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Summary  
  
Search for Hydrocarbon in lightly explored basins is mainly driven by seismic methods. The Seismic Attribute Analysis is one of 

the techniques used for Seismic Faceis Characterization, Fluid and Lithology Discrimination. In the absence of any prior well 

information Qualitative Seismic Multiple Attribute Analysis can be an effective De-Risking tool for well location optimization and 

taking sensible Drilling Decisions.  

 
This paper describes a case study from North East Coast of India where a set of Seismic Derived Attributes have been analyzed 

together to finalize a well location in the Middle Miocene age .Combined Seismic Multiple Attribute Analysis built up confidence 

in identifying the sweet spot where most of the attributes were converging .The well drilled at the location identified by the 

analysis yielded a commercial Gas Discovery. 

 

Introduction  
  
The first well in any lighly explored basin requires to be 
drilled in the best part of a prospect as it has certain impact 
on the Future Hydrocarbon Exploration strategy. Seismic 
Multiple Attribute Analysis can be an effective tool even in 
the qualitative form since involvement of multiple 

attributes certainly reduces the risk associated with drilling 
a well. Here a methodology followed by a team of Seismic 
Interpreters for a Middle Miocene target namely MidMio-I 
is being discussed.  
 
Attribute maps were generated and analysed from the 
seismic data for the purpose of facies mapping. Attribute 
like RMS amplitude was used to map the extent of the 

facies distribution at different stratigraphic level.  
Attributes like spectral decomposition, 3D Prestack 
Seismic Gather study and AVO modelling were also 
carried out.  
 
Conventional attribute analysis was performed on the full 
stack data and AVO attribute analysis was carried out on 
angle gathers for the Mid-Mio prospect. Following attribute 

3D volumes were created: 
 

 
List of Post stack attributes:  

 
• Stratal amplitude Map.  
• Spectral Decomposition volumes/Maps.  
• Gross Thickness Estimation from First Peak Spectral 

Method.  
• Time-Frequency (Absorption) Study. 
 
List of Pre stack/AVO attributes analyzed on this prospect  

 
• AVO Recon volume from reflection Strength 

generated out of conditioned Angle stacks 
• AVO Modeling with reference to Best possible 

Geologic Model/Analogue. 
• AVO attributes Analysis on higher offset gathers. 

 
Time slices were analyzed and maps were extracted in the 
reservoir interval for detailed analysis of the prospect. 

 

Challenges:   
 
1.  Non Availability of any Deeper Well data penetrated up 
to Middle Miocene.  
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2.  Limited Knowledge of differentiating between Seismic 
responses due to change in Litho logy and change in Fluid 
Properties in the Deepwater Depositional Setting.  
 

3.  Extraction of Relevant Information from a noisy 
Seismic Dataset through Special Processing. 

 

Geological Background   

 
The area under study lies on the shelf and continental slope 
offshore of the East-Coast of India, in North East Coast 
basin. The North East Coast basin is a passive margin basin 

which evolved along the NE-SW rifted continental margin 
of Eastern India when India separated from Antarctica 
during Jurassic-Early Cretaceous time. Canyon cuts and 
deltaic progradational clastic deposits originated due to 
coastal river systems like Ganges-Brahmaputra, 
Subarnarekha, Baitarani, Brahmani, and Mahanadi. Canyon 
cuts are steep sided, sharp, narrow to wide and at times 1.5 
to 2km deep. These canyons have created localized deep 

water depositional condition within the shelf. Channels 
bringing in sands within these canyons can be mapped 
clearly from 3Dseismic data using attributes like coherency 
and spectral analysis. The course of these channels is 
governed by the course of the canyons. The delta deposits 
are manifested as parallel laminations with progradational 
sequences in high-resolution seismic sections. It is seen that 
canyon cuts in eastern and western part of the 3D area has 

caused the formation of a central stable area of the delta 
sediments.   
 
The Mid Miocene unconformity is characterized by basal 
incisions on the slope during the initiation of the low stand. 
This created an intraslope basin, which was later filled with 
turbiditic deposits at the base overlain by further infilling of 
the slope basin by aggrading channel-levee complexes of 
the lowstand wedge. The reservoirs are slope and base of 

slope sands lying unconformably over an erosional surface 
within an intraslope basin. The Mid Mio I unit is equivalent 
of lower slope sheet sands. The entrapment is stratigraphic 
with the slope fan sands pinching out laterally and updip 
against the encasing shales/claystones. The prospect 
comprises of amplitude anomalies interpreted as sands/ silts 
separated by clays. All earlier wells were drilled in the 
Shelf where as MidMio-I is in the slope setting. So no prior 

well information of similar setting was available for 
interpretation. 

 

Methodology 

   

Attribute Analysis and Interpretation 
   

The RMS attribute maps gave the information about the 
areal distribution of the hydrocarbon accumulation. The 
areal extension of the reservoir limit was taken on the basis 
of RMS amplitude map and the corresponding bounding 
polygons were constructed for volumetric calculation. The 
spectral decomposition maps were used to visualize the 
data in the frequency domain giving better idea about 
reservoir thickness. The data at First Peak frequency and 

First Dominant Frequency map gave information of the 
Geometry as well as fluid properties of Geobody where as 
the Spectral-Slope map shows the regions with higher 
frequency absorption.  Short description of the attribute and 
interpretation is provided below.  

 
Fig 1: A Seismic Section through MidMio-I Object. 

 
A. PostStack Seismic Attributes 

 
1.  RMS Amplitude Map Interpretation  

 
Fig 2: Near and Far Angle Stack amplitude maps. The Portion 

highlighted in white Circle is referred as the MidMio-I Anomaly. 
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2.  Application of spectral decomposition 

 

 
 
Fig 3: First Peak Spectral Map over MidMio-I Anomaly  
 
Frequency loss is observed over the horizon along MidMio-
I anomaly. First Peak Frequency map shows lower 
frequency which exactly follows RMS maps of the 
MidMio-I prospect.  

 

3. Gross Thickness Estimation from spectral 

decomposition Method 

 
First-Spectral Peak Method from SpecDecomp Technique 
is useful for computing thickness of reservoir. Using an 
interval velocity Map a Gross reservoir thickness can be 
estimated.  

 
Spectral decomposition provides a robust and phase 

independent approach to seismic thickness estimation. With 
spectral decomposition even a relatively low frequency 
component, such as ten hertz, can help quantify thin-bed 
variability. In the oil field the key to any quantitative 
analysis is well control. Just as with seismic inversion, 
spectral decomposition thickness analysis requires well 
control to keep the results tied to a reasonable range. From 
the theory of thin bed analysis for a blocky wedge model, 

the period of amplitude spectrum notching with respect to 
frequency, Pf, is related to the time thickness of the thin 
bed, t, by: t = 1 / Pf where t = (2 * z) / V Where z equals 
bed thickness and V equals velocity. Then the depth 
thickness is given by: z = V / (2 * Pf) The frequency where 
the first spectral peak occurs, fo, is equal to Pf. Making this 
substitution into the thickness equations you get, z (depth 

thickness) = V / (4 * fo) and t (2-way time thickness) = 1 / 
(2 * fo) In many fields spectral decomposition based 
thickness analysis has predicted bed thickness and net-
togross values to within one meter. Spectral decomposition 
thickness analysis has also proven very useful in fields 

where classical thickness analysis is ambiguous or 
unresolved. Obviously, increasing the complexity of the 
reflectivity model will complicate the interpretation of the 
amplitude spectrum and associated notching. This is a field 
of ongoing research.  
 

 
Fig 4: Gross Reservoir Thickness Map of MidMio-I anomaly in m 

calculated from First Peak Frequency. 

 
4.  Spectral Slope Change Method 

 
 This attribute attempts to quantify frequency absorption 
effect by estimating the decay of power with frequency, 
within the modeled power spectrum. Lateral changes in the 
spectral slope may be diagnostic of frequency absorption 
effects caused by gas saturation or fracturing or related to 
changing lithology or startigraphy. In case of gas saturated 
sands high seismic frequencies are attenuated and hence 
spectral slope is steeper.  
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Fig 5: Higher negative values of Spectral-Slope indicating higher 

frequency absorption is conformal to the MidMio-I Anomaly. 

 

5.  Time-Frequency CWT Analysis.  

 
 CWT or Continuous Wavelet Transform is a better 
technique than DFT (Discrete Fourier Transform) method 
for analysis of Local events. The analysis yields two graphs 
in which one graph contains a Time Sample Vs Scale plot 

and the second graph shows the relationship between the 
scales and Frequencies. For analysis two seismic traces one 
at the Prospect location and other at location away from the 
Prospect are chosen. The CWT analysis at location away 
from the Prospect gives the background trend. A deviation 
from this background trend at the drillable location is an 
indicative of probable hydrocarbon zone  

 
Fig 6: CWT Time-Frequency Analysis Show a drift towards Low 

frequency from the Background trend at MidMio-I Prospect. The 

Loss of Frequency may be due presence of HC 

 
 

 

 

B. Pre-Stack Seismic Attribute Studies  

 

1.  A Prior Information/Analysis 

 
 
Fig7: A Qualitative AVO history Classification based on Drilled 

Well data. 

 

2.  Avo/Ava Sensitivity Analysis   
 

The Figure below shows multiple no of AVA Realizations 
by using Elastic parameters Vp, Vs, Density of a near by 
Well data .with 10% variation of Input Values. The blue 
curve shows AVA simulations for a shale-Gas Sand 
interface where as the Red curves are the AVA simulations 

Of Shale -Brine sand interface. The Figure shows for the 
given condition of Vp, Vs, Density there is a good 
separation of Gas and Brine With a certain amount of 
overlap if all sorts of random combinations of input 
parameters are taken into account.   
 
This type of study is often called AVO sensitivity study and 
an integral part of Statistical Rock Physics Study.  
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Fig 8: AVO Sensitivity Analysis done on a nearby well data gives 

an idea of Uncertainties associated with Uncalibrated AVO. 

 

3. AVO/AVA Attribute  

 

Analysis  Description of AVO Analysis 

 
 AVO/AVA analysis has been carried out For MidMio-I 
object in multiple lines and as well as complete 3D. 

 
Fig 9: Intercept*Gradient map and angle gathers. 

 
Mid Mio-I anomaly also shows AVO Class–II kind of 

response having amplitude build up in the Far angles with 
low amplitudes in the near angles. 

 
 

 

 

4.  Enhanced AVO Attribute Analysis  
 
The MidMio-I anomaly is highlighted  in between two 
Horizon Slices showing  Max Amp of Far Amp 
EnvelopeNear Amp Envelope Volume prepared from Near 

Mid  (2332) and Mid far(28-41) Angle Stacks after 
balancing the frequency spectrum of both the seismic 
volumes. This is done as a part of reconnaissance AVO 
using angle stacks. This typical method has been referred as 
Enhanced AVO attribute analysis by Exxon-Mobile 
Upstream Research. 
 

 
Fig 10: Enhanced AVO attribute map for MidMio –I 

 

5. AVO Intercept and Gradient Analysis Plot 

 

 
Fig 11: The Intercept and Gradient Product shows anomaly from 

the background. 
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6. AVO Modeling and Fluid Substitution from near by 

Analogue Basin 
 
Seismic P wave Velocity, corresponding Shear and Density 
computed from depth trends from near by wells were taken 

as input for AVO model. A two layer Shale sand Model for 
Gas and Water was created with Fluid Substitution for an 
Analogue Gas Discovery Well .Next the ratio of Elastic 
parameters for Shale/Sand interface of the analogue well 
was used to modify the input AVA model along with 
proper reservoir property constraints. Then the Synthetic 
gather response at the desired location was matched with 
real seismic gathers as part of verification. The AVA 

modeling suggested that AVA response for Gas and Water 
would be different but with some overlapping though. 
 

 
Fig 12: AVA response for Drilled Analogue (Blue –Gas and 

Green-Water). 

 
Fig 13: AVA modeling response for MidMio-I (Blue –Gas and 

Green-Water). 

 

Results   
 
The Combined Multiple Attribute Study helped in 
identifying a best drilling location in the given MidMio-I 
Prospect and resulted in a successful gas discovery. 
 

Discussion   
 
The seismic interpretation supported by Prestack and Post 
Stack Attributes were supposed to be more meaningful 
rather that driven by a single type of attribute. Including 
other information like sensitivity analysis (Fig.8) and prior 
AVO history of the near by area (Fig.7) helped to 
understand the associated risks. The special processing of 

seismic data (Fig.9) helped to clean up the noisy data. 
Spectral decomposition method addressed the frequency 
related interpretation where as AVO (Fig.10, 11, 12, 13) 
and Angle Stack comparisons (Fig.2) were related to 
Amplitude. The thickness map (Fig.4) from first peak 
frequency estimated much close to the actual gross 
thickness encountered. The Spectral Slope map (Fig.5) also 
highlighted the Target which was proven successively. 

CWT analysis (Fig.6) was also indicative of Frequency 
absorption though qualitative.  This qualitative study can be 
transformed into quantitative after further well information 
is incorporated. 
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Conclusion  

  
This study led to following conclusions   
 
1. Combination of various attributes helped to map the 

extent of the facies distribution at different stratigraphic 
level at MidMio-I. 
 
2. Use of Multiple attributes can be more predictable and 
reliable with availability of sufficient Well information.  
 
3. Understanding the relationship of above attributes with 
non-DHI gas reservoirs or transparent sections may still be 

a tough task though not impossible. 
 
Lastly, all these interpretations are subjective to Seismic 
Data Quality and their usefulness must be supported by a 
valid Geologic concept and their applicability should be 
tested through synthetic seismic modeling for more 
meaningful results.   
 

References  

 
Castagna, John, P., Sun, S., 2006, Comparison of spectral 
decomposition Methods: First Break  24, 75-79.  
 
Dillon, L., Schwedersky, G., Vásquez, G., Velloso, R., and 

Nunes, C., 2003, A multiscale DHI elastic attributes 
evaluation: The Leading Edge 22, 1024-1029.  
 
Fahmy, A, William., Matteucci ,G., Parks, J., and 
Matheney, M., 2008, Extending the Limits of Technology 
to Explore Below the DHI Floor; Successful Application of 
Spectral Decomposition to Delineate DHI’s previously 
unseen on Seismic Data: SEG Las Vegas Annual Meeting. 

 
Samantaray, S., and Gupta, P., 2008, An Interpretive 
Approach for gas zone identification and lithology  
discrimination using derivatives of   attributes: 

SPG Hyderabad. 
 

 

 

 

 

Acknowledgements  

 
The authors thank Reliance Industries Ltd for permission to 
publish the case study and would like to recognize the 
supports provided in terms of data, Software resource, 
valuable information and discussions. 
 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


