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Summary 

 

Seismic characterization of carbonate reservoir is 

challenging, mainly because carbonates constantly 

undergo physical, chemical and biological changes 

during sedimentation and post depositional digenesis, 

causing significant heterogeneities in rock properties. 

3D Broadband seismic data has been acquired in the 

study area located in Western Offshore Basin to 

obtain high-resolution imaging. The advantage of 

inversion of the broadband seismic is that data itself 

contains low frequency information to 2 Hz which 

provides the luxury of doing away with well log 

interpolated low frequency model which is often too 

simplistic and error prone. In this study three 

approaches have been attempted to generate the 

Initial P-impedance Low Frequency model (LFM) to 

compare relative effectiveness of these approaches in 

inversion results. However, these need to be 

supported by other studies from strati-structural 

interpretation and geological concepts. 

 

Introduction 

 

An area of about 4000 sq.km has been considered to 

carry out reservoir characterization. Newly acquired 

broadband seismic PSDM stack scaled to time, 

interval velocity, interpreted horizons and well log 

data of around 27 wells are the input for this study 

(Fig1). Main features of interest include wedge out 

prospects of Paleocene-Early Eocene Panna, Middle 

Eocene Bassein and Oligocene Mukta Formations, 

pays within Miocene sequence. 

 

 

Figure 1: Base Map showing area of interest along with the wells 

used for inversion. 

 

Data QC for all the inputs were carried out before 

taking up post stack inversion. Detailed rock physics 

analysis have been carried out to have an 

understanding of the likely anomaly for hydrocarbon 

bearing sediments. 

 

The input seismic stack is having a bandwidth of 

approximately 2-90Hz (Fig2) which indicates that 

data itself contains low frequency information, which 

provides the luxury of getting rid of well logs and 

avoid the perils of simplistic interpolation for model 

building utilizing the full advantage of broadband 

seismic. The ultra-low frequencies (<2.5 Hz), are 

obtained from the seismic velocities. This makes it 

feasible to carryout fully seismic driven inversion 

providing impedance volume for Quantitative 

Interpretation. However in order to have a bench 

mark three approaches have been attempted to 

generate the Initial P-impedance Low Frequency 

model (LFM). To incorporate the contribution of low 

frequencies a long wavelet is required to be extracted 

in place of conventional wavelet, broadband seismic 

wavelet estimation procedure has been adopted.  

 

 

Figure 2: Amplitude Spectrum shows that the seismic data 

bandwidth (-12dB scale) is around 2-90Hz 
 

However, like all seismic derived attributes, none of 

these methods are self-sufficient for reservoir 

characterization and need to be analysed in 

integration with other studies. Depending upon the 

quality of available seismic and well data the 

application workflow may vary.  
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Method 

 

Wavelet Estimation: The input data is having a low 

frequency content upto 2Hz, which requires a 

wavelet of minimum 500ms length. This would mean 

that the well log length over which the wavelet is 

estimated should be of around 1500ms in order to 

incorporate the low frequency content of the data. 

This length of log data is rarely available and hence 

wavelet error is introduced. Seismic and well logs are 

less likely to match consistently over a long interval. 

Broadband wavelet estimation procedure has been 

followed to overcome these issues.  

 

Conventional wavelet estimation has been performed 

by correlating well log reflectivity to seismic of 27 

wells using a time window three times the wavelet 

length. Multi well wavelet has been extracted using 

conventional bandlimited seismic method (Fig3). 

Broadband Statistical wavelet of 500ms length was 

extracted from a time window of 1500ms 

incorporating the zone of interest so as to capture 

contribution of the low frequency also (Fig3). The 

phase and amplitude spectrum of the Multi well 

wavelet and broadband statistical wavelet has been 

compared. The phase of multi-well wavelet has been 

merged in statistical wavelet within the frequency 

range of multi-well wavelet and final broadband 

wavelet has been created after extrapolating the phase 

spectrum of the broadband statistical wavelet at lower 

and higher frequencies (Fig4). Figures 5 and 6 show 

seismic to synthetic correlation of Well-O and Well-

Y using Final Broadband wavelet. 

 

 

Figure 3: Multi-well wavelet estimated from Seismic considering 

all wells within zone of interest. Statistical wavelet of length 

500ms has been extracted from the seismic from a window with 

the zone of interest in center so as to capture the low frequency 

content. 

 

 

 

Figure 4: A) Comparison between Multi-well wavelet, Statistical 

Wavelet and Final Broadband Wavelet. B) Final Broadband 

wavelet. 

 

 

Figure 5: Well to seismic tie of Well-O using Final Broadband 

wavelet. 

 

 

Figure 6: Well to seismic tie of Well-Y using Final Broadband 

Wavelet. 

 

Initial Low Frequency P-impedance Model: The 

advantage of the broadband seismic is that data itself 

contains low frequency information to 2 Hz which 

provides the option not to use well logs and avoid the 

perils of simplistic interpolation for model building. 

In this study three approaches have been attempted to 
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generate the Initial P-impedance Low Frequency 

model (LFM) to compare relative effectiveness of 

each one of them. 

1) Conventional P-impedance well log interpolation: 

Model of P-impedance was generated by 

interpolation of well logs by inverse distance square 

method within Zone of Interest i.e., Horizon-XY to 

Horizon-ZY (Fig7). 

 

 

Figure 7: Initial Model along RC line passing through 6 wells 

generated using conventional Well Log interpolation method 

 

2) Ultra Low Frequency P-impedance Model using 

Seismic Interval Velocity. Seismic interval velocity 

provided in depth was converted in time (Fig8). 

Scatter correction and smoothing have been done to 

condition interval velocity and compared it at well 

locations with log derived P-velocity after High-cut 

filtering at 3Hz. Good match is observed at all 

locations (Fig9). Crossplot of P-velocity versus P-

impedance logs gives a linear regression fit which 

has been used to generate P-impedance volume 

(Fig10 & 11). This P-impedance model is further 

scaled to well log P-impedance and high cut filtered 

at 3Hz to generate an ultra-low frequency P-

impedance model within zone of interest (Fig12). 

 

 

Figure 8: Display showing Interval Velocity along RC line passing 

through 6 wells. 

 

 

Figure 9: Log view showing the comparison between P-Velocity 

log (Highcut 3Hz) and Pseudo-Pvelocity extracted at 6 well 

location showing a similar trend.  

 

Figure 10: Crossplot of P-Velocity log versus P-Impedance log 

showing a linear regression fit which has been used to generate P-

impedance volume from Interval Velocity volume. 

 

 

Figure 11: Section display showing Ultra Low frequency P-

impedance along RC line passing through 6 wells generated using 

Interval Velocity. 
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Figure 12: Section display showing Ultra Low Frequency P-

impedance model along RC line passing through 6 wells after 

scaling and high cut at 3Hz. 

 

3) Merged P-impedance Low Frequency Model. 

Model of P-impedance was created after merging the 

ultra-low frequency derived from seismic interval 

velocity and P-impedance model generated after well 

log interpolation within Zone of Interest (Fig13). 

 

 

Figure 13: Inversion Result along RC line passing through 6 wells 

with P-impedance logs (filtered at seismic band) overlaid, using 

low frequency model created after merging the interval velocity 

derived model and well log interpolated P-impedance model. 

 

Constrained Sparse Spike Post-stack Inversion 

and Results: Three different impedance volumes 

were generated using the Final wavelet and above 

three initial P-impedance models as inputs. 

Comparison of inverted results from three approaches 

with actual well logs (filtered to seismic band) show 

very good match at well locations confirming the 

validity of the inversion outputs (Fig14). Section 

display of the inversion results from the above three 

approaches are shown in Figures 15 to 17. 
 

 

Figure 14: Log Display showing P-Impedance log (High cut at 

80Hz) vs inverted P-impedance at 6 well locations 

 

 

Figure 15: Inversion Result along RC line passing through 6 wells 

with P-impedance logs (filtered at seismic band) overlaid. 

 

 

Figure 16: Inversion Result along RC line passing through 6 wells 

using ultra low frequency P-impedance model from interval 

velocity with P-impedance logs (filtered at seismic band) overlaid. 
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Figure 17: Inversion Result along RC line passing through 6 wells 

with P-impedance logs (filtered at seismic band) overlaid, using 

low frequency model created after merging the interval velocity 

derived model and well log interpolated P-impedance model. 

 

Mean P-impedance slices has been generated from 

Inverted P-impedance volumes for different time 

windows: a) 8ms below Horizon-YY plus 50ms, b) 

window of 60ms below at Horizon-ZY & c) window 

of 16ms above Horizon-ZZ. Figures 18 to 20 show a 

comparison between the mean P-impedance slices 

generated from inversion results from three different 

approaches. It is evident from the inversion results 

that the seismic velocity driven output is validated at 

the well locations and also conforms to the lateral sub 

surface impedance variations. This implies that 

particularly for broadband seismic data, seismic 

velocity guided inversion should be the way forward 

unlike conventional well log interpolation based 

inversion. 

 

 

Figure 18: Display show a comparison between Mean P-

impedance slices for a time window of 8ms below Horizon-YY 

plus 50ms generated from inverted P-impedance volumes using 

three different approaches. 

 

 

Figure 19: Display show a comparison between Mean P-

impedance slices for a time window of 60ms below Horizon-ZY 

generated from inverted P-impedance volumes using three 

different approaches. 

 

Figure 20: Display show a comparison between Mean P-

impedance slices for a time window of 16ms above Horizon-ZZ 

generated from inverted P-impedance volumes using three 

different approaches. 

 

 

Conclusions 

 

In this particular case, it is recommended to use the 

seismic velocity to generate ultra-low frequency 

model for inversion, which does not include well data 

interpolated model so as to avoid the perils of 

simplistic interpolation, if any, and utilize the full 

advantage of broadband seismic. 

 

As the broadband seismic data contains frequency 

band extended in low and high end, it is in obvious 

advantageous state compared to conventional band 

limited seismic as far as inversion is concerned. 

Comparison of inversion results using three different 

low frequency models (LFM) evidently indicates that 
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results of inversion with simply seismic data and 

seismic velocity derived LFM is no way inferior to 

conventional approaches with the added advantage of 

not incorporating simplistic, non-geologic LFM 

conventionally obtained for well log interpolation. 

Due to several other uncertainties involved in this 

kind of analysis, it is however recommended to 

combine this with the results of regular interpretation 

studies and geological concept to substantiate the 

prospects and to make it more robust. 
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