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ECLIPSE* reservoir simulation software 



Joint Flow-Geomechanical Modeling 

6 VISAGE* reservoir geomechanics modeling software 



Integration of Seismic Inversion Results 
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Seismic porosity is extrapolated 
throughout the cube and co-kriged 

with well log porosity resulting in log 
scale heterogeneity superposed on 

the seismic inversion results. 

A seismic porosity cube was computed 
using acoustic impedance inversion 

followed by a rock physics transform. 
This has low frequency content 

compared to log scale. 

CCS1 

CCS1 

Seismic Extent 



Dynamic Model 
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● Covers 20 × 20 mile 
● 500 ft Eau Claire,  

1,500 ft Mt. Simon,  
30 ft Pre-Mt. Simon 

● 146 × 146 × 148 grid  
● Lateral cell dimensions vary 

between 50 ft to 1,500 ft 
● Vertical cell dimensions vary 

between 3 ft to 90 ft 



Hydrodynamic and Mechanical Geologic Features 

Impacting Flow 
●  Geologic features which present barriers to hydrodynamic flow.  
●  For example, fault movement may result clay smear on a fault plane.  
●  Can cause pressure build-up. 
Impacting Mechanical Behavior 
●  Geologic features which present localized modification (strengthening or wakening)  

of mechanical integrity.  
●  For example,  an existing fault or fracture zone may present a pre-existing zone  

of mechanical weakness. 
Combinations 
●  A geologic feature, such as a stratigraphic drape or fault may or may not impact  

both flow or mechanical behavior.  
●  For example, a fracture zone may not have clay smear and may not be a hydraulic 

barrier, but may present a zone of pre-existing mechanical weakness.  
●  Conversely, a fault may have clay smear and impede hydrodynamic flow,  

but may be mechanically stable under the in-situ stress/pore pressure.   
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Impact of Geologic Features on Flow simulation 

Mechanical features not visible on 
seismic data may be inferred from 
the distribution of microseismic 
observations. 
 
Hypothetical faults were inferred 
from microseismic clusters and 
input to the flow simulator as flow 
barriers. 
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Calibration – Westbay Pressures 
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WB3 

WB4 

WB7 

WB8 

Westbay* multilevel groundwater characterization and monitoring system 



CO2 Plume, Microseismic Events  
and Pressure Pulse Development 
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Dec 2011 

 50 psi front 
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CO2 Plume, Microseismic Events  
and Pressure Pulse Development 
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Mar 2012 
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CO2 Plume, Microseismic Events  
and Pressure Pulse Development 
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Jun 2012 
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CO2 Plume, Microseismic Events  
and Pressure Pulse Development 
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Sep 2012 
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CO2 Plume, Microseismic Events  
and Pressure Pulse Development 
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Dec 2012 

3,000 ft 3,000 ft 

 50 psi front 
100 psi front 
150 psi front 
200 psi front 



Geomechanical Sampling and Analyses 

Geomechanical sampling that has been performed; 
●  Sidewall and whole core 
● Wireline petrophysical and geomechanical logging 
● MDT* modular formation dynamics tester mini-frac test 
 
Analyses that have been performed; 
● Core Triaxial Stress 
● Core Multi-Stress Anisotropy 
● Core Ultrasonic Velocities 
●  Sonic Scanner* acoustic scanning platform mechanical property  

and anisotropy analysis 
● Mini-frac minimum horizontal stress determination. 
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The results of these data analyses were integrated  
to create a Mechanical Earth Model (MEM) for each well. 



CCS1: Elastic Properties 

Static Young’s Modulus 
Ymesta=0.88*Ymedyn -0.958 

Static Poisson’s ratio 
PRsta=PRdyn-0.06 

Rock Clay Support  
Correlations 

Static Young’s Modulus 
Ymesta=0.88*Ymedyn -0.958 

Static Poisson’s ratio 
PRsta=0.5*PRdyn 

Rock Grain Support 
Correlations 



Mechanical Property Propagation  
Using Seismic Inversion 
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Mt. Simon Model Grid Construction and Embedding 
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Grid properties 
976,752 cells 
76x68x189 (I,J,K) 
~13 miles - cube 
 

3D seismic  
volume 

Reservoir  
simulation  
model extent 



Rock Displacement with Injection 
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Summary 

● The workflow includes tight integration of geologic, reservoir,  
and geomechanical models. 

● Each of these individual components is quantitatively  
conditioned/calibrated to surface and borehole data. 

● Dynamic processes such as fluid flow and mechanical behavior  
may be influenced by the presence of geologic features. 

● The presence of hydrodynamic features (seals) may be inferred  
from pressure monitoring data. 

● The presence of mechanical features may be inferred from  
microseismic activity 

● The result of the workflow is a coupled flow-mechanical process model 
which may be used to forecast injection induced rock stresses and strains.  
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