
An Innovative approach to delineate thin pay sands using Pre-stack inversion & QI 

studies – A case study from Saurashtra shallow water block, Western Offshore Basin 

 

Madhukar Singh*, S S Dash, Rakesh Biswas, H.K. Singh 
                                                      Oil and Natural Gas Corporation Ltd. 

 

singh_madhukar@ongc.co.in 

Keywords: Pre-stack Inversion, Geo body extraction 

 

Summary 

Prediction and distribution for thin reservoir sands (4 

to 10m) through seismic reservoir characterization is 

difficult. The observed characteristics might not 

reflect the true characteristics of reservoir but rather 

represent both reservoir and non-reservoir part. In 

order to use the seismic characteristics for locating 

the new exploratory & development wells the 

plausible distribution of reservoir pay sands need to 

be accurately predicted. These late Oligocene sands 

within Daman Formation envisaged to be deposited 

in a distributary channel, tidal channel complexes 

with a bathymetry of 0-10m during regressive phase 

of sea level show significant thickness variation 

throughout the area and serve as potential reservoirs. 

The thicker sands are likely to be deposited within 

axial part of the channel in paleo-low and can form 

potential traps due to subsequent inversion whereas 

thickness and quality of sands is envisaged to 

deteriorate towards the periphery of the channel. This 

paper deals with reservoir characterization and 

prediction of pay sands through Pre-Stack inversion 

study in an area of 1200 skm having 7 wells in which 

only two wells had recorded shear sonic. The shear 

sonic logs for five wells are predicted using RPM 

studies & Emerge. Detailed rock physics analysis and 

angle dependent inversion were carried out to 

develop an understanding for the hydrocarbon 

bearing sands. Rock physics analysis show that P-

impedance alone does not show the discrimination of 

hydrocarbon bearing sands from non-hydrocarbon 

bearing sands while on the basis of Vp/Vs some 

discrimination is observed. For effective prediction of 

pay sands, volume on the basis of cross-plot analysis 

between P-impedance and Vp/Vs was generated and 

the extracted slices on the reservoir level from this 

volume provided a probable distribution of 

hydrocarbon bearing sands. 

Introduction 

The study area lies in shallow waters of Mumbai-

Offshore Basin part of the Western Passive Margin of 

India, covering approx.1250 SKM (Fig.1).  

 
Fig:1 Location & Base Map of the Study Area 

showing area of interest and wells 

There are two major established pays in the area, 

namely DPS-1 (Daman Pay sand-1) and DPS-2 

(Daman Pay Sand-2) along with some additional 

sands. All these pays are of Late Oligocene in age 

belonging to Daman Formation. The main objective 

of this study is to bring out plausible reservoir facies 

distribution, in general and hydrocarbon distribution, 

in particular within various pay zones and delineation 

of its areal extent. The area is very challenging for 

mapping the extension of known thin (<4-10 m) pay 

sands of Daman Formation encountered in wells WL-

1, WL-2, &WL-4, while other wells, WL-3, WL-5, 

and WL-6 drilled in the 3D area are dry. The 

occurrence of hydrocarbon (gas) is confined, mainly 

on strati-structural highs (having mild inversion) 

within sandstone reservoir facies. Thin sandstones are 
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of relatively higher impedance than intervening 

shales and, generally, “hidden” on conventional 3-D 

seismic. Entrapment is dominantly strati-strati-

structural but occurrence of pay sands is very 

uncertain. For better reservoir characterization, Pre- 

stack inversion study was carried out and attributes 

were extracted from Pre- stack volumes (P- 

impedance and Vp/ Vs) and analyzed. Attributes 

from Pre-stack inversion revealed better demarcation 

for spatial-temporal distribution of Daman Pay 

Sands. Based on this inversion results, the proposed 

development locations for WL-1 platform were 

reviewed and optimized.  

Methodology:  

Data conditioning: Good quality of seismic gathers 

are prerequisite to Pre-stack inversion. The three 

important factors affecting the data quality are 

hockey sticks effect, NMO and random noise. In the 

present study all the gathers at regular intervals were 

converted from offset domain to angle domain using 

the RMS velocity (Fig:2). In the zone of interest 

(Daman formation), gathers flattened up to 40 deg 

were observed. The amplitude spectrum of data 

shows the bandwidth at 12 db is 5-88 hz with 

dominant frequency of 18 hz (Fig:3). 

 
          Fig:2 Angle gather along well WL-1 

 

 

        

 

 

 

 

 

 

 

       Fig:3 Amplitude spectrum from Angle stack  

 

Shear sonic Prediction using EMERGE (multi 

attribute regression): 

Out of eight wells Rock physics modeling studies 

was carried out for five wells i.e WL-1, WL-2, WL-3, 

WL-4, WL-6. The actual recorded shear sonic is 

available in two wells only i.e. WL-1 & WL-3. Shear 

sonic log was predicted for two wells i.e well WL-6 

& WL-6A, using multi attribute relationship derived 

in wells WL-1, WL-2, WL-3, WL-4 & WL-6. The 

Shear sonic log was generated only for the Daman 

formation. The 98.5% correlation between predicted 

and actual shear sonic shows a very good match (Fig: 

4). The predicted shear shows very good match with 

recorded shear with respect to reservoir and non-

reservoir. The cross-plot analysis between actual 

shear and predicted shear shows a very good liner 

trend (Fig:5).  

 
Fig:4 Predicted shear overlaid on actual shear log 

 

 
Fig:5 Cross-plot between Actual shear vs Predicted 

Shear 
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Rock Physics Analysis:  

 

The Objective of rock physics analysis is to 

determine the pore-fluid sensitivity to different 

elastic parameters. Assuming the elastic and density 

logs to be properly conditioned and processed, 

analysis through histogram and cross plots were 

carried out to see if the desired separation for 

different litho-fluid types is possible or not. 

In the study area the main producing sands are DPS2 

(Daman pay sand 2) and DPS1(Daman pay sand 1) 

which produced hydrocarbon from well WL-1 (both 

DPS1&DPS2) and WL-2(DPS1), where as the WL-4 

produced hydrocarbon from sand 50, 60 & 25. The 

cross-plot analysis between P-impedance and Vp/Vs 

colored with saturation on the log basis show a very 

good discrimination between pays & non pays (Fig:6) 

 

 
Fig:6 Cross-plot between P-impedance and 

Vp/Vs(log based)  

 
Fig:7 Cross-plot between P-impedance and Vp/Vs 

(logs filter at seismic band) 

 

P-impedance shows a wide range from 5500 to 8500 

where as Vp/Vs is in the range of 1.5-1.7 for the 

hydrocarbon bearing sands. Log based cross-plot 

shows that Vp/Vs is able to clearly discriminate 

hydrocarbon bearing sands whereas only based on P-

impedance it is not possible to discriminate the 

hydrocarbon bearing zone. Red color polygon on the 

cross-plot highlight the hydrocarbon bearing zone on 

the log of individual wells. Black color zones on the 

log highlight the DPS2 and DPS1 sands. 

Hydrocarbon bearing zone of WL-1(DPS1&DPS2), 

WL-2(DPS1) & WL-4(Sand 50, 60 and sand 25) are 

highlighted in the Log based cross-plot.    

The same log is filtered in the seismic band and 

cross-plot of P-impedance and Vp/Vs colored with 

saturation is shown in Fig:7. The red color polygon 

on the cross-plot shows the hydrocarbon bearing zone 

corresponding to the well WL-1. The other 

hydrocarbon bearing zone related to WL-2 & WL-4 

are not clearly discriminated from non-hydrocarbon 

bearing zone. The thickness of DPS1 & DPS2 pay 

sands on WL-1 are 6 & 11 meter whereas the 

thickness of DPS1 pay sand in WL-2 is 2.5 m, which 

is not resolvable when log is filtered to seismic band. 

 

Well to Seismic Tie and Wavelet Extraction  

 

Well to seismic tie for all the 7 wells was done for 

full log length. Full stack generated by stacking all 

the angles available in the gather was used for well to 

seismic tie (Fig:8). Good correlation could be 

established for most of the well using angle 

dependent statistical wavelets. Combined angle 

dependent wavelet (1-8, 8-14, 14-21, 21-27, 27-34, 

34-40) were used for the well to seismic tie for all the 

wells (Fig:9). This combined angle dependent 

wavelet has been used for the Pre-stack inversion. 

 

 
 

Fig:8 Well to Seismic tie of Well WL-1 
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       Fig:9 Statistical Wavelet (Angle Dependent) 

 

Low Frequency Model and Pre-Stack Inversion 

The low frequency (Trend) model of P-impedance, S-

impedance & Density was built by interpolating 

(Inverse distance square method) the correlated well 

logs of the well using interpreted horizons H3CGG, 

Sand10, DPS2, DPS1, & Mahuva. After interpolating 

the well log curves a low pass frequency filter was 

applied which allows all frequency up to 8Hz. An 

arbitrary line passing through all the wells shows the 

low frequency model (Fig 10).  

The Pre-stack inversion algorithm was applied for 

inverting the angle stack using combined angle 

dependent wavelet and low frequency model in the 

zone H3CGG (Daman top)-100ms to H3G (Mahuva).  

A representative section passing through all the wells 

display the inversion output in Fig:11. Comparison of 

inverted results with actual well logs (filtered at 

seismic band) show reasonable match at wells 

location confirming the efficacy of the inversion 

process. 

 
Fig:10 Display showing Low Frequency P-

impedance and S-impedance model along all wells 

 
Fig:11 Display showing inverted P-impedance and S-

impedance along all drilled wells 

QC of Inversion Result: 

For the QC of the inversion results a composite trace 

at well location is extracted from inverted P-

impedance and Vp/Vs volume and it is overlaid on 

the actual P-impedance and Vp/Vs logs. In the zone 

of interest, good match is observed (Fig:12). 

The cross-plot analysis between composite trace 

extracted at well location from inverted P-impedance 

&Vp/Vs volume and actual P-impedance & Vp/Vs 

shows a linear trend (Fig:13).  

 
Fig:12 Log Display showing composite overlain on 

log filtered in seismic bandwidth 

 
Fig:13 Cross plot between inverted and log filtered at 

seismic band. 
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Pre-stack Inversion Result and Conclusion:   

Window based slices are extracted for DPS2 and 

DPS1 sands from the inverted P-impedance and 

Vp/Vs volume. WL-1 which is hydrocarbon bearing 

wells from DPS2 sands show the low Vp/Vs and 

moderate P-impedance (Fig:14 &Fig:15). The slice of 

P-impedance and Vp/Vs with an offset of DPS2 plus 

10 ms with a window of 15 ms show the low 

impedance and high Vp/Vs denoting the shaly area 

whereas eastern part show the high P-impedance and 

low Vp/Vs. One core was cut from the well WL-5 

close to DPS2 and accumulation of ferruginous clay 

stone in the core may be the probable reason for high 

P-impedance in the eastern part of the area. Towards 

eastern part, in wells WL-4 and WL-5 despite of 

sandy facies in DPS1 & DPS2 well is devoid of 

hydrocarbon.  

 
     Fig:14 P-impedance slice from DPS2 sand 

 
     Fig:15 Vp/Vs slice from DPS2 sand 

P-impedance and Vp/Vs Slices are extracted for 

DPS1 sands with a window of DPS1 plus 10 ms.  The 

hydrocarbon bearing well WL-1 shows the moderate 

P-impedance and low Vp/Vs whereas the other well 

WL-2 which is also hydrocarbon bearing from DPS1 

sands show the moderate P-impedance and Vp/Vs 

(Fig:16 &Fig:17). In the well WL-2 out of eight-

meter-thick sand only top 2.5-meter sands is charged 

and this may be the probable reason for getting 

moderate Vp/Vs around the well WL-2. 

 
      Fig:16 P-impedance slice for DPS1 sand 

 
           Fig:17 Vp/Vs slice for DPS1 sand. 

For better reservoir characterization, geo-body is 

extracted from the volume generated based on cross -

plot between inverted P-impedance and Vp/Vs 

coloured with saturation. The highlighted polygon on 

the cross-plot depicts DPS-1 & DPS-2 pay sands  

Fig:18 Cross-plot of composite log extracted at well 

location from inverted P-impedance and Vp/Vs 
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equivalent to well WL-1, however, the cross-section 

display captures some additional zones above DPS-1 

& DPS-2 in wells WL-2, 4 and 6 which are non-

hydrocarbon bearing (Fig:18). So, window based 

geo-body extraction for DPS1 and DPS2 sands are 

useful to mark the extent of probable hydrocarbon 

bearing sands.  

 
Fig:19 Extent of Probable hydrocarbon bearing DPS2 

sands around the well WL-1 

 

 
Fig:20 Extent of Probable hydrocarbon bearing DPS1 

sands 

 

Extracted slice for DPS2 sands are shown in Fig:19, 

in which the green colour represents the non-

reservoir and yellow colour show the probable 

distribution of hydrocarbon bearing sands. The Fig. 

19 clearly depicts the extent of probable hydrocarbon 

bearing zone around the well WL-1.  

Similarly, extracted slice for DPS1 sands, also 

depicts hydrocarbon bearing sand around the well 

WL-1 (Fig:20). Scanty development of pay sand 

around the well WL-2, may be attributed to very less 

pay thickness of ~ 2.5m. Remaining wells fall in 

green colour depicting absence of hydrocarbon in 

conformity with the drilling results. Based on the 

window based geo-body extraction the development 

locations around the WL-1 were optimized and 

prioritized for drilling. 

 

References:  

 

Francis, A-1997, Acoustic impedance inversion 

pitfalls and some fuzzy analysis: The leading 

edge,16,275-278 

 

Singh, S K,2013, Pre stack inversion for Reservoir 

characterization of Jambusar block of western 

offshore basin of India: A case study: SPG 

conference, Kochi 2013 

 

Okeugo, C. G,2018, Application of cross plot and 

pre-stack seismic-based impedance inversion for 

discrimination of lithofacies and fluid prediction in 

an old producing field, Eastern Niger Delta Basin 

 

Hampson Russell Training Manual 

 

Acknowledgements 

 

Authors are thankful to ONGC for permitting to 

publishing work as a technical paper in SPG 2020. 

Author is sincerely thankful to Shri. Pradipta Mishra, 

ED-HOI, GEOPIC for providing opportunity to carry 

out this project. The project would not have been 

completed successfully without coordination of Shri. 

A C Naithani, GGM, Head-INTEG. Authors submit   

their sincere thanks to Dr S K Singh R&D group for 

his valuable suggestions, guidance and support 

during the Project. 

 

The views expressed in this paper are solely those of 

the authors and need not necessarily be that of 

ONGC. 
 

 

 

 

 

 

 

 

 

 

 


