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Abstract 

Seismic reservoir characterization is the study of integrating petrophysical and elastic properties, as well as 

the available subsurface knowledge into the estimation and analysis of reservoir properties, such as porosity, 

lithology, fluid content, etc. These properties can then be used as an aid for identification of hydrocarbon 

targets in those reservoirs. However, in the case of low elastic property contrast between reservoirs and non-

reservoirs, the delineation of facies becomes challenging. For normal incidence, the reflectivity series of a 

layered subsurface relates directly to the derivative of logarithm of acoustic impedance, which is why it is used 

frequently for seismic reservoir characterization. But as the lithology and fluid or lithology information is seen 

on the far offsets or angles in prestack seismic data, it becomes an obvious choice to examine not just the 

acoustic impedance but the impedance at different angles of incidence, particularly the ones at large angles. 

The variation of impedance with angle of incidence is referred to as elastic impedance (EI), and it is a function 

of P-velocity, S-velocity, density, and angle of incidence as well. 

In the present study, EI at higher angles of incidence was examined for a dataset from Western Offshore Basin, 

West Coast of India, where the impedance contrast between the reservoir and non-reservoir facies was found 

to be low, and P-impedance alone did not help with the delineation. EI at higher angles of incidence exhibited 

good contrast between the reservoir and non-reservoir facies and helped characterize reservoirs with 

confidence. 
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Introduction 

Seismic velocities are crucial in determining lithology, porosity, and fluid content in any reservoir. 

Conventional post stack impedance inversion, implying normal incidence of P-waves striking any subsurface 

interface yields only acoustic impedance (AI). However, it is often noticed that AI alone cannot distinguish or 

identify a reservoir, its fluid type and lithology apparently because it ignores amplitude variation with offset 

(AVO) effects, and thereby causing information loss (VerWest et al., 2000). This assumption remains valid when 

the offset range is small, and the reservoir is deep.  

Prestack seismic data records subsurface reflections with multiple angles of incidence.  Amplitude variation 

with offset or angle (AVO/AVA) is a familiar tool that has been used for direct detection of hydrocarbons in 

exploration and development for decades and depends on contrasts in shear velocity (VS), compressional 

velocity (VP), and density (ρ) of the layers. Reservoirs filled with different fluids often possess different ranges 
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of compressional velocities, shear velocities, leading to anomalous AVO behaviour. The AVO behaviour can 

be modelled using Zoeppritz equations. There are several linearized forms of Zoeppritz equations which are 

very useful while modeling AVO behaviour. 

Elastic impedance 

The concept of modeling coupled with PP seismic data is used in prestack simultaneous inversion to retrieve 

elastic properties (P-impedance, S-impedance (or VP/VS) and density) through the impedance inversion 

process. Prestack simultaneous inversion is relatively time consuming and requires resources. Connolly (1999) 

introduced the concept of elastic impedance (EI) inversion as the generalization of acoustic impedance for 

the variable angles of incidence. EI allows the well data to be tied directly to the high-angle seismic, which 

can then be calibrated and inverted, just like post stack inversion, without reference to the relative offsets.  

Usually, with increasing depth, sand-shale crossover (velocity in shallow, unconsolidated sands are lower than 

that in associated shales, and vice versa in deep consolidated sequences) rises significantly in acoustic 

Impedance, making it challenging to discriminate sands and shales from P-wave data alone (Gonzalez et al., 

2004). On the contrary, impedance at far angles gives additional information that may help in addressing 

uncertainty in delineating the reservoir properties. Hence the shale baseline determination is relatively more 

convenient using elastic impedance, leading to a good contrast between sand and shale at deeper formations. 

As stated above, EI is a function of P-wave velocity, S-wave velocity, and density and the relationship between 

them was formulated by Connolly, 1999 as follows 

 

𝐸𝐼(𝜃) =  𝑉𝑃
(1+𝑡𝑎𝑛2𝜃) ∗ 𝑉𝑆

(−8𝐾𝑠𝑖𝑛2𝜃) ∗ 𝜌(1−4𝐾𝑠𝑖𝑛2𝜃) 

 

where θ is the angle of incidence,  

𝑉𝑃= compressional velocity, 

𝑉𝑆 = shear velocity, 

ρ = density, 

K is the square of average of 𝑉𝑆/𝑉𝑃 over the two layers above and below the interface. 

As the seismic velocities change with the variation in both the elastic properties and other geological 

constraints, K also changes accordingly. One of the essential observations one must make in EI inversion is 

the order of discrimination in AI and EI logs at the pay level. In the current study, EI approach was adopted to 

delineate the low contrast pay sands in the Oligocene formation for better reservoir delineation. 

Case study 

The study area is located in Western Offshore Basin, West Coast of India. Figure 1 shows the study area with tectonic 

map of west coast of India (Singh et al., 2020).  
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Figure 1. Tectonic map of the west coast of India. The study area is indicated with the blue polygon with 

available drilled wells (A to M). 

 

 

Figure 2: A segment of a seismic section showing shallow brine sands and deeper gas pay zones. 
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The objective for the case study was to characterize and decipher the pay sand distribution in the Late 

Oligocene formation. The hydrocarbon bearing channel sands in the area have amplitude bursts with limited 

areal extent.  Late Oligocene formation has stack of sands temporally from shallow to deep. Except shallower 

sands, which are mostly water bearing, all other deeper sands are charged with hydrocarbon (Figure 2). Hence, 

understanding of sand distribution and the fluid content is important to reduce the risk for future exploration. 

Mapping of the pay sands which have a less contrast with the surrounding shale was a challenging task and 

was addressed by adopting the elastic impedance methodology. 

A total 13 vertical wells have been considered for the inversion study. Five rock physics modelled wells with 

shear logs were utilized for estimation of elastic impedance curve. The angle gathers available in the area 

exhibit a range of 5 to 40 degree for the angle of incidence. But in some parts of the seismic survey the angle 

contribution falls below 40 degrees in zone of interest. It was decided to use EI (30o) because of consistent 

angle contribution in this range in the zone of interest. Since 5 to 40-degree angle contribution is available 

on an average in the gather data, prestack inversion may provide better solution in terms of 𝑉𝑃/𝑉𝑆 to 

characterize the reservoir. But elastic impedance study enables to use the partial angle stack and invert for 

elastic impedance at specific angles which fulfils the reservoir characterization objective. This kind of workflow 

is easy, simple and less time consuming.  

 

 

Figure 3. Histogram analysis for sand-A (major pay zone) in Late Oligocene formation. A lowering of EI (30o) 

for gas pay is observed as compared with P-Impedance. 

Why was EI needed? 

Initially feasibility study in terms of a histograms of P-impedance and EI (30o) coloured with facies were carried 

out to assess the efficacy of these properties for reservoir characterization as shown in Figure 3. P-impedance 

histogram indicates that major pay zones have the same impedance range as that of non-reservoirs. Same 

order of discrimination could be achieved using 𝑉𝑃/𝑉𝑆 but generation of 𝑉𝑃/𝑉𝑆 requires prestack inversion. 

Based on our feasibility study, it was proposed that estimation of EI will be easier and time efficient. The main 

objective of the project is to generate reservoir property volumes to know the spatial distribution of pay sands 

through big data analytic approach.  
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Methodology 

Elastic impedance inversion was carried out as a supporting tool which helped in characterization of pay sands 

from its surrounding facies with a good confidence. Initially, the elastic impedance logs at different angles 

like EI (10o), EI (20o), EI (30o), and EI (40o) using P-velocity, S-velocity and density logs were generated. Usually, 

elastic impedance at 10 degree is similar to the standard impedance curve. Figure 4 shows the absolute values 

of elastic impedance at different angles varying from near to far angle stacks. The trend is same but absolute 

values are different. At farther angles, the change in EI is more within the pay interval. The EI (40o) value was 

relatively lower than all the impedance curves and seems like a better discriminator. EI inversion is similar to 

that of poststack inversion where the elastic impedance curve and the respective partial angle stacks are used 

for inversion. For elastic impedance study, the availability of noise free seismic data at the desired angle of 

incidence within the zone of interest is of prime importance. In this study the partial angle stacks at respective 

angles were generated. After detailed analysis, EI (30o) was found to be optimum for the elastic impedance 

inversion for pay sands discrimination as EI (40o) far angle stack was found to have poor S/N, and also has 

some angle limitations within the zone of interest (Figure-5).  

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 4. Comparison of acoustic and 

elastic impedance logs at pay sand-A. 

The EI at gas bearing zone was clearly 

captured with impedance variations at 

far angles as EI (300) and EI (400) have 

relatively lower range as compared to ZP. 
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Figure 5: Comparison of partial seismic stack sections along a crossline at different angles of incidence 

showing data consistency. Poor signal-to-noise ratio is observed at far angle stack (lower right section). 

 

 

 

 

 

Figure 6: Segments of crossline 
(4503) section extracted from 
the inverted acoustic 
impedance (left) and elastic 
impedance (right) volumes 
passing through producing 
well-M. The interpreted 
lithofacies curve is overlaid on 
both sections showing contrast 
with surrounding facies at pay 
level as seen in the highlighted 
areas. 
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Figure 7: Horizon slice close to sand-A (+30ms window) from EI (30o) (left), and P-Impedance (right) volumes 

showing spatial distribution of reservoir properties, which is correlatable with the regional understanding of 

the subsurface geology. 

EI (30o) log is broadly similar in appearance to the acoustic-impedance log, but the absolute value decreases 

as the angle of incidence increases. Comparison of P-impedances from poststack deterministic inversion as 

well as one from elastic impedance inversion along a seismic profile (crossline-4503) passing through well-M 

is shown in Figure-6. Elastic impedance shows better contrast with respect to the background for pay sand-

A. This enables a convenient mapping of the pay sands. The same observation is supported with horizon slices 

extracted from P-Impedance and EI (30o) volumes and generated close to the pay zone (Sand-A+30ms 

window). The major producing wells are seen to fall in the lower range of elastic impedance, whereas the 

acoustic impedance slice does not show any significant pattern in the pay facies distribution (Figure-7).  

Finally, it may be mentioned that the elastic impedance approach for characterization of deeper pay sands as 

demonstrated here is effective when the seismic data quality is good, with long offsets or large angles of 

incidence are available. Integration of this result with knowledge of subsurface geology helped understand 

the spatial distribution of sand-A pay in the study area. 

Conclusions 

In the present study, reservoir mapping of the pay sands only on the basis of P-Impedance was difficult. EI 

inversion helped in mapping the pay sands with reasonable confidence. Reservoir facies delineation is 

relatively more straightforward with EI if sufficient angles are available in the seismic data. EI inversion 
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combined with conventional deterministic inversion may supplement each other to characterize and delineate 

complex reservoirs.  
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