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Summary 

 

The South and South West of Mumbai High block 

(SSWMH) is located at Western Offshore Basin, 

India (Fig 1). Hydrocarbon exploration in SSWMH 

block was targeted to delineate wedge-out prospects 

of Panna, Bassein and Mukta Formations, which has 

led to the discovery of WO-5 field (1992) and WO-

15 field (1995). Exploratory efforts are in focus to 

identify new areas using recently acquired broadband 

3D Seismic data and new well data, so there was a 

need to build a robust integrated velocity model. The 

main aim of this study was to bring out understanding 

of velocity variations in the block, reduce depth 

uncertainties which is a challenge in this field and 

provide robust depth maps for exploration prospect 

identification and de-risking entrapment. 

 

 
Fig 1: Location map 

 

 

Introduction 

Geology & stratigraphy 

The Mumbai Offshore basin evolved as a peri-

cratonic rifted - passive margin basin formed by the 

separation of Seychelles continent from the Indian 

Craton and located on the continental shelf off the 

Indian west coast (Biswas S.K., 1987) during Late 

Cretaceous period.  

 Synrift stage (late Cretaceous to Paleocene): 

Characterized by half grabens and filled in by 

thick pile of clastic sediments (Rift-fill). 

 Thermal subsidence stage (late Paleocene to early 

Miocene): Characterized by wide spread marine 

transgression and formation of extensive carbonate 

platform.  

 Westerly tilt and establishment of shelf slope 

system (early Miocene to recent): Structural 

inversion (post middle Miocene) and renewed 

spreading along the Carlsberg ridge. 

This study focuses on Panna Clastics that comprises 

of rift fill sediments of Early Eocene to Paleocene 

age. It is thick in graben areas and wedges out to 

basement horst. 

 
Fig 2: General stratigraphy of basin with key 

formations of interest highlighted in orange 

(modified after Zutshi, P.L.) 
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Data Availability 

 3D PSDM Seismic velocity volume covering an 

area of 2600 sq.km is available, out of which 1050 

sq.km area, which lie in the northern part of the 

Seismic survey is used for this study. 

 Well data containing VSP/Checkshot data, Sonic 

and Density logs. 

 Time relief maps prepared for the seismic 

reflectors corresponding to Middle Miocene LII, 

Early Miocene LIII, Early Miocene L1V, Late 

Oligocene H3CGG, Late Oligocene LVI, Late 

Eocene H3B, Early Eocene EEOC & Late 

Cretaceous to Early Paleocene H5 Basement top. 

 Well tops (LII, LIII, L1V, H3CGG, LVI, H3B, 

H4/EEOC, H5). 

 

Key Challenges 

 

The main challenge was to reduce depth uncertainty 

which was found to be consistently high as per the 

previous velocity model in the block. Also, for 

velocity model improvement it was key to capture rift 

fill sediment wedge outs and rapid increase in Panna 

sediment thickness towards South in the velocity 

model. Third challenge was to capture lateral and 

vertical velocity variations in the block. 

 

Methodology & Workflow 

 
Fig 3 : Workflow for Velocity model 

 

Data QC and Correction 

 

The block contained 7 wells having VSP or 

checkshot data, 17 wells having sonic or density log 

or shared checkshot from neighboring analogous 

wells (Fig 4). As first step of QC, an average velocity 

– TWT cross plot of all VSP/Checkshot data was 

made and outliers were removed. Then, Seismic-

well-tie was performed for 24 wells. Reliable 

Seismic-well-ties were achieved by providing 

moderate (up to 10ms) bulk shift and small stretch-

squeeze of synthetic seismogram. Reliable match was 

obtained between Seismic data and synthetic 

seismogram. 

 

Mismatch between well tops and surface time was 

QC’d thoroughly and wherever there existed 

mismatch between them, well tops or seismic 

interpretation or well ties were revisited. Well tops 

with high error which couldn’t be resolved was not 

used for some wells.  

 

Finally, wells were identified for velocity model such 

that they are distributed across field and with good 

well ties. 

 
 Fig 4 : Basemap showing categorization of wells 

 

Velocity layer identification 

The average velocity and TWT output from seismic-

well-tie studies were cross plotted (Fig 5). Any 

change in gradient of the data were identified and 

these served as important layers for velocity 

modelling. It was seen that post seismic well tie, the 

average velocity-TWT relationship were well-

ordered. Key horizons interpreted in 3D-Seismic data 

and gridded were also used to build the model. 

 

3D-grid for control of sedimentary wedge and 

velocity 

 

The area consists of basement horst and graben, with 

Panna (EEOC) and Bassein (H3B) formations 
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truncating against basement highs. Subsequent 

formations were deposited in the entire area draping 

the below horizons (Fig 6). To accurately model 

these sedimentary wedge-outs and velocity variation 

in them, key horizons were interpreted in 3D-seismic 

data with wedge out geometry. A grid was generated 

with 50x50 m increment. Interpreted horizons with 

wedge out geometry and other draping horizons were 

modelled in the grid as per their stratal terminations 

(e.g. conformable, follow base etc.). Following this, 

each horizon was sub-divided into multiple fine 

layers to increase the vertical resolution of the grid 

(Fig 7). 

 

 

 
Fig 5: Average velocity – TWT cross plot showing 

change in gradient 

 

 
Fig 6: Seismic section showing interpreted seismic 

horizons and sedimentary wedge out features. 

 
Fig 7 : 3D-Velocity grid capturing lateral and vertical 

velocity variation, especially across wedge-out areas. 

 

Various methods of velocity modelling attempted 

 

a) Well data populated in 3D-grid:  

Average velocity that was obtained as output from 

Seismic-well-tie study for each well were 

converted to log and then upscaled to the 3D-grid 

using arithmetic averaging method. Average 

velocity property was populated throughout the 

grid using moving average algorithm. 

 

b) PSDM Seismic data in 3D-grid:  

The PSDM Seismic average velocity data was re-

sampled into the 3D-grid using arithmetic 

averaging method. Since, this was a PSDM 

velocity volume, so it was already calibrated to 

well average velocities and well tops.  This re-

sampled PSDM average velocity volume was 

used directly to convert the time surfaces to depth.  

 

c) Well data populated in 3D-grid with trend of 

Seismic velocity data:  

The upscaled average velocity data in wells (as 

described in method (a)) were gridded with 

moving average algorithm and using trend of 

PSDM seismic average velocity data.   

 

d) Combined velocity model:  

It was observed that a single method of velocity 

model was not holding good to obtain residual 

error within acceptable (lower) limits. To address 

this challenge, a combine methodology was 

attempted in which time-depth function were 

extracted for wells which showed low residual 

error in above method (c). These extracted time-

depth functions were incorporated in wells which 
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were showing high residual error in method (a). 

Wells with these new time-depth functions were 

again upscaled into the 3D-grid and similar steps 

were executed as described in method (a). 

 

Populated average velocity properties obtained from 

above 4 methods were given as an input for velocity 

modeling for all horizons below LIII. Constant 

velocities of 1500 m/s was given for water column 

and 1850 m/s was given for sea bed to L-II. Depth 

conversion of H5 was performed using these 4  

velocity models. Residual errors were computed 

between H5 depth converted surface and H5 well top 

for all 4 methods. 

 

Results 

 

Figure 9 to 12 shows comparison of depth error 

values for each method of velocity modelling.  

a) Well based velocity model shows moderately 

good depth match except for points A, B, C, F 

where the depth error is greater than ± 30 m. 

b) PSDM Seismic average velocity based model 

shows very poor depth match in the entire block 

(e.g. points A to W) with depth error spreading 

from -120m to +60m. 

c) Velocity model using well data and trend of 

Seismic data shows moderately good depth match 

in the entire block except for SE corner of the 

block where depth error range between +70m to -

7m at points F, X, Y, Z. 

d) Combined velocity model produces excellent 

depth match with most frequently occuring depth 

error reducing to 0m to 10m, and spread of depth 

error being between -40m to +50m (point F & 

Y).  

 

Time structure map around area D shows formation 

of a structural nose. However, in depth map the 

structure loses its prominence. The is possibly due to 

the presence of  higher PSDM seismic velocities 

above H5 horizon which causes the H5 time surface 

to pull-up and form a structural nose. However, in 

depth map the structure loses its prominence, as the 

velocity model was corrected using well VSP that 

was acquired later on (Fig 8 a, b, c). 

 
Fig 8a : H5 Time structure map showing structural 

nose around area D. 

 
Fig 8b: Average velocity map showing velocity pull 

up around area D. 

 

 
Fig 8c : H5 Depth structure map showing structural 

low around area D. 
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Fig 9: H5 Depth map with residual depth error 

generated from Velocity model using only wells. 

 

 
Fig 11: H5 Depth map with residual depth error 

generated from Velocity model using wells and trend 

of velocity from seismic data. 

 

Conclusions 

 

Geometry of sedimentary wedge and other 

sedimentary layers were captured by making a 

50x50m 3D-grid with interpreted horizons modelled 

in the grid as per their stratal termination. Fine 

layering within the interpreted horizons were 

introduced to capture properly vertical resolution of 

the grid and hence velocity variations. 

 

Integrated velocity modeling helped to reduce depth 

error significantly which is a challenge in this area. It 

was observed that a single method of velocity model 

was not providing optimal depth match in the whole 

area. Applying time-depth function extracted from  

 
Fig 10: H5 Depth map with residual depth error 

generated from Velocity model using PSDM Seismic 

average velocity. 

 
Fig 12: H5 Depth map with residual depth error 

generated from combined Velocity model. 

 

velocity model using wells and trend of  velocity 

from seismic data, into the final combined model, 

helped to reduce the depth error significantly and 

produce a robust velocity model. 

The spread of depth error for H5 horizon in the 

current integrated combined velocity model is 

between -40m to +50m, as compared to -120m to 

+60m in the model using PSDM velocity. The final 

integrated combined velocity model is showing most 

frequently occurring depth error for H5 horizon in the 

range of 0m to +10m, as compared to -60m to -40m 

in the model using PSDM velocity. Thus, depth 

uncertainties are significantly reduced in the 

integrated combined velocity model. 

 

The reversal of structure in area D is due to higher 

PSDM Seismic velocities in the overburden of H5 
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horizon that causes the H5 time surface to pull-up 

and form a structural nose. However, in depth map 

the structure loses its prominence owing to corrected 

well VSP that was acquired after acquisition of 

PSDM Seismic data. 

Figure 13 show residual errors for all wells in study 

area for stratigraphic levels L-III, H3CGG, H3B and 

H4. Errors for these levels are also within optimal 

range. 

In addition to reducing depth uncertanities, another 

advantage of such an integrated model is that the 

model can be easily updated with addition of new 

wells  drilled in the area in future.  
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