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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.This knowledge of 

insitu stress and pore pressure is fundamental 

requirement in well planning, production and 

development of hydrocarbon exploration and for 

improving safety and cost–effectiveness. The often 

followed practice for analyzing the stress state is 

through 1D MEMs that are based on offset well 

analysis. But they fail to address several challenges. 

A 3D approach captures the changes in rock elastic 

properties and presence of discontinuities to generate 

a heterogeneous insitu stress state.But 3D MEMs 

based on simple stresskrigingmethods may not 

represent an accurate image of the local 

stresses.Hence stresses generated through finite 

element simulators predict the insitu stress state in a 

better way. This study includes building a structural 

framework model from seismic data and formation 

tops,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, friction angle and pore pressure. These 

elastic properties are governed by 3D 

Prestackseismic inversion,that provides better lateral 

and vertical resolution as compared to simply using 

seismic interval velocity.The magnitude and direction 

of three principle stresses in the reservoir was 

generated utilizing Finite Element simulator. 

The changes in stress and pore pressure in the area 

were studied and validated with known well events. 

The validated 3D seismic driven Geomechanical 

model willhelp in the assessment and screening of 

potential Geomechanical risk areas, optimizing well 

trajectory, predict mud weight cube in the entire area. 

This study was carried out on KGDWN field, KG 

offshore basin which holds reservoirs and large 

amounts of faults that make it more complex than 

other fields in the basin. 

 

Introduction 

 

KGDWN area in deep water of Krishna Godavari 

basin of India has several hydrocarbon discoveries in 

the Plio-Pleistocene section from turbiditic channels 

(Fig.1). 

 

 
 

Fig.1: Area of study, KGDWN 

 

The history of the basin shows that there is problem 

with well-bore stability and proactive pre-planning of 

the well can save millions of dollars. 

The region is characterized by a large scale, 

dominantly growth fault extending down to a flat 

decollemont surface.The normal fault environment 

suggests following relationship between insitu 

stresses Sv>SH>Sh.  

To mitigate the Geomechanical risks full-fledged 

Seismic driven 3D Mechanical earth model was build 

and principal stresses were generated using Finite 

Element simulator. 

 

Study area 
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Methodology 

 

The study was carried out to establish a workflow for 

3D seismic driven Geomechanical analysis. The area 

understudy was 200 sq km and about 4000m deep.  

 

 

 
 

 

Fig.2: Workflow followed to carry out for 3D seismic driven 

Geomechanical analysis  

 

Data collection and audit 

 

Data like pre-stack seismic inversion results, well 

logs, historical drilling information were quality 

checked and corroborated with each other. Relevant 

data and problem zones were identified to better 

guide the 3D MEM model.  

 

1D MEM 

 

Initial 1D MEMs and wellbore stability was 

performed for 4 offset wells based on the quantitative 

representation of the stress state and rock mechanical 

properties. These were calibrated with the actual 

drilling events (Fig.3).  

 

Structural Framework 

 

Guided by well log information and geological 

understanding, 52 faults and 6 horizons were 

interpreted from 3D seismic data in time (Fig.4). 

 
 

Fig.3: 1D MEM for well A showing Young’s Modulus, 

Poisson’s ratio, Density, UCS, Angle of Friction and 1D 

Stresses 

 

A robust velocity model built based on these 

horizons, time-depth relations of multiple wells and 

seismic interval velocity, was used to convert all data 

from time to depth. A reservoir grid was built in 

depth, encompassing the zones of turbiditic channels. 

Grid layering was adjusted to effectively capture the 

elastic property changes as well as to keep an 

optimum number of cells for faster simulation and 

convergence.  This grid had approximately 7 million 

cells.  

 

 

 
 

Fig.4: Structural Framework depicting two horizons, faults 

and four wells used 
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3D MEM 

 

The reservoir model was embedded in a much larger 

grid. It was extended upwards to include the 

overburden formations, upto the seabed. About 40 

layers of underburden and a dozen large sideburden 

cells were also added (Fig.5). The underburden is 

attached to improve the model aspect ratio, and to 

ensure appropriate transfer of stress from the model 

boundaries to the reservoir and overburden during the 

simulations. Sideburden is added to avoid localized 

boundary effects. This ensures that a representative 

stress distribution can be obtained within the 

reservoir, both in the pre-production stress state and 

during the simulated production analyses. In an 

embedded grid, the cell size increases away from the 

reservoir, in geometric progression, to control the 

total number of cells.  

 

Fig.5: EmbeddedGrid which comprises the reservoir plus the  

overburden, underburdenand sideburden 

 

The mechanical behaviour of rock is highly 

dependent on the material and location of 

discontinuities in the vicinity. Therefore, to model the 

detailed behaviour of stress at these places, faults 

were modeled into the grid as equivalent material, 

with properties weaker in strength and lower in 

elastic stiffness than surrounding rocks.  

Property Modeling 

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 and Poisson’s 

ratio), strength parameters (UCS, tensile strength and 

friction angle) 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 (Fig.6). In property modeling, 

the variogram analysis is a very important step. The 

variograms calculated are used by the Geostatistical 

algorithms to make properties in 3 dimensions. These 

zone specific variograms were generated from log 

data and inversion outputs. kriging, with external 

trend was used, for each zone, after variogram 

analysis to extrapolate the mechanical well logs in all 

3D grid cells. Due to lack of log data and inversion 

outputs in the underburden, all properties were 

extrapolated to the model base, guided by linear 

trends.  

 

Properties depending solely on well data or guided by 

low frequency seismic interval velocities, lack lateral 

and vertical resolution and do not capture subtle 

changes, especially at reservoir levels. Stresses 

generated, based on these properties, are a mere 

stress trend. Therefore the use of pre-stack seismic 

inversion outputs like P-velocity, Vp/Vs ratio and 

density to guide the 1D MEMs ensure an improved 

resolution of mechanical properties, which in turn 

generate a heterogeneous stress state.  
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Fig.6: Cross section through Wells A,B,C showing modeled elastic and strength properties along with Pore pressure 

 

 

 

 

 



  
 

Numerical Simulation 

The embedded grid, with discontinuities, rock elastic 

and strength properties and pore pressure was fed 

into a Finite Element simulator for numerical 

calculations of rock stresses and failure.  

 

Stress initialization was simulated based on the 

boundary conditions, using global tectonic stress 

gradient given at the lateral edge of the model, and 

the stress caused by gravity. During grid creation, 

stiff plates were added to the lateral edge of the 

model, which ensured that the gravity and pressure 

boundary conditions were uniformly applied to the 

embedded grid. The vertical pressure resulting from 

the sea water above the model was also considered.  

 

Results 

Principal stress tensors (representing stress 

magnitudes and directions), acting on each grid cell, 

were generated from the numerical simulation. 

 

Fig.7: Maximum horizontal stress (SH) and Minimum 

horizontal stresses (Sh) visualized as tensors along Well A and 

Well B. The SH tensor direction matches with the 1D SH stress 

direction which is NWSE for both the wells 

 

They were validated at the well locations using the 

stresses obtained from 1D MEM and drilling 

information like formation pressure, leak off tests, 

caliper log and tensile fractures (Fig.7). 

Once a good match between 1D stress and 3D 

derived stresses was obtained and the drilling events  

 

Fig.8: Validation of 3D stress  magnitude (black color) with 1D 

stress magnitude (red color) and calibrated with MDT (green 

circle) and LOT (blue triangle) data, showing good match 

between stresses for Pore pressure, SH, Sh and Overburden  

were justified (Fig.8), the boundary parameters were 

finalized and the 3D model was considered a good 

representative of heterogeneous insitu stress state of 

the study area. It was seen that subtle changes in 

stress conditions were also effectively captured in the 

model (Fig.9). 

This model can be used for better understanding of 

the reservoir stresses, assessment of wellbore stability 

and optimization of well trajectory for planned wells. 

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 wells will be 

assessed and well trajectory will be optimized. Also, 

areas of higher and lower risk will be identified based 

on stress magnitudes and direction. 

SH 

Sh 
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Fig.9: Mid Principle Stress tensors showing variations in magnitude and directions, moving from north to south portion of the area. 

Stresses rotate from NESW to NWSE decreasing in the magnitude; Stress rotation at discontinuities (white polygons) is also visible.
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