
A NOVEL APPROACH TO BUILD 3D SEISMIC DRIVEN GEOMECHANICAL MODEL FOR 

CARBONATES BASED ON PRE-STACK INVERSION: A CASE STUDY FROM KUTCH AREA, 

WESTERN OFFSHORE BASIN, INDIA 
 

*Deepa, Dr. J Nagaraju, SK Singh, Ashok Soni, Rajeev Tandon, A. Bhardwaj 

GEOPIC, Oil and Natural Gas Corporation of India, Dehradun 

 

Deepa@ongc.co.in 

 

 

Keywords 

 

1D MEM, Pre-stack Inversion, Pore pressure, 3D MEM, Stress tensors, Well-bore stability 

 

Summary 

 

In recent times, reservoir geomechanics has become 

relevant and beneficial in understanding the impact of 

rock elasticity and faulted zones on insitu stress state 

and mitigation of drilling risks. The area of study is 

Kutch offshore area, northern most part of Western 

Offshore basin of India and is prolific hydrocarbon 

bearing, ONGC operates a recently discovered field 

within this basin, where several major discoveries of 

gas wells have been made that are currently in the 

field-development stage. Drilling problems (pack-off, 

cavings, stuck-up & mud loss) have been observed in 

the area. 

A robust 3D Geo-mechanical model utilizing seismic 

data is prepared for well planning, production and 

development of hydrocarbon exploration and for 

improving safety and cost–effectiveness.  

We implemented a comprehensive Geo-mechanical 

analysis including stresses generation through finite 

element simulators predicting the insitu stress state in 

a better way.  

In the study area various challenges were handled 

successfully like Rapid variation in lithology 

(carbonate, sandstone, siltstone, Carbonaceous shale 

and shale), Pore pressure estimation through porosity 

compaction in an environment having both clastics & 

carbonates, Carrying out simulation in a large area 

having around ~1250 skm of area to get mudweight 

cube. Based on the simulated change in effective 

stress the possibility of wellbore stability for planned 

5 development wells was assessed. Also, areas of 

higher and lower risk were identified based on stress 

magnitudes and direction. 

                  

 

 

 

Introduction 

 

Kutch Offshore basin is an east-west oriented 

pericratonic rift basin, located in northern most part 

of Western Offshore basin of India (Figure 1). This 

basin is bounded by the Nagar-Parkar fault in the 

north,  

    

Figure 1a Study area marked on GK Offshore map  

 

Radhanpur-Barmer Arch in the east and the North 

Kathiawar fault in the south. The major faults are 

having NNW-SSE strike (rift related), corresponding 

to Dharwarian grain (Talwani and Gangopadhaya, 

2001) and NE-SW to E-W trending cross-faults, 

which are parallel to Delhi trend (Figure 2,3) 
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Figure 2 Fault pattern in study area (Time structure 

map-Trap top) 

 
Figure 3 Lithostratigraphy of Kutch basin 

 

This study includes building a robust structural 

framework model from seismic data and formation 

tops, 1D MEM comprising of pore pressure, elastic 

properties (Poisson’s ratio, Young’s Modulus), 

strength parameters (unconfined compressive 

strength, tensile strength, friction angle) and in-situ 

stress magnitudes and directions was prepared in four 

key wells based upon comprehensive petro-physical 

evaluation and rock physics modelling in all the nine 

wells. FMI data of four wells were analysed for 

Drilling Induced Tensile Fractures (DITF) and 

breakouts to estimate orientation of minimum & 

maximum horizontal stresses.  

3D Geomechanical analysis for elastic properties & 

strength parameters using pre-stack inversion 

calibrated with 1D log data such as Young’s 

modulus, poisson’s ratio, unconfined compressive 

strength, tensile strength, friction angle and pore 

pressure was done.  

 

Drilling complications of exploratory wells 
 

The study area is showing normal hydrostatic 

pressure regime. Anomalies in MDT data are 

observed in A field, viz., pore pressure of 9.36ppg at 

921m in well A-9 and 10.3ppg at 1896m & 2863.5m 

in well A-12. Also in B field, a maximum of 9.2ppg 

pore pressure at 1302m in well B-4;  pore pressure of 

9.36ppg at 1203m & 9.52ppg at  1247m in well B-6 

are observed.  

Minor drilling complications observed are hole pack-

offs, cavings, stickups, mudloss in wells A-4 (8.5” 

section) & B-2 (12.25” hole) and other few wells 

(Figure 4)The mud weight maintained was 

hydrostatic while drilling. 

 

  
Figure 4 Mud loss zones in well B-4 

 

Method 

 

The area understudy was 1250 sq km and about 19-

33 m deep. Following workflow was adopted: 

(Table 1) 
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Table 1 Workflow adopted for Geomechanical analysis 

  

The structural framework for 3D geomechanical 

model was built. The overburden was constrained 

from sea bed to reservoir level. 10 horizons and 20 

faults were used for the study area (Figure 5 and 6). 

The normal fault environment suggests following 

relationship between insitu stresses Sv>SH>Sh. 

Structural framework was build and converted to 

Depth domain. 

 

Figure 5 Structure Modelling: 20 faults and 10 

horizons 

In the present study complete 1-D MEM for Nine key 
wells was generated. The results of the 1-D MEM 
were validated with MDT, LOT and drilling events. 
(Figure 7). 

 

Figure 6 Structure Modelling: 10 horizons 

 

 
Figure 7 1D MEM Results: Well B-10 Pore pressure, 

Shmin and Shmax in well Elastic & Rock Strength 

properties  

The core samples of ten no’s of wells were 

undergone laboratory measurements The density, Vp 

and Vs were measured in laboratory and have been 

found well matches with recorded log values The 

magnitude of Shmax has been validated through 

stress polygon method in wells where DITF, 

breakouts were available in FMI image logs. Sonic 

scanner data available in few wells also confirmed 

the Shmax direction. The 3D maximum stress 

direction in the area is NE 10-20 ˚ (Figure 8) 
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Figure 8 Stress Direction from Breakout analysis 

through FMI in well B-3 

 

3D MEM 

 

The reservoir model was embedded in a much larger 

grid. It was extended upwards to include the 

overburden formations, upto the seabed (Figure 9) 

 
Figure 9 Embedded Grid which comprises the 

reservoir plus the overburden, underburden and 

sideburden with 34 million cells 

 

 

 

 

Property Modelling  

 

Once the embedded geomechanics grid was ready, 

rock mechanical properties were populated. The 

intact rock material was modeled as an isotropic 

elastic model with Mohr-Coulomb yield criteria. The 

elastic properties (Young’s modulus, density and 

Poisson’s ratio), strength parameters (UCS, tensile 

strength, dilation angle and angle of friction) and 

pore pressure in the reservoir, overburden and 

surrounding formations (sideburden) were populated 

based on the mechanical properties obtained from 1D 

MEMs, guided by seismic pre-stack inversion 

outputs. Conditioned PSTM gathers has been analyzed to 

assess the quality of data for pre-stack inversion. It is 

observed that the gathers were reasonably flat up to 45o and 

suitable for pre-stack inversion. (Figure 10). 

 

 
Figure 10 Modelled Density, Youngs Modulus, 

Poisson ratio, UCS and Friction Angle volumes 

showing in section 

 

3D Pore Pressure (Pp) for the study area 

 

Pore pressure was generated using  

a) PP from function between Veff stress & density for 

water bottom to Jakahu top 

The 1D overburden and 1D pore pressure 

generated at 9 well locations was used to generate the 

1D Vertical Effective Stress, using equation: 
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Symbol Definition 

Pp (z) 
Pore pressure 

Pob (z) 
Overburden pressure 

σeff (z) 
Effective stress 

 

A good correlation was observed at well location 

between 1D Vertical Effective stress (Veff) and 

density. A function between Veff and density was 

derived, based on this correlation at wells. 3D 

Vertical effective stress was calculated using this 

function and density derived from inversion and well 

data. 

 
 

b) PP from Neural Networking for Jakhau top to trap 

top 

For the bottom zone from Jakhau top to Trap top, 

pore pressure by VES method was not matching with 

well data. Neural network approach was used by 

using several parameters like sonic, density, effective 

stress, etc. are used for pore pressure prediction in 

this zone of Jakhau top to Trap top. (Figure 11). 

Hence the pore pressure was combined using both 

methods. 

 

Figure 11 Generated Overburden, VES and Pore-

pressure volumes showing in section 

 

Simulation 

The 3D geomechanical earth model is subjected to 

external far-field horizontal tectonic stresses together 

with an internal vertical gravitational and pore 

pressure loads. 34 million cells were simulated for 

generating stress tensors. 

 
Figure 12 Stress tensors (Maximum horizontal stress 

SHmax and Minimum horizontal stress tensor 

Shmin) generated from 3D MEM for well GK-B-4 

and SHmax tensors showing variation in directions 

 

 
Figure 13 Predicted safe Mud weight window (grey 

color) for the drilled well GK-A-10. Orange line: 
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Breakout, Red line: Pore Pressure, Green line: 

Fracture gradient, Blue line: Breakdown, Pink line: 

SHmax, Dotted black: actual mud weight used, Red 

square LOT points, Blue circles: MDT points 

 

Conclusions 

 

A 3D seismic driven Geomechanical earth model was 

build for the study area. The elastic parameters were 

derived based on 3D prestack inversion providing a 

better control on lateral and vertical heterogeneity, 

overcoming the limitations of 1D based and 3D 

velocity based MEM approach. The stress tensors 

generated using a finite element simulator represents 

the insitu stress state in a more precise way. Based on 

the simulated change in effective stress the possibility 

of wellbore stability for planned 5 development wells 

was assessed. Also, areas of higher and lower risk 

were identified based on stress magnitudes and 

direction (Table 2) 

 

 

Table-2 Risk analysis for the available development 

locations 
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