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Summary 

Identification of areas of bypassed oil is quite difficult task 

but a solution to such an important problem becomes 

imperative now a days. An integrated approach using PP-

PS pre-stack joint inversion outputs incorporating well data 

was applied to identify zones of bypassed oil in LIII-A2VII 

pay of Mumbai High area. PSTM gathers in PP and PS 

domains were used as inputs for PP-PS pre-stack joint 

inversion.  Before running the inversion process, both the 

input gathers were conditioned by applying various 

processes for flatness of events at higher offsets, to 

compensate local event variations, de-multiple, random 

noise attenuation etc. Finally, gathers were converted into 

angle domain restricting the angle upto 40 degrees as 

optimized for zone of interest. The inverted volumes so 

generated are the outcome of inversion process where 

effect of earth as well as contribution of noise are 

minimized. Maps of P-impedance, S-impedance, Vp/Vs 

and Density were generated for A2VII pay level of LIII 

reservoir by selecting suitable windows. These Maps were 

analyzed for presence of hydrocarbons using suitable cut-

offs optimised through cross plots of the logs and 

corresponding attributes at well locations. Pre-stack joint 

inversion results especially Vp/Vs volume helped to 

understand and predict reservoir properties especially in L-

III reservoir. 

To carry out detailed study of presence of bypassed oil, 

inverted volumes alone were not sufficient. An integrated 

approach was adopted based on collaborative evidences 

drawn from reservoir performance analysis, animation of 

production data and joint inversion data along with seismic 

driven petrophysical parameters models.  

Introduction 

With the advent of multi-component seismic technology, 

the study of PP and PS joint inversion has become 

increasingly common in the industry. One of the most 

important outputs is Vp/Vs ratio. It is an important quantity 

for reservoir characterization. The present study pertains to 

60 SK Mumbai High offshore area as shown in Fig.1. PP & 

PS PSTM gathers from 4C-3D OBN seismic data of 12.5m 

X 12.5m bin size having 182 nominal fold were used as 

inputs to pre-stack joint inversion. In the study area, there 

were DSI logs only at three well locations-one in a 

horizontal well (so it could not be used in inversion process 

due to software limitation), other in well OBN-5 and the 

third one in well OBN-4. DSI log in well OBN-5 was 

recorded only at L-III reservoir zone and in OBN-4, DSI 

was recorded from below L-IV top up to the Basement. 

Thus the event matching in PP & PS domains was possible 

only at these two well locations for L-III top and Basement 

top respectively by well to seismic tie. However L-II top 

was also correlated and used in the inversion. For that 

pseudo s-wave log was generated using Castagna’s 

equation with proper coefficients for slope and the constant 

part suitable for the area of study. For event registration for 

entire volume, horizon correlations in PP as well as PS 

domains were carried out through reflection event 

matching.  

Due to natural filtering effect of earth, a good range of low 

frequencies are attenuated in seismic.  To recover those 

frequencies, low frequency models of P-impedance, S-

impedance, Vp/Vs ratio etc were generated to carry out 

joint inversion with constraints restricted to the 

corresponding values found at the well locations. 

Methodology 

The multi-attribute analysis of sparse data such as 

production data as well as petro-physical parameters like 

effective porosity, water saturation and volume of clay with 

the horizon slices of inversion outputs extracted at A2VII 

sub level of LIII reservoir helped in finding out the best 

suitable attribute to be used to interpolate the sparse data 

throughout the area of interest by the process of collocated 

cokrigging method. The Stratigraphy of LIII reservoir 

encountered at well OBN-3 is tabulated in Table-1. Around 

109 wells, having processed logs were used in this study. 

As theory suggests that covariance between the estimates 

and the actual data is correct for cokrigging but the 

variance is too small. Simulation process on the other hand 

shows the variability and can show the outliers and extreme 

possibilities that are still consistent with the hard data. 
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Simulations therefore can be thought of as restoring the 

variance lost through co-krigging.

 
Table-1: Stratigraphy of LIII reservoir encountered at well OBN-3. 

 

Considerable amount of variability in water saturation was 

observed as compared to effective porosity and V-clay 

attributes. Therefore, simulation map was generated for 

water saturation only whereas for other attributes 

cokrigging maps were used. By using suitable cut-offs to 

various attribute maps such as oil production map, water 

saturation map, Vp/Vs map, prospective zones for bypassed 

oil were identified. The prospects so identified are well 

within the limits of effective porosity as well as volume of 

clay. 

 

In order to carry out PP-PS joint inversion in the study area, 

two wells having DSI logs and three non-DSI wells having 

P-sonic log, available in the area, were taken into 

consideration. 

 
Fig.1: Base map showing locations of wells 

 

S-sonic were generated at three non-DSI well locations 

namely OBN-1, OBN-2 and OBN-3. There are various 

 
Fig.02: Crossplot between P-sonic & S-sonic recorded at well 

location OBN-5. 

 

processes to generate S-sonic such as using empirical 

relations, multi-attribute analysis through log suits and rock 

physics. In the present study, empirical relation like 

Castagna’s Equation Vs = aVp+b was used. Here the slope  

‘a’ and constant ‘b’ were extracted from the crossplot 

drawn between recorded P-sonic and S-sonic velocities at 

well location OBN-5 (figure-02). The values of coefficients 

are a = 0.456901, b =189.306. Using these coefficients     

S-sonic was generated at other well locations too where it 

was not available (Figure-03). As seismic volume, pre-

stack conditioned migrated gathers in angle domain were 

used to run the inversion process. 

 

On the basis of well to seismic tie in PP domain, mainly 

three horizons that were close to L-II top, L-III top and 

Basement top, were correlated. Those PP horizons when 

displayed in PS seismic in PP domain, matched with the 

respective markers only at the well locations. This 

 
Figure-03: Log display of generated S-sonic along with other log 

suits at well location OBN-3. 
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indicated that the Vp/Vs ratio was changing laterally and 

only one well was not adequate to match the data. 

Therefore, well to seismic ties in other four well locations 

was carried out. It helped in tracking the corresponding 

correct horizons laterally on the PS seismic (Fig. 4). The 

 
Fig.4: Inline sections passing through the well OBN-4 showing the 

Event matching in PP and PS domain. 

 

horizons picked in PP & PS domain were ensured to match 

the corresponding events at the well locations as well as 

away from the well locations over the entire volume of 

interest. Consequently, it helped in determining the spatial 

variations in Vp/Vs ratio. 

A multi attribute analysis was carried out between seismic 

data including inversion outputs and horizon with well data 

such as reservoir parameters and production data 

separately. In most of the cases Vp/Vs attribute was found 

to be more consistent with the well data in terms of 

correlation factor. Seismic data were used as slices 

extracted from corresponding attributes at A2VII pay level. 

Vp/Vs map at A2VII pay level is shown in Fig.5. The trend 

 
Fig.5:Vp/Vs map at A2VII pay level. 

 

of best fitted attribute was taken to interpolate the well data 

in between well locations by collocated cokrigging method. 

Therefore the maps of effective porosity and volume of 

clay were generated at A2VII pay level (Fig. 6 to 7). 

Seismic full fold coverage area has been shown by the blue 

coloured rectangular polygon. Time Structure contours at 

an interval of 10 ms are overlaid on the maps. 

 

The simulation map generated for water saturation is shown 

in Fig.8.  

 
Fig.6: Effective Porosity map at A2VII pay level. 

 

 
Fig.7: V-clay map at A2VII pay level. 

 
Cross-plots with different combination of inversion 

attributes from log data suggested that the hydrocarbon 

bearing reservoir facies within LIII pays had following 

range of values. 

P-impedance : 6500-7200 (m/s*g/cc) 

S-impedance : 3150-3500 (m/s*g/cc) 

Vp/Vs   : 1.77-1.94 

Density  : 2.12-2.24 g/cc 
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Fig.8: Water Saturation map at A2VII pay level. 

 

Discussions   

 
It has been observed that the reservoir facies have definite 

impact on seismic response. But, sometimes it is not 

possible to use them directly to analyze reservoir in micro 

level. In the present study, seismic inversion outputs mainly 

Vp/Vs attribute has been used indirectly to extract reservoir 

parameters maps at pay level as shown above. The presence 

of hydrocarbon at reservoir zones have definite range of 

values of reservoir parameters like seismic attributes have. 

Our aim is not to find out the extent of the reservoir facies 

using those limits but applying more stringent range of 

values to find out the zones within the reservoir facies 

 
Fig.9: Bypassed oil prospective map at A2VII pay level shown by 

the polygons. 

 

having prospects of residual oil or the bypassed oil. A map 

of water saturation using cut-off range 0 to 75% was 

created. Then another map of cumulative oil production 

 
Fig.10: Bypassed oil zones overlaid on water saturation map at 

A2VII pay level. 

 

with cut-off range of 0.04 to 50 MMT was created. A 

common zone was extracted. This zone was finally further 

restricted by using the cut-off map of Vp/Vs map using the 

range of 1.77 to 1.89. The zone was further modified by 

avoiding the narrow areas evolved in between wells. Thus a 

prospective map of bypassed oil was produced as shown in 

Fig.09. Prospects zones have also been overlaid on the 

attribute maps used in the process with respective cut-off 

ranges (Figs.10 to 11). The prospective zones were well 

falling within the good effective porosity range of more 

than 20% (Fig.12) and less than 10% of vclay except at 

right most corner of south-east part. In that part it was 

falling in the range of around 15 % (Fig.13).  

An attempt has been made to find the zones of bypassed oil 

using multi-component data incorporating available well 

data in the area. 
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  Fig.11: Bypassed oil zones overlaid on Vp/Vs map at A2VII pay 

level. 

  

 
Fig.12: Bypassed oil zones overlaid on effective porosity map at 

A2VII pay level. 

 

 
  Fig.13: Bypassed oil zones overlaid on V-clay  map at A2VII pay 

level. 

 
Conclusions  

 

• PP-PS pre-stack joint inversion was found to be 

fruitful in deriving the petrophysical parameters 

in the area of interest.  

• Methodology adopted in this case integrating PP 

& PS joint inversion results incorporating well 

data in the area helped in identification of 

bypassed oil zones at A2VII pay of L-III 

reservoir in Mumbai High field. 

• The method can be further refined and applied for 

such study at other sub levels of L-III reservoir.  

• Present PP-PS pre-stack joint inversion has been 

found as an effective tool for reservoir 

characterization and placement of development 

wells.  
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