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(US EPA)

Post-injection site care and site closure
40 CFR § 146.93

• Follows injection phase 
• Continues until non-endangerment of  

USDWs can be demonstrated
• Default period of  50 years
• Alternative PISC periods can be justified

• Site-specific testing and monitoring 
activities required according to 
approved plan 
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Non-endangerment
Definition
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Non-endangerment
• 40 CFR § 146.93 – PISC and closure
• Non-endangerment demonstrations are:

• project-specific 
• based on monitoring and other data 
• show that no additional monitoring is needed to 

guarantee the protection of  USDWs.

• Information and conditions required for non-
endangerment justified in PISC plan

Definition
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Risk-based containment demonstration
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• Leakage risk and potential impact volume increase during injection 
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Risk-based containment demonstration
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• Leakage risk and potential impact volume increase during injection 
• Reservoir uncertainty decreases and cumulative probability of  leak detection increases 
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Risk-based containment demonstration
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Closure Decision

• Leakage risk and potential impact volume increase during injection 
• Reservoir uncertainty decreases and cumulative probability of  leak detection increases
• Closure decision is made when leakage risks and the cumulative probability of  leak 
detection are deemed to be acceptable

Closure Decision
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Non-endangerment demonstration

Site 
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Site 
characterization 

& operational 
scenario 
selection

A priori site 
performance 

and risk 
assessment

Iterative performance and risk assessment

Area of 
Review

Leakage Risk 
Quantification 

Monitoring 
Design & 

Performance

Evaluate Post-
Injection Closure 

Alternatives

(Mitigation 
Design & 

Evaluation)

Reservoir 
Concordance/ 
Conformance 

Evaluation

Non-endangerment demonstration

Injection &

post-injection

Pre-injection



12

Site 
characterization 

& operational 
scenario 
selection

A priori site 
performance 

and risk 
assessment

Iterative performance and risk assessment

Area of 
Review

Leakage Risk 
Quantification 

Monitoring 
Design & 

Performance

Evaluate Post-
Injection Closure 

Alternatives

(Mitigation 
Design & 

Evaluation)

Reservoir 
Concordance/ 
Conformance 

Evaluation

Non-endangerment demonstration

Site closure

Yes

No

Non-
endangerment 
demonstration

Injection &

post-injection

Pre-injection



13

Keys to demonstrating non-endangerment

1. Site selection / characterization
2. History matching / conformance 
3. Pressure decline and stability
4. Containment demonstration

For Class VI wells

(Van Voorhees, 2019)
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Keys to demonstrating non-endangerment

1. Site selection / characterization
2. History matching / conformance 
3. Pressure decline and stability
4. Containment demonstration

For Class VI wells

(Harp et al., 2019)

Monitoring 
for 1 yr

Monitoring 
for 7 yrs
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Keys to demonstrating non-endangerment

1. Site selection / characterization
2. History matching / conformance 
3. Pressure decline and stability
4. Containment demonstration

For Class VI wells Size of CO2 Plume

Size of Pressure Plume

Pressure at a Location

(Bromhal et al., 2014)
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Keys to demonstrating non-endangerment

1. Site selection / characterization
2. History matching / conformance 
3. Pressure decline and stability
4. Containment demonstration

For Class VI wells
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• Site characterization data and 
modeling from Class VI permit 
application for FutureGen 2.0

• Determine risk-based PISC period 
using NRAP tools

Greenfield case study
FutureGen 2.0 

(Bacon et al., 2019)
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• 1.1 Mt injection of  CO2 into the 1,240 m deep Mt. 
Simon sandstone.

• Default 50-year PISC for the permit application.

Class VI permit
Greenfield case study
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• 1.1 Mt injection of  CO2 into the 1,240 m deep Mt. 
Simon sandstone.

• Default 50-year PISC for the permit application.
• Did not account for:

• Stabilization of  CO2 plume 2 years post-injection
• Rapid reservoir pressure decline post-injection

Class VI permit
Greenfield case study
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• 1.1 Mt injection of  CO2 into the 1,240 m deep Mt. 
Simon sandstone.

• Default 50-year PISC for the permit application.
• Did not account for:

• Stabilization of  CO2 plume 2 years post-injection
• Rapid reservoir pressure decline post-injection

• Study approach:
• Characterize leakage risks along injection and stratigraphic 

wells at the site using NRAP Open-IAM
• Use DREAM to optimize well monitoring network
• Demonstrate containment and non-endangerment to 

determine a risk-based PISC period

Class VI permit
Greenfield case study
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• Open-source integrated assessment is a system model used for 
modeling leakage risk at GCS sites

NRAP-Open-IAM



23

NRAP Open-IAM Model
Overview

Thief zone

Thief zone

ACZ

USDW

Reservoir lookup table
Includes pressure and 

saturation information from 
high-fidelity reservoir model

Multisegmented (ROM)
Calculates CO2 and brine 

leakage along faulty well with 
leakage into USDW and thief 

zones

Aquifer component (ROM) 
Uses monitoring detection 

thresholds to determine 
impact plume size and leak 

detection

Open-IAM

High-fidelity 
reservoir 

simulations

Leakage risk 
determination

(Bacon et al., 2019)
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• Majority of  leakage risk to 
USDWs occurred during injection

• 98% of  leaks detected during 
injection period

• The final 2% detected within first 
3 years of  PISC period

• A 10 year PISC period would 
reduce the default period by 40 
years and save $50M

Greenfield case study results
Risk-based PISC period

(Bacon et al., 2019)



25

Brownfield case study
Kimberlina • Hypothetical basin-scale injection of  250 Mt of  

CO2 over 50-year period 
• 1,000 legacy wells penetrate storage reservoir
• Characterize well leakage risk
• Assess ability to manage leakage risks at site 
during injection and after injection

(Lackey et al., 2019)
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Brownfield case study
Management scenarios
• Well attribute data from CalGEM
• Calculated well-specific leakage risk 
score (Duguid et al., 2017).

• NRAP Open-IAM
• Application of  well inspection and 
remediation strategy

• Risk-based
• Distance-based
• Hybrid

(Lackey et al., 2019)
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Open-IAM model
Hypothetical Kimberlina GCS stie

Reservoir lookup table
Includes pressure and 

saturation information from 
high-fidelity reservoir model

Multisegmented (ROM)
Calculates CO2 and brine 

leakage along faulty well with 
leakage into USDW and thief 

zones

Leakage risk 
determination

Reservoir simulations

Open-IAM

(Lackey et al., 2019)

Pressure increase

CO2 plume

Overlap
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Brownfield case study results
Leakage risk management
• Small degree of  leakage even in worst-case scenario 

• 102.1 t (4.08×10−5% of  the 250 Mt of  CO2 injected)
• Well monitoring and remediation reduced leakage in 
all scenarios considered. 

• Risk-based approach most effective with uncertain 
reservoir behavior.

• Increasing PISC period length reduced brine leakage 
but had very little impact on CO2 leakage

(Lackey et al., 2019)
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Summary
• Four keys to demonstrating non-endangerment

1. Site selection / characterization
2. History matching / conformance 
3. Pressure decline and stability
4. Containment demonstration
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Summary
• Four keys to demonstrating non-endangerment

1. Site selection / characterization
2. History matching / conformance 
3. Pressure decline and stability
4. Containment demonstration

• Containment demonstration with the NRAP Open-IAM:
• Characterize leakage risks by stochastically varying uncertain parameters 
• Simulate CO2 plume size and detectability in a shallow aquifer
• Identify time required for leak detection in all possible scenarios
• Explore and understand the benefits of  applying various leakage risk management plans
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Summary
• Four keys to demonstrating non-endangerment

1. Site selection / characterization
2. History matching / conformance 
3. Pressure decline and stability
4. Containment demonstration

• Containment demonstration with the NRAP Open-IAM:
• Characterize leakage risks by stochastically varying uncertain parameters 
• Simulate CO2 plume size and detectability in a shallow aquifer
• Identify time required for leak detection in all possible scenarios
• Explore and understand the benefits of  applying various leakage risk management plans

• Iterative process where predictions are updated and uncertainties in reservoir performance, leakage 
response, potential impacts, and leakage detectability are constrained

• Develop adaptive site monitoring plan and weight the incremental costs of  additional PISC against the 
associated risk and uncertainty benefits.
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