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INTRODUCTION 

The Regional Initiative to Accelerate Carbon Capture, Utilization, and 
Storage (CCUS) Deployment is supporting the Office of Fossil Energy and 
Carbon Management’s (FECM) mission to help the United States meet its 
need for secure, affordable, and environmentally sound fossil energy 
supplies. The U.S. Department of Energy’s National Energy Technology 
Laboratory (DOE-NETL) has been developing methods and tools (the 
online Carbon Dioxide Storage prospeCtive Resource Estimation Excel 
aNalysis (CO2-SCREEN) tool) to estimate carbon dioxide (CO2) storage 
potential in subsurface reservoirs. 
   In this study scCO2 was injected over the course of 30 years into brine-
saturated heterogenous reservoir models for clastics, limestone, and 
dolomite lithologies and Deltaic Fluvial, Aeolian, Shallow Marine, and Reef 
depositional environments.
  The CO2 storage efficiency terms are served as inputs in that tool to 
calculate storage potential in a targeted reservoir. Volumetric 
displacement (EV) and microscopic displacement (Ed) were simulated using 
TOUGH3. The first term deals with efficiency of CO2 propagation into an 
accessible reservoir volume, while the second term evaluates 
effectiveness of native fluid displacement with CO2. The CO2 storage 
efficiency factors were evaluated dynamically at select time points using 
P10-P90 percentiles.

CO2BRA experimental relative permeability data is directly 
used in reservoir simulations for a corresponding model 

of select lithology and depositional environment
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SUMMARY
1. The heterogenous reservoir models mimicking various lithology and depositional environments were created using well logs and 

core sample measurements of corresponding formations.
2. The geostatistical approach was used to generate up to 9 realizations of porosity and coupled permeability fields for reservoir 

models.
3. CO2BRA relative permeability database was utilized for reservoir simulation using select lithology and depositional environment. 
4. There is a strong effect of the reservoir parameters and injection rate on the volumetric efficiency, while microscopic efficiency is 

less influenced as it is evident by narrow ranges of P10-P90 values for Ed compared to corresponding ranges for EV. 
5. The heterogenous reservoir models using high porosity and permeability had the lowest volumetric efficiency. That was attributed 

to dominance of buoyancy forces leading to poor utilization of reservoir volume by the plume. For other heterogenous reservoirs 
the higher contribution of capillary forces results in better EV values (expressed through P10 and P90 values).

6. Tight reservoirs with low permeability and porosity demonstrate higher EV and Ed, implying more efficient volume and pore 
network utilization. In other words, higher efficiency factors do not mean more CO2 can be placed in a formation, rather that the 
available volume and pore space will be more fully filled. A low porosity reservoir with a high efficiency factor might hold less CO2 
than a high porosity reservoir with a low efficiency factor.

7. New time-dependent volumetric and microscopic efficiency factors are incorporated into CO2-SCREEN tool that now provides a 
capability to tailor storage efficiency to select lithology and depositional environment.

SALINE METHODOLOGY EQUATIONS

𝐺𝐶𝑂2
= Athgϕtρ 𝐸saline

Idealistic CO2 mass stored in total pore volume

where 𝑨𝒕, 𝒉𝒈,  𝒕,  are the areal size of the formation, the thickness of 
the formation, total porosity, and CO2 density (estimated at average 
pressure and temperature of the storage formation), respectively. 

𝐸𝑠𝑎𝑙𝑖𝑛𝑒 = 𝐸𝐴𝐸ℎ𝐸𝜙𝐸𝑉𝐸𝑑 

The storage efficiency (𝐸𝑠𝑎𝑙𝑖𝑛𝑒) term reduces the estimation of stored CO2 
mass at a specific site to accommodate the complexities of the geologic 

factors and fundamental processes associated with injection, and storage.

Log-odds Stochastic approach
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where 𝑬𝑨, 𝑬𝒉, and 𝑬𝝓 are the fraction of the geologic area, thickness, 

and porosity accessible for CO2 storage, respectively; 
𝑬𝑽 is the volumetric displacement efficiency, represents the fraction of 
reservoir volume accessed by CO2 plume; 
𝑬𝒅 is the microscopic displacement efficiency, is the fraction of water 
displaced by CO2.

P10 P90

10% of values 10% of values

𝑬𝑽 =
𝑉𝑖

𝑨𝒉𝜙 1 − 𝑆𝑤𝑖𝑟𝑟

=
𝑄𝑖𝑡

𝑨𝒉𝜙𝜌 1 − 𝑆𝑤𝑖𝑟𝑟

Simulation-based 𝑬𝑽 and 𝑬𝒅 efficiency terms

𝑉𝑖 , 𝑄𝑖  , 𝑡, 𝑆𝑤𝑖𝑟𝑟
 are  volume of injected scCO2; mass flowrate, 

injection time, and irreducible water saturation.

𝑬𝒅 = 1 − 𝑆𝑤𝑎𝑣𝑒
= 𝑆𝐶𝑂2𝑎𝑣𝑒

𝑆𝑤𝑎𝑣𝑒
 and 𝑆𝐶𝑂2𝑎𝑣𝑒

 are the average water and scCO2 

saturations within a CO2 plume. 

Minimum-area-circle approach to determine 
the accessible volume around the CO2 
injection well. The area of the dashed circle 

(A), enclosing the propagating CO2 plume 

area (top view) is multiplied by the height (h) 
of the plume (side view) to determine the 
accessible volume.

𝑬𝑽 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲: 𝐫𝐞𝐬𝐞𝐫𝐯𝐨𝐢𝐫 𝐬𝐜𝐚𝐥𝐞 𝑬𝒅 𝐞𝐟𝐟𝐢𝐜𝐢𝐞𝐧𝐜𝐲: 𝐩𝐨𝐫𝐞 𝐬𝐜𝐚𝐥𝐞

Cyan color: non-wetting invasion 
phase (scCO2); 
White color: mobile wetting 
phase (brine);
Blue color: trapped (irreducible 
and capillary bound) water. 

A key reservoir parameters, initial 
conditions, and injection scenarios 

CO2BRA relative permeability for CO2-brine drainage

CO2 displacing brine

Formation and CO2BRA sample names corresponding to similar lithology and depositional environments, 
and CO2BRA sample porosity, permeability (md), and parameters of relative permeability curves
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Coupling CO2BRA and TOUGH3 using a lookup table Reservoir modeling 
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CO2 Saturation Sandstone: Aeolian
P = 27.6 MPa

T = 93 °C

Kavg = 214 mD

Bo = 2.60

Sandstone: Shallow Marine
P = 27.6 MPa

T = 88 °C

Kavg = 8 mD

Bo = 0.10

Sandstone: Fluvial
P = 27.6 MPa

T = 96 °C

Kavg = 67 mD

Bo = 0.93

Carbonate: Shallow Marine Dolomite
P = 27.6 MPa

T = 96 °C

Kavg = 7 mD

Bo = 0.07

Carbonate: Reef Limestone
P = 27.6 MPa

T = 96 °C

Kavg = 16 mD

Bo = 0.20

CO2 plume propagation in heterogenous 
reservoir models after 30 years of injection

𝑬𝑽 and 𝑬𝒅 efficiencies after 30 years of CO2 injection in 
reservoir models of various lithology and 

depositional environments

Calculating Prospective Storage – CO2-SCREEN Tool

Sandstone: 
• Shallow Marine (Mt. Simon)
• Fluvial (Cranfield)
• Aeolian (Broom Creek)

Limestone:
• Reef (Duperow) 

Dolomite:
• Shallow Marine (Bass Island)

CO2BRA Database
CO2 Brine Relative Permeability Accessible Database

https://edx.netl.doe.gov/dataset/co2_brine_relative_permeability_database

https://edx.netl.doe.gov/dataset/co2-screen

Reservoir models 

Porosity

Permeability (mD)

Geostatistical porosity and permeability distributions 
(top) and well logs for a sandstone/marine formation 

(bottom)
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