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Purpose

• Assess the fraction of pore-space that can be 
used for storage of CO2

• Identify reservoir engineering strategies to 
maximize the capacity and security of 
storage reservoirs



Some Factors Controlling the 
Capacity of Storage Reservoirs



Approach

Well Penetration
End Injection Period

0.00

0.05

0.10

0.15

0.20

0.25

0.30

0.35

Upper Quarter Upper Half Full Lower Half Lower Quarter

Dissolved
Mobile
Immobile
Total
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Stochastic Model Construction

• Input: Schematic 
representation for 
three depositional 
settings

• Output: multiple 
realizations for each 
depositional setting

• TProGS preserves 
extent, orientation, 
and juxtaposition of 
facies

Model Developed with 
Cooperation of TBEG



Geological Model Specifications
• 1 km by 1 km by 100 m thick
• Top and bottom boundaries 

closed
• Lateral boundaries constant 

pressure (open)
• Permeability and porosity 

distribution represents a 
fluvial-deltaic geology, created 
stochastically

• Grid resolution
– Lateral 50 m
– Vertical 1 to 11 m (depends on 

lithology, 3 grid layers per 
geologic layer) 



Model Properties

• P0 = 188 bars, T0 = 78oC, Salinity 100,000 ppm
• Characteristic curves

– Slr=0.30, Sgrmax=0.25
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Processes Modeled with TOUGH2

• Two-phase system
– Native brine is wetting phase
– Injected supercritical CO2 is non-wetting 

phase
• Fluid flow modeled with multi-phase 

extension of Darcy’s law
• Hysteretic relative permeability and 

capillary pressure functions describe 
interaction between phases

• CO2 partially dissolves in brine 
according to Henry’s Law

• Isothermal simulations

Hysteritic Capillary Pressure and  Relative 
Permeability Curves Used by TOUGH2



Base Case

• Single vertical injection well located in 
middle of model

• Penetrates the entire formation thickness
• Constant injection rate of 1800 T/day (0.66 

Mt/year) for 20 years
• Rest for 30 years



Full Penetration (Base Case)



Lower Half Penetration



Upper Half Penetration



Well Far from Shale Gap



Well Near Shale Gap



Horizontal Well at Top



Horizontal Well at Mid-Depth



Horizontal Well at Bottom



Low-Permeability Sand



High-Permeability Sand



Pulsed Injection



Multiple Wells



Base Case Mass Balance
(fractional display used for bar graphs)
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Well Location
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Horizontal Well
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Pulsed Injection
Time-Dependent Injection
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Multiple Wells
Multiple Wells
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Overall Comparison (End of Injection)

All Parameters
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Capacity Optimization
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Capacity After Rest Period
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Fraction of CO2 Immobilized and 
Dissolved 30 Years After Injection Stops
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Conclusions
• Storage capacity

– Base case ~ 8% of maximum capacity
– Lower permeability ~ 22% of maximum capacity
– Higher permeability ~ 4% of maximum capacity

• Capacity optimization
– Inject at the bottom of the storage formation
– Avoid known short circuits to the top of the storage formation
– Horizontal wells can improve pore volume utilization
– Intermittent injection may improve capacity

• Rate of immobilization and dissolution
– Average of 94% immobilization in 30 years after injection stops

• Caveats
– Conclusions are specific to the model system studied here

• Capacity and storage security can be optimized
– More work is needed in this promising area




