AVO anomaly. 

 
 
Data Analysis and Results 
 
Step-I: 
 
 
The log behavior across the gas sand for well X (Figure. 1) 
shows an increase in P-wave velocity, S-wave velocity and 
P-impedance at the top of the gas sand from the 
background shale.  
 
 

 
Figure 1:  Log behavior across the gas sand for well X. The 
bold lines indicate the top and base of the gas sand 
 
 

An increase in resistivity and drop in density values are 
observed across this silty reservoir zone. Small zones 
within this sand interval (zones with highest resistivity) 
actually show a drop in P-wave velocity and acoustic 
impedance from the background trend.  These small zones 
are only discriminated in cross plotting P-wave velocity 
and S-wave velocity (Figure.2), and P-wave velocity and 
density (Figure.3).  
 
 

 
Figure 2:  Crossplot of P-wave velocity and S-wave 
velocity for well X. Blue zone indicates small zones within 
gas sand that can be properly discriminated. Yellow zone 
indicates presence of streaks of limestone  
 
 
 

 
Figure 3:  Crossplot of P-wave velocity and densityfor well 
X. Yellow zone indicates small zones within gas sand that 
can be easily discriminated. 
 
Cross plotting P-impedance and S-impedance (Figure.4), 
and Lambda-Rho and Mu-Rho (Figure.5) were unable to 
discriminate the entire gas sand interval. Only zones with 
gas saturation values more than 50% were observed to be 
separated from the analysis. The rest of the interval was 
observed to overlap with the background shale and water-
sand zones.  
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Figure 4:  Crossplot of P-wave impedance and S-wave 
impedance for well X. Color scale denotes water saturation. 
Small intervals within gas sand with more than 50% gas 
saturation  can be separated from background shale trend. 
 
 
 

 
Figure 5:  Crossplot of Lambda-Rho and Mu-Rho for well 
X. Color scale denotes water saturation. Small intervals 
within gas sand with more than 50% gas saturation  can be 
separated from background shale trend. Gas sand zone is 
not parallel but oriented at an oblique angle to it. 
 
 
The log behavior across the water sand well Y (Figure. 6) 
shows an increase in P-wave velocity and associated drop 
in density at the sand intervals from the background shale.  
The P-impedance change at the shale-sand interface is very 
small for both the target sands. This can also be observed 
from the cross-plot between P-impedance and density 
(Figure. 7).  
 
 

Figure 6:  Log behavior across the water sands for well Y. 
The bold lines indicate the tops of the clean water  sand. 
 
 
 

 
Figure 7:  Crossplot of P-impedance and density for well Y. 
Color scale denotes clay content. The two elliptical zones 
indicate shale and clean sand with almost same impedance 
values separated by a contrast in density. 
 
 
No shear wave data has been recorded for well Y. For 
analysis purposes, mud rock line is computed through 
regression analysis for well X (Figure.8). This relation is 
used to derive the shear wave log for well Y.  
 
 
 

 
Figure 8:  Mud Rock Line for well X used for computation 
of shear wave log for well Y 
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Step-II: 
 
 
Fluid substitution is performed for well X by replacing the 
in situ gas sand interval with 0%, 5%, 50% and 80% gas 
saturation values. Lambda-Rho and Mu-Rho logs are 
derived for the different gas saturations and cross-plotted 
(Figure. 9).   
 
 
 

 
Figure 9: Crossplot of Lambda-Rho and Mu-Rho for 
different gas saturations substituted in the gas sand interval 
for well X. The zone to the right shows a scattered 
overlapping zone for different gas saturations due to 
inhomogeneous sand interval for fluid substitution. The 
zone to the left shows separable zone for high gas 
saturation in the sand interval. 
 
 
For the fluid substitution, the entire substituted sand 
interval is assumed to possess the same matrix property. 
The scattered nature of the points for a single saturation 
indicates heterogeneity of the reservoir with varying clay 
content which leads to overlap for different gas saturations. 
This points to a drawback for the above fluid substitution 
method and is only able to discriminate small zones with 
high gas saturation. 
 
Fluid substitution is also performed for well Y after 
replacing the water sand intervals with 5%, 50% and 80% 
gas saturation values. Cross-plot is performed after deriving 
the Lambda-Rho and Mu-Rho logs for different saturations 
(Figure. 10).  
 
Analysis shows that for single gas saturation, the points are 
clustered in a particular orientation. This trend is even 
parallel to 100% water trend. All these trends are observed 

to be almost parallel to the shale background trend of well 
X. Possible explanation can be that the shear curve used 
during substitution is derived from the background trend. In 
light of the above observations, the fluid substituted gas 
saturated zones can be discriminated from the water sand 
zones using the above attribute for these clean sands. 
 
 
 

 
Figure 10: Crossplot of Lambda-Rho and Mu-Rho for 
different gas saturations substituted for the clean water 
sands in well Y. The shale background trend from well X is 
also plotted. Both the trend for the water and gas saturated 
intervals are almost parallel to the background trend. The 
water and gas intervals for clean sand can be clearly 
discriminated.  
 
 
 
Step-III: 
 
 
The log data for the two wells X and Y are analyzed and 
the observations made are tabulated (Table 1). The rock 
properties are obtained by plotting histograms of the 
respective log interval and the mean value is computed.  
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 Lithology Vp 
(m/s) 

Vs 
(m/s) 

RHO 
(g/cc) 

VCL 
 

Vp/Vs 
 

Gas sand (Max. 
Resistivity) 2338 1283 1.93 0.42 1.82 

Gas sand (intermediate 
Resistivity) 2600 1250 2.15 0.60 2.08 

Water sand 2705 1254 2.05 0.45 2.16 

Shale 2208 850 2.28 1.00 2.60 

X 

Limestone streak 3075 1570 2.42 0.55 1.96 

Water sand 2985 1384 2.07 0.05 2.16 
Y 

Shale 2468 950 2.35 0.83 2.60 

Table1: Comparative study of rock properties from log data 
of wells X and Y. The rock properties for the gas sand have 
been derived at two intervals, one with maximum 
resistivity and the other interval with intermediate 
resistivity. 
 
 
For the gas sand, two values are noted. One of these values 
corresponds to maximum resistivity and maximum gas 
saturation in the interval. The second value represents an 
intermediate resistivity with high gas saturation and slightly 
siltier zone. Vp/Vs is computed for well X and same Vp/Vs 
values are used to compute Vs values at well Y for water 
sand and shale. The computed P-impedances for both shale 
and clean sand for well Y are observed to be higher as 
compared to P-impedances for shale and silty sand for well 
X.  
 
The variation in P-impedance for shale at the two wells 
with similar stratigraphy and depth of occurrence could be 
attributed to different mineralogy within the shale 
sequences. Presence of shale laminations within the silty 
sand reduces P-velocity in comparison to clean sands. 
 
Streaks of limestone present in between sand-shale 
sequences show strong amplitude on the stack section due 
to high P-wave velocity, S-wave velocity and density 
(Table 1). In certain places, these streaks are hard to 
differentiate from shale-sand interfaces with strong 
amplitude. 
 
The observations are utilized to compute reflection co-
efficient at varying angles of incidence, R(θ), for different 
shale-sand interfaces using rock properties tabulated at the 
two wells (Figure. 11). The above computations are based 
on ideal cases with homogeneous sand interval with 
uniform gas or water saturation.  
 

 
Figure 11: Variation of reflection-coefficient with angle for 
different sand-shale interfaces with single homogeneous 
sand  layer filled with water or gas. Blue color stands for 
shale-gas sand interface (rock property for sand with 
maximum resistivity value recorded at well X). Pink color 
denotes shale-gas sand interface (rock property for sand 
with intermediate resistivity value recorded at well X). 
Yellow color indicates shale-water sand (silty) interface at 
well X  while Cyan color denotes shale-water sand  (clean) 
interface at well Y.  
 
 
R(θ) shows that only shale-gas sand interface (blue color) 
has weak negative intercept and a large negative gradient. 
On the other hand the other three interfaces (one shale-gas 
sand and two shale – water sand interfaces with varying 
clay content) have weak positive intercept and 
comparatively small negative gradient.  The shale-sand 
interface with high gas saturation can be properly resolved.  
However, shale-sand interface with low gas saturation 
(pink) cannot be differentiated from shale-water sand 
interfaces with varying clay content (yellow and cyan). 
 
Synthetic correlation is performed to tie the well log data 
with the seismic. Consequently, full offset synthetic models 
are derived for well X using Elastic wave equation (Figure. 
12). The model shows very weak amplitude at the top of 
gas sand.  
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Figure 12: Full offset synthetic model for well X using 
Elastic wave equation. Bold lines indicate top and base of 
gas sand.  
 
 
Step-IV: 
 
 
Seismic data conditioning is performed on the gathers 
around the well locations which include spectral balancing 
at the far offset and flattening of the events.  
 
AVO attribute volumes namely Intercept, Product 
(Intercept * Gradient) and (Far-Near)*Far ((F-N)*F) 
attributes are generated from the conditioned gathers. 
Intercept stack (Figure. 13) and Product stack (Figure. 14) 
across well X show very weak response at the gas sand 
interval.  
 
 

 
Figure 13: Intercept stack generated around well X with the 
gas sand interval shown in the circle showing weak AVO 
response. 
 
 
 

Figure 14: Product stack generated around well X with the 
gas sand interval shown in the circle showing weak AVO 
response. 

 
Very weak response is noted for the (Far-Near)*Far 
attribute across well X (Figure. 15). Positive response is 
observed below the gas sand and to the right of it. A 
possible cause for such strong response can be stretching of 
the wavelet at far offsets thereby leading to tuning of two 
events (Figure.16). Spectral balancing is possibly unable to 
resolve this tuning and special emphasis needs to be given 
in analyzing such events.  
 
 

 
Figure 15: (Far-Near)*Far stack generated around well X 
with the gas sand interval (green) showing weak response. 
Zones (blue) to the bottom and right of the gas sand 
interval show strong response. 
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Figure 16: Near stack and far stack responses around well 
X showung zones below and to the right of the gas sand 
interval encircled in blue having effect of tuning at far 
offsets. 
 
 
Discussions 
 
 
Drop in Vp/Vs and increase in Mu-Rho is sufficient to 
delineate shale from sands (silty and clean). Similar 
response is also depicted by limestone streaks. It is inferred 
that limestone streaks show much higher P-impedance and 
can be discriminated from sands with this attribute.  
 
Water bearing silty and clean reservoirs can be 
discriminated using P-velocity and density attributes 
together, with clean sands having higher P-velocity and low 
density. However, the risk of delineation using this 
approach increases for sands with dispersed shale as they 
show comparatively higher P-velocity as compared to clean 
sands. These sands can be discriminated from clean sands 
with the help of higher density. 



 
Castagna, J. P., Swan, H.W., 1997, principles of AVO 
crossploting; The Leading Edge, 16, 337-342. 

 7

Discrimination of gas zone for clean reservoirs can be 
obtained using Lambda-Rho attribute. For silty reservoirs, 
only zones with more than 50% gas saturation can be 
properly discriminated using Lambda-Rho attribute.  
 
 
Conclusions 
 
 
The present study shows that the gas sand interval for well 
X is heterogeneous with varying clay proportion over the 
small interval. Only small zones with less clay fraction and 
higher gas saturation get discriminated. Even AVO 
attribute volumes (Intercept, Product & (F-N)*F) are not 
sufficient to delineate hydrocarbon zones which show mild 
deviation from background. 
 
Moreover, the present study reveals that using a single 
attribute or rock property it is very difficult to discriminate 
thin gas sands from water bearing zones for silty and clean 
reservoirs, and streaks of limestone. Multiple rock property 
and elastic parameter attributes are used simultaneously to 
separate the different layers based on lithology, clay 
content and pore-fluid variability. 
 
The present study will help to reduce the exploration risk 
and delineate future prospects for drilling. However, there 
is need to devise a more robust attribute or any rock 
property that can delineate silty gas reservoirs with less gas 
saturation. 
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