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This presentation was prepared as an account of work sponsored by an agency of the United States 
Government. Neither the United States Government nor any agency thereof, nor any of their 
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, apparatus, product, or process 
disclosed, or represents that its use would not infringe privately owned rights. Reference herein to 
any specific commercial product, process, or service by trade name, trademark, manufacturer, or 
otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by 
the United States Government or any agency thereof. The views and opinions of the presenter do not 
necessarily state or reflect those of the United States Government or any agency thereof.
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Motivation and Objectives

❑ Develop a conceptual & numerical simulation workflow that enables risk assessment of the 
transition of existing Class II CO2-EOR injection wells to Class VI for dedicated CO2 storage.

❑ Conduct numerical simulation of a realistic and practical CO2-EOR field site transitioning.

❑ Develop and test a prototype reduced-order model to forecast CO2, brine, and hydrocarbon 
potential leakage through wells.

❑ Explore influence of scenario responses reservoir that can support stakeholder decision 
makings for Class II to Class VI transition.



Scenario Design

• CO2 interaction with hydrocarbon reservoir: (Scenarios 1, 2, and 3)

• Compared hydrocarbon & saline reservoir conditions (Scenarios 2 & 4)

• Boundary condition impacts (Scenarios 2 & 3 and 4 & 5)
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Injection Rate Profile

Hydrocarbon reservoir case 

Saline reservoir case

• Hydrocarbon reservoir 
condition stores more CO2 
except scenario 1, business-
as-usual (BAU, low CO2 
injection rate)

• Opening all sides boundary 
significantly  impacts on the 
injection (Liu G., et al., 2023)



• Hydrocarbon reservoir 
condition can be injected 
more CO2 except scenario 1, 
BAU

• Opening all sides boundary is 
much significant in saline 
reservoir than hydrocarbon 
reservoir- majorly because of 
fluids flow mechanisms

Cumulative Injection Profile



Mobile CO2 Residual Trapped CO2 

Dissolved CO2 in Water Dissolved CO2 in Oil

• Hydrocarbon 
reservoir does more 
CO2 retention than 
saline reservoir due 
to miscible behaviors 
with CO2 majorly

• Saline reservoir stores 
more CO2 in water 
and residual trapping 
than hydrocarbon 
reservoir because of 
solubility rock-fluid 
interactions



• Pressure and flux 
response in saline 
reservoir is much 
quicker than 
hydrocarbon reservoir

• Major reasons result in 
the differences are the 
miscible flow with CO2 
and compressibility of 
the fluids

Boundary Flux Profile



5 yrs 10 yrs 15 yrs

30 yrs 25 yrs post-injection 50 yrs post-injection

Scenario 2: CO2 Plume Difference by Prior to CO2 Injection (Top view) 

Minimum miscible pressure (MMP) is ~1,850 psi. What happen if reservoir pressure is below and above MMP?



5 yrs 10 yrs 15 yrs

30 yrs 25 yrs post-injection 50 yrs post-injection

Scenario 2: CO2 Plume (Cross-sectional view) 



5 yrs 10 yrs 15 yrs

30 yrs 25 yrs post-injection 50 yrs post-injection

Scenario 2: Pressure Difference Maximum 30 bar, 435 psi (Top view) 



5 yrs 10 yrs 15 yrs

30 yrs 25 yrs post-injection 50 yrs post-injection

Scenario 4: CO2 Plume Difference Prior to CO2 Injection (Top view) 



5 yrs 10 yrs 15 yrs

30 yrs 25 yrs post-injection 50 yrs post-injection

Scenario 4: CO2 Plume (Cross-sectional view) 



5 yrs 10 yrs 15 yrs

30 yrs 25 yrs post-injection 50 yrs post-injection

Scenario 4: Pressure Difference Maximum 85 bar, 1233 psi (Top view) 
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Remarks
• CO2 can be injected more in hydrocarbon reservoir than saline reservoir
• Based on CO2 storage mechanisms, the CO2 is much more interacting with hydrocarbon than 

in the saline reservoir
• Pressure build-up in the hydrocarbon reservoir is lower than in saline reservoir
• However, due to miscible fluid dynamics in hydrocarbon reservoir, there is much larger area of 

review (AOR) than saline reservoir
• Model domain size is adequate to capture CO2 plume extend but not pressure propagation

Net Steps
• Continue analysis to quantify risk profile for scenarios regarding to CO2, brine, and 

hydrocarbon potential leakage, as well as south-side boundary extension
• Summary the conceptual & numerical simulation workflow and enables risk assessment of 

transition to Class VI well.
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