AREA OF REVIEW AND CORRECTIVE ACTION PLAN
40 CFR 146.84(b) 
INSERT PROJECT NAME
	INSTRUCTIONS
This template provides a suggested outline and recommendations for the Area of Review (AoR) and Corrective Action Plan. While permit applicants must submit a proposed AoR and Corrective Action Plan, and the plan must comply with 40 CFR 146.84, permit applicants are not required to use this template. This template does not substitute for promulgated provisions or regulations, nor is it a regulation itself, and it does not impose legally binding requirements on the U.S. Environmental Protection Agency (EPA), states, or the regulated community. 
Note that references to EPA’s Class VI Rule in the Code of Federal Regulations (CFR) are provided in this template. States with Class VI primacy have requirements that are at least as stringent as EPA’s. If your Class VI well is in a primacy state, consult your permitting authority about any additional requirements for what must be included in the plan. 
In this template, recommendations to meet regulatory requirements appear in red text. These are provided to assist with site- and project-specific plan development. These recommendations are not required elements of the federal Class VI Rule. Please delete the red text and replace the required yellow highlighted text. Similarly, please adjust the example text and tables throughout as necessary (e.g., by adding or removing rows or columns). Appropriate maps, figures, references, etc. should also be included to support the text of the plan. 
Note for all images and maps: Please include high-resolution images (graphics, photos, maps, etc. Consider making figures at least 300 DPI or PPI to ensure readability.) either within the body of the application or separately. Resolution should be adequate to allow readers to zoom in to see distinct features clearly. Maps should also be at a sufficient scale such that features (e.g., legacy wells) can be distinctly labeled and identified without overlapping; maps can exceed 8.5” x 11” in size to accomplish this. Please document the location shown in each image using consistent latitude/longitude coordinates. This applies to images in both plan view and cross section, including but not necessarily limited to model grid, rock properties and regional geologic information, AoR plume and pressure front maps, and maps documenting the locations of other wells within the AoR. 
Remember that pursuant to 40 CFR 146.84(b) of the federal Class VI Rule, the requirement to maintain and implement an approved AoR and Corrective Action Plan is directly enforceable regardless of whether the requirement is a condition of the permit. For more information, see EPA’s Class VI guidance documents at https://www.epa.gov/uic/class-vi-guidance-documents. It is the responsibility of the PERMITTEE (referred to throughout as “the Permittee”) to maintain records of previous revisions to this plan.
Administrative record note: As you review the permit application and attachments, please start compiling the administrative record using the administrative record template. If a final permit is challenged before the Environmental Appeals Board (EAB), the administrative record for the final permit (40 CFR 124.18), or a certified index thereof must be filed with the EAB (40 CFR 124.19(b)(2)). The administrative record closes when the permit is issued. Omit deliberative material. Consult with ORC with questions



Facility Information
Facility name: 	INSERT FACILITY NAME 
INSERT WELL NUMBER
Well location: 	INSERT CITY, COUNTY, STATE 
INSERT LAT/LONG COORDINATES

Pursuant to 40 CFR 146.84, this plan delineates the Area of Review (AoR) and describes the Corrective Action Plan for wells that require corrective action. Delineation of the AoR is one of the key elements of the Class VI Rule, as it helps ensure that Underground Sources of Drinking Water (USDWs) in the region surrounding the INSERT PROJECT NAME (referred to throughout as “the Project” will not be endangered by the injection activity. This attachment functions are as the approved Area of Review and Corrective Action Plan.
The AoR is the region surrounding the Project where USDWs may be endangered by the injection activity. The AoR is delineated using multiphase computational modeling, constructed from a [model name] model that accounts for the site-specific hydrogeology and the physical and chemical properties of all phases of the injected CO2 stream and displaced fluids. The AoR delineation is based on available site characterization, monitoring, and operational data as set forth in 40 CFR 146.84. The methods and approaches for developing this complex multiphase simulation model and delineating the AoR approved for construction, injection, and post-injection site care are detailed below.
Computational Modeling Approach
The method for delineation and modeling approach must comply with 40 CFR 146.84(b) and is described in detail below.
[Recommendations to meet regulatory requirements:
Summarize the conceptual and numerical approach used for AoR modeling and delineation with narrative descriptions and supplemental figures and tables to fulfill the requirement at 40 CFR 146.84(b)(1). Data relevant to these sections should be uploaded to the Geologic Sequestration Data Tool (GSDT). The EPA’s GSDT is a centralized web-based system that receives, stores and manages UIC Class VI permit applications and monitoring and reporting data. 
The summary should include information in all the subsections outlined below. Information should be presented in a way that demonstrates site-specific compliance with the Class VI Rule and thoroughly explains model conceptualization, methodology and implementation in the chosen software package(s). 
Note: Supplemental information such as raw data in a tabular format (e.g., detailed model grid information, porosity, and permeability distributions) should be uploaded directly to the Geologic Sequestration Data Tool (GSDT). Figures and graphics included in the AoR and Corrective Action Plan should be used to supplement narrative descriptions of the modeling approach and results.]
Site Characterization
A detailed regional and local geologic evaluation of the area around the Project was conducted using geological, geophysical, petrophysical, and geochemical data obtained from public literature, licensed data, and site-specific data collected for this Project. These data are described in the following sections.
Local and Regional Geology
This section includes information on the geologic structure and hydrogeologic properties of the proposed storage site and overlying formations, including:
· Maps and cross sections of the AoR (40 CFR 146.82(a)(3)(i));
· The location, orientation, and properties of known or suspected faults and fractures that may transect the confining zone(s) in the AoR and a determination that they would not interfere with containment (40 CFR 146.82(a)(3)(ii)); [Recommendations to meet regulatory requirements: provide any seismic survey images used to identify and characterize faults, along with a discussion of their interpretation. Any confidential information can be marked and will be treated as such. Additionally, include data for and discuss fault transmissivity testing if any faults are present in the AoR.]
· Data on the depth , areal extent, thickness, mineralogy, porosity, permeability, and capillary pressure of the injection and confining zone(s); including geology/facies changes based on field data which may include geologic cores, outcrop data, seismic surveys, well logs, and names and lithologic descriptions (40 CFR 146.82(a)(3)(iii)); [Recommendations to meet regulatory requirements: include well logging and core data (field- and laboratory-based) and a description of facies and any lateral heterogeneity to justify grid design for AoR modeling. For depths, use “below ground surface” (bgs) in relatively flat landscapes. If there is significant topography, it may be preferable to use sea level as a datum. If so, the elevation of sea level should be easily visible on the Y axis.]
· Geomechanical information on fractures, stress, ductility, rock strength, and in situ fluid pressures within the confining zone(s) (40 CFR 146.82(a)(3)(iv));
· Information on the seismic history including the presence and depth of seismic sources and a determination that the seismicity would not interfere with containment (40 CFR 146.82(a)(3)(v)); and
· Geologic and topographic maps and cross sections illustrating regional geology, hydrogeology, and the geologic structure of the local area (40 CFR 146.82(a)(3)(vi));
· A single map showing the INSERT INJECTION WELL NAME or which a Permit is sought and the applicable AoR consistent with 40 CFR 146.84. Within the AoR, the map shows the number or name, and location of all injection wells, producing wells, abandoned wells, plugged wells or dry holes, deep stratigraphic boreholes, State- or EPA-approved subsurface cleanup sites, surface bodies of water, springs, mines (surface and subsurface), quarries, water wells, other pertinent surface features including structures intended for human occupancy, State, Tribal, and Territory boundaries, and roads. (The map should also show faults, if known or suspected). Only information of public record is required to be included on this map (40 CFR 146.82 (a)(2));
[Recommendation to meet regulatory requirements: features, including roads and waterbodies, should be clearly identified and labeled. All wells, including water wells, must have a unique identifier (e.g., API/well number, name, number tied to a table provided in the application) and locational information (e.g., latitude/longitude).
· A tabulation of all wells within the AoR which penetrate the injection or confining zone(s). Such data must include a description of each well's type, construction, date drilled, location, depth, record of plugging and/or completion, and any additional information the Director may require (40 CFR 146.82(a)(4)).
[Recommendations to meet regulatory requirements: At least one map that shows the maximum extents of the plume and pressure front and all wells that penetrate the confining and/or injection zones (if not all wells, regardless of depth). This can be a separate map, or the information can be incorporated into the single map described above. Having this type of map will help in evaluating the proposed locations of testing and monitoring wells, and a version could also be presented that shows proposed monitoring wells.]
· Maps and stratigraphic cross sections indicating the general vertical and lateral limits of all USDWs, water wells and springs within the area of review, their positions relative to the injection zone(s), and the direction of water movement, where known (40 CFR 146.82(a)(5)).
· Baseline geochemical data on subsurface formations, including all USDWs in the AoR (40 CFR 146.82(a)(6)).
[Recommendations to meet regulatory requirements: Ensure that USDWs are identified according to the federal regulations at 40 CFR 146.3 and not by state regulations or other criteria.]  
Porosity and Permeability
[Recommendations to meet regulatory requirements include:
What literature and site-specific data were used to determine the porosity and permeability of the injection and confining zones?
How many samples or data sources were used? What method(s) were used?
What was the spatial distribution of the samples? 
What is the measurement scale – core plug or log-derived?
How do porosity and permeability vary across the unit(s)? How were porosity and permeability distributions determined? 
How will porosity and permeability information collected during pre-operational testing be incorporated into the AoR modeling and delineation?
Do the site-specific data match expectations and/or other regional data collected from within the formation?
Describe how the porosity and permeability were used to generate geostatistical distributions for alternative model realizations.
Associated figures and graphics may include:
Plan view, cross-sectional, and/or 3-D figures showing the porosity or permeability distribution within the model domain.
Bar charts or line charts showing porosity and permeability distributions in various rock layers.] 
Anisotropic variogram showing the directional permeability and preferential flow directions.
Constitutive Relationships and Other Rock Properties
[Recommendations to meet regulatory requirements include:
What constitutive relationships (e.g., liquid saturation vs. capillary pressure) were included in the model? Why were these chosen?
What methods or experiments were used to determine constitutive relationships?
Was rock compressibility included as a model parameter? If so, how was it determined?
If the reservoir is fractured include fracture properties and distributions.
Associated figures and graphics may include:
Graphs showing constitutive relationships for relevant rock types (correlation curves) for each defined constitutive relationship. For example, liquid saturation vs. capillary pressure and relative permeability curves. Relative permeability curves should be formation specific.
Any other graphical presentation of fitted functional forms.]
Fracture Pressure, Fracture Gradient and Critical Pressure
Calculated fracture gradient and maximum injection pressure values are given in Table 1.  
Fracture Pressure and Fracture Gradient
[Recommendations to meet regulatory requirements include:
What types of tests were conducted to determine the fracture pressure and fracture gradient for the injection and confining zones? What procedures were used?
What intervals were tested?
Are the results consistent with the literature/available data from nearby wells?
Will fracture pressure be measured during pre-operational testing? If so, how will that information be incorporated into AoR modeling and delineation?
If the storage zone is shared by multiple Class VI projects, Class I disposal wells and/ or Class II wells, have basin scale effects been taken into account?]
Critical Pressure Calculations
[Recommendations to meet regulatory requirements include:
What method was used to calculate the critical pressure? Cite references.
What are the assumptions used in these calculations?
What parameters were specified as input, and which were calculated?
If there are vertically stacked injection zones, how were critical pressures calculated?
Are there basin scale increases in pressure from multiple Class VI projects, Class I or Class II injection wells?]
[bookmark: _Ref179562344]Table 1. Injection Pressure Details. [Modify the number of wells as needed.]
	Injection Pressure Details
	Injection Well 1
	Injection Well 2

	Fracture gradient (insert units)
	
	

	Maximum injection pressure (90% of fracture pressure) (psi)
	
	

	Elevation corresponding to maximum injection pressure (psi)
	
	

	Elevation at the top of the perforated interval (insert units)
	
	

	Calculated maximum injection pressure at the top of the perforated interval (insert units)
	
	


Model Conceptualization  
Model Background
[Recommendations to meet regulatory requirements include:
What is the model (simulator/simulation software) name, and what author(s)/institution created the model?
For what purpose was this model (simulator/simulation software) developed? Why was it selected for this Project?
What phases are accounted for by the model (simulator/simulation software)?
What methods, equations (including primary equation of state), or relationships does the model rely on? What are the key assumptions? 
What processes were simulated as part of the time dependent CO2 injection simulations (e.g., heat transport, multifluid flow, etc.)? These should match the processes selected in the AoR and Corrective Action module of the GSDT. 
What were the reasons behind the selection of these specific processes? How will these processes inform AoR delineation? 
How might the selection of modeled processes change during AoR reevaluations? If they do change, how will the original model output be compared to subsequent reevaluations?]
Model Domain
Model domain information is summarized in Table 2.
[Recommendations to meet regulatory requirements include:
What is the size of the modeled area?
Was the pressure diffusion length determined and was it compared to the modeled area to determine whether the modeled area is large enough?
What is the grid scaling and how was it chosen (i.e., what data support it)?
Is the grid scaling consistent throughout the geologic units and distance from the injection well?
How was the model domain generated? (For example, describe any software programs used.) 
Associated figures and graphics may include:
Plan view and cross-sectional figures showing the horizontal and vertical extent of the model grid.
Detailed images of any areas of local grid refinement.]
[bookmark: _Ref179563089]Table 2. Model Domain Information.
	Coordinate system
	
	
	

	Horizontal datum
	
	
	

	Coordinate system units
	
	
	

	Zone
	
	
	

	FIPSZONE
	
	ADSZONE
	

	Coordinate of X min
	
	Coordinate of X max
	

	Coordinate of Y min
	
	Coordinate of Y max
	

	Elevation of top of domain
	
	Elevation of bottom of domain
	


[bookmark: _Toc381788725][bookmark: _Toc381812098][bookmark: _Toc381812234][bookmark: _Ref356455194]Boundary Conditions
[Recommendations to meet regulatory requirements include:
What boundary conditions were specified and why?
Provide the technical details and justification about how the boundary conditions were applied.
Reference to supporting field data, if available.
What assumptions were made?
Have other Class VI projects, Class I projects or Class II projects using the same storage zone and potential basin scale effects been taken into account?]
Initial Conditions
Initial conditions for the model are given in Table 3. 
[If parameters are spatially variable, be sure to describe this variability and supplement the description with relevant figures and graphics. Any raw data or detailed tabular data regarding the spatial distribution of initial conditions should be uploaded directly to the GSDT’s AoR and Corrective Action module. Include the brine density and viscosity in the table below.] 
[bookmark: _Ref179396777]Table 3. Initial Conditions.
	Parameter
	Value or Range
	Units
	Depth (ft TVD)a
	Data Source

	Temperature 
	
	°F
	
	Measured

	Formation pressure
	
	psi
	
	Measured

	Storage Formation Fluid density
	
	lb/ft3
	
	Measured

	Storage Formation Salinity
	
	ppm
	
	Measured

	Formation compressibility
	
	1/psi
	
	


a	TVD = total vertical depth.
Operational Information
Details on the injection operation are presented in Table 4. 
[Include a description of operations that are modeled, if multiple stages are planned, when injection starts, and when the well(s) is shut in. Include production wells if they are being used to manage pressure. Operating information and completion interval should be specified for each injection well separately, both in this plan and in the GSDT’s AoR and Corrective Action module.]
[bookmark: _Ref179995861]Table 4. Operating Details for Planned Injection Operation. [Modify the number of wells as needed.]
	Operating Information
	Injection Well 1
	Injection Well 2
	Injection Well 3

	Location 
Latitude
Longitude
	
	
	

	Model coordinates (insert units)
X
Y
	
	
	

	Number of perforated intervals
	
	
	

	Perforated interval (insert units)  
Z top
Z bottom
	
	

	


	Injection tubing diameter (inches)
	
	
	

	Planned injection period
Start
End
	
	
	

	Injection duration (insert units)
	
	
	

	Injection rate (insert units)a (If variable describe in detail)
	
	
	

	Duration (years)
	
	
	

	Daily average injection mass (MT/day)
	
	
	

	Daily maximum injection mass (MT/day)
	
	
	

	Total injection volume and mass (MMT)
	
	
	

	Average injection pressure (psi)
	
	
	

	Maximum injection pressure (psi)
	
	
	


[bookmark: _Toc381788726][bookmark: _Ref381810265][bookmark: _Toc381812099][bookmark: _Toc381812235]a	If the planned injection rates change year to year, add additional rows to reflect this difference, and include an average injection rate per year (or interval if applicable). 
[bookmark: _Ref359241293][bookmark: _Ref359241300][bookmark: _Toc381788729][bookmark: _Ref381809476][bookmark: _Toc381812102][bookmark: _Toc381812238]Computational Modeling Results
Model Calibration and Validation
[Include a description of model calibration and validation of the computational modeling results. Recommendations to meet regulatory requirements include:
What calibration or history-matching has been conducted?
What data sources were used?
How are parameters from Section 1 (Site Characterization) and their distributions incorporated into the AoR model?
If the geological model is upscaled, describe the process and rationale, and likely impact (if any) of the simplification on the results of the AoR model. Upscaling may include input functions being simplified (e.g. ignoring hysteresis, simplified capillary pressure curves), or physical processes or data are omitted (e.g. using an incompressible or isothermal model, simplifying over/underburden geology) to create a tractable AoR model,
What sensitivities are considered in the AoR model? Are any key uncertainties identified during modeling? How will these be addressed through pre-conditional testing (if applicable)? 
What methods were used for sensitivity analysis? Why were these methods selected?
Was the calibrated model verified with site specific pressure fall-off or pre-injection data? 
Associated figures and graphics may include:
Initial condition of the model: e.g. snapshot maps of initial reservoir pressure and location of the gas / water contact (if applicable).
History matching to available well data (if applicable).
Tabulated ranges for uncertain parameters including minimum, base case, and maximum parameters and type of statistical distribution (if applicable).]
Predictions of System Behavior
The computational modeling predicts, using existing site characterization, monitoring and operational data, the projected lateral and vertical migration of the carbon dioxide plume and formation fluids in the subsurface from the commencement of injection activities until the plume movement ceases, until pressure differentials sufficient to cause the movement of injected fluids or formation fluids into a USDW are no longer present, or until the end of a fixed time period as determined by the Director (40 CFR 146.84 (c)(1)).
The computational modeling is based on detailed geologic data collected to characterize the injection zone(s), confining zone(s) and any additional zone(s); and anticipated operating data, including injection pressures, rates, and total volumes over the proposed life of the geologic sequestration project (40 CFR 146.84 (c)(1)(i)). It takes into account any geologic heterogeneities, other discontinuities, data quality, and their possible impact on model predictions (40 CFR 146.84 (c)(1)(ii)); and considers potential migration through faults, fractures, and artificial penetrations (40 CFR 146.84 (c)(1)(iii)).
[Note: Modeling results should be presented both as time-series data and as snapshots. Time-series data should be provided for specific locations (e.g., injection and monitoring wells) over the lifetime of the Project, and snapshot data should be provided for the entire model domain at specific times (e.g., at one year, five years, thirty years, etc.). Please see the GSDT’s AoR and Corrective Action module for more details and for specific recommended variables to include. At a minimum, reservoir pressure and CO2 saturation in the reservoir should be provided as time series and map view snapshots. Map view snapshots should continue until no significant changes are seen to ensure that the plume has stabilized.
Include a description of predicted system behavior. Recommendations to meet regulatory requirements include:
What are the positions of the plume and pressure front at the end of the model timeframe? (Include maps.)
What are the geographic boundaries of the delineated AoR? (Include maps.)
How does the plume evolve over time throughout the lifetime of the Project? How long does it take to reach maximum extent? Does the AoR decrease after reaching the maximum extent? Are basin scale effects a consideration?
Does the selected AoR accurately define the maximum CO2 plume and pressure front extent of concern throughout the lifetime of the Project? 
Show maps of the results of the sensitivity analysis.
How will operational data be used to evaluate the accuracy of AoR predictions over time?
Associated figures and graphics may include:
Multiple time-series and map views showing the modeled CO2 plume and pressure front in map view for the base case and the worst-case model.
Cross sections showing the vertical and horizontal extent of the CO2 plume, overpressurized region, and AoR for the base case and worst-case model.
Graph showing the relative contribution of each CO2 phase (e.g., total mass, gas phase, dissolved phase, trapped gas, etc.) over time for the base case model.
Comparison maps showing the modeled AoR extent using different parameters (e.g., decreased Injection Zone porosity, increased reservoir permeability, etc.)
Graphical results of sensitivity analyses performed including e.g. tornado charts.
Boundary plots and uncertainty plots (if applicable) for various CO2 phases, plume area, and reservoir pressure.] 
AoR Delineation
The Permittee of INSERT INJECTION WELL NAME has prepared and will maintain and comply with a plan to delineate the AoR for the Project, periodically reevaluate the delineation, and perform corrective action that meets the requirements of this section and is acceptable to the Director. The requirement to maintain and implement an approved AoR and Corrective Action Plan is directly enforceable regardless of whether the requirement is a condition of the permit (40 CFR 146.84(b)(1)). 
As a part of the permit application for approval by the Director, the Permittee has submitted an AoR and Corrective Action Plan that includes the method for delineating the AoR that meets the requirements of 40 CFR 146.84(c), including the model to be used, assumptions that will be made, and the site characterization data on which the model will be based (40 CFR 146.84(b)(1)). It includes a description of 
· the minimum fixed frequency, not to exceed five years, at which the owner or operator proposes to reevaluate the AoR (40 CFR 146.84(b)(2)(i)); 
· the monitoring and operational conditions that would warrant a reevaluation of the AoR prior to the next scheduled reevaluation as determined by the minimum fixed frequency (40 CFR 146.84(b)(2)(ii)), and 
· how monitoring and operational data (e.g., injection rate and pressure) will be used to inform an AoR reevaluation (40 CFR 146.84(b)(2)(iii)).
The Permittee includes a map showing the injection well for which a permit is sought and the applicable AoR consistent with 40 CFR 146.84. Within the AoR, the map shows the number or name, and location of all injection wells, producing wells, abandoned wells, plugged wells or dry holes, deep stratigraphic boreholes, State- or EPA-approved subsurface cleanup sites, surface bodies of water, springs, mines (surface and subsurface), quarries, water wells, other pertinent surface features including structures intended for human occupancy, State, Tribal, and Territory boundaries, and roads. (The map should also show faults, if known or suspected). Only information of public record is required to be included on this map (40 CFR 146.82(a)(2)). 
[Note: The AoR delineation must reflect anticipated operating data (including anticipated injection pressures, rates, and total volumes over the proposed life of the Project), pursuant to 40 CFR 146.84(c)(1)(i).
Recommendations to meet regulatory requirements include:
· How was the AoR delineation selected (what model results were used to define the AoR)? Justify how the AoR delineation represents the largest area in which USDWs may be endangered by the injection activity.
· What are the locations of the monitoring wells used to track plume and pressure front migration? Are monitoring wells located on the outer edge of the AoR?
· How will results of testing and monitoring in these wells help verify the extent and location of the delineated AoR?
· Have other proposed or existing nearby Class VI projects using the same storage zone been accounted for?
· Map(s) showing other Class VI, Class I, and Class II projects in the area using the same storage zone within the basin.] 
Corrective Action Plan 
Tabulation of Wells Within the AoR
The Project will use INSERT INJECTION WELL NAME. The AoR is the region surrounding the project where USDWs may be endangered by injection activity. It is delineated based on the maximum extent of pressure front from INSERT INJECTION WELL NAME well at the end of XX years of CO2 injection and the maximum extent of the separate-phase CO2 plume a minimum of 50 years after injection ceases or until movement ceases, whichever is longer. The AoR is modeled to be approximately XX square miles. 
[Note: Files (e.g., GIS, CSV, Word, JPG, txt) with the locations of all wells within the AoR should be uploaded to the GSDT. The applicant is encouraged to provide a map of these wells as part of this plan.] 
Wells Within the AoR 
[Include a description of wells within the AoR. Recommendations to meet regulatory requirements include:
Are planned monitoring wells located within or at the perimeter of the predicted AoR?
What databases (ideally state databases or records) or other information sources were used to identify these wells? 
What is the type and status of each well (e.g., operating Class II injection well, temporarily abandoned oil well, etc.)? 
Are there historical wells believed to be in the area that may not be captured in available data sources? Was any analysis conducted e.g., magnetic survey, historical image analysis, etc.?
What is the depth of the USDW in wells planned for corrective action?]
Wells Penetrating the Confining Zone [Refer to Table 5]
The Permittee used methods approved by the Director to identify all penetrations, including active and abandoned wells and underground mines, in the AoR that may penetrate the confining zone(s). A description of each well's type, construction, date drilled, location, depth, record of plugging and/or completion are in Table 5 (40 CFR 146.84 (c)(2)).
Additionally, the Permittee has determined which abandoned wells in the AoR have been plugged in a manner that prevents the movement of CO2 or other fluids that may endanger USDWs, including use of materials compatible with the CO2 stream (40 CFR 146.84 (c)(3)). The Permittee will perform corrective action on all wells in the AoR that are determined to need corrective action, using methods designed to prevent the movement of CO2 or other fluids into or between USDWs, or other unauthorized zones, including use of materials compatible with the CO2 stream, where appropriate.
[Include a description of wells penetrating the confining zone. Recommendations to meet regulatory requirements include:
How were the depths of these wells determined?
What is the type and status of each well (e.g., operating Class II injection well, temporarily abandoned oil well, etc.)? 
What is the condition of each well? 
Provide construction and plugging records for all wells that penetrate the injection and/or confining zones.
If corrective action is needed, what activities will be completed and when? The Corrective Action Plan should include well schematics for each well to be remediated and the materials and methods that will be used.]
Risk Evaluation
A detailed analysis was performed to evaluate the risk and timing of the plume and pressure front reaching each of the wells inside the AoR (40 CFR 146.84(a)). The analysis assessed the risks and mitigations, based on possible mechanisms of failure:
CO2 plume corrosive effect and contamination of USDW aquifer. The analysis focused on potential leakage paths from the Injection Zone that could endanger the USDW or other unauthorized zones for those wells that are projected to be exposed to the CO2 plume. Lack of proper isolation, cement degradation, mechanical barrier failures, and micro-annulus or casing corrosion are some of the issues that increase the risk of CO2 leaks.
[Include a description of how risks were analyzed. Recommended considerations include:
Pressure front effect with brine contamination to USDW or other unauthorized zones. This category includes wells that were not projected to be in contact with the CO2 plume but are inside the simulated pressure front. In this scenario, the wells should be evaluated for proper hydraulic isolation between the Injection Zone and the USDW or other unauthorized zones.
Pressure front interference with other injection wells using the same injection zone (if applicable). This category includes proposed or existing Class VI, Class I or Class II wells nearby that share the same storage zone in the basin. Has consideration been given to basin-scale effects in areas where Class VI, Class I and/or Class II projects are in close proximity to one another?
Include figures showing the results of the pressure front simulations at different periods throughout the Project (three years, five years, etc.). 

To aid in the evaluation of wells within the plume and pressure front versus pressure front only, provide a map that depicts the maximum extent of the plume and pressure front separately along with the locations of wells that penetrate the injection and/or confining zones. If phased corrective action is planned, then include plume boundaries at each proposed timestep instead of the maximum plume extent.]
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Permit Number: INSERT PERMIT NUMBER 
Table 5. Location of Wells in the AoR that Penetrate the Confining Zone. [Complete the table, expanding it as needed and including injection, production and monitoring wells as appropriate. For abandoned wells include plug material and lengths, location with the hole/casing, and date plugged, if known. Note if the casing has been pulled.]
	API or State Well Number
	Well Name
	Well Type
	Drill 
Date
	Date 
Abandoned
	Formation/Zone
	Depth of Plugs
	Casing String Sizes 
	Total Depth (feet)
	Latitude 
(NAD27)
	Longitude
(NAD27)
	Notes
	Source of Record

	
	
	Stratigraphic test well
	
	
	
	
	
	
	
	
	
	

	
	
	In-zone monitoring well
	
	
	
	
	
	
	
	
	
	

	
	
	Dry hole, plugged
	
	
	
	
	
	
	
	
	
	

	
	
	Brackish water producer
	
	
	
	
	
	
	
	
	
	

	
	
	Water withdrawal well
	
	
	
	
	
	
	
	
	
	


[If there are other Class VI, Class I and/or Class II projects close by within the basin that may impact the proposed project due to pressure front interference or overlapping plumes, include an additional table listing their location and associated monitoring and/or water withdrawal wells as appropriate.]

Corrective Action Schedule [if applicable]
All wellbores within the AoR will, if necessary, be mechanically pressure-tested, abandoned, re-abandoned, and/or monitored, unless a technical demonstration showing adequate zonal confinement prior to the commencement of CO2 injection is provided or based on an agreed-upon phased schedule post CO2 injection if conditions allow.
[Include a description of the corrective action schedule. Recommendations to meet regulatory requirements include:
Will phased corrective action be conducted? What is the specific schedule that will be implemented? How will the proposed phased corrective action schedule protect USDWs? If applicable, include a table listing wells that require corrective action, the specific action that is planned, and the proposed date.
What benchmarks or triggers are included as part of a phased corrective action plan? What information was used to determine these triggers?
How might the results of testing and monitoring, and/or AoR reevaluation, inform changes to the phased corrective action plan?
Have considerations for increases in basin scale pressure been taken into account?]
Plan for Site Access [if applicable]
[Include a description of the plan for site access. Recommended considerations include:
What agreements have been made for access so that corrective action can be performed?
For what period of time has site access been guaranteed?]
Reevaluation Schedule and Criteria
AoR Reevaluation Cycle
The Permittee will reevaluate the above-described AoR at least once every five years during the injection and post-injection phases. In addition, when monitoring and operating conditions warrant, the Permittee will review the monitoring and operational data during the injection and post-injection phases. If updated modeling work results in a change in the AoR, a revised corrective action plan and schedule will be completed pursuant to 40 CFR 146.84(e).
[Modify considerations as needed.]
Activities to be performed during reevaluation include:
Review and analyze available monitoring and operational data and compare these data to the dynamic simulation forecast to assess whether the predicted CO2 plume migration is consistent with the observed data. The Permittee will incorporate direct monitoring data from injector wells, reservoir-level monitoring wells, above-confining-zone monitoring wells, and USDW-level monitoring wells. In addition, the Permittee will incorporate data from indirect geophysical monitoring. Data collection is described in the Testing and Monitoring Plan (Attachment C of this Permit) and the Post-Injection Site Care and Site Closure Plan (Attachment E of this Permit), both of which are included as part of this Permit. Specific steps of this review and analysis include:
Review available data on the position of the CO2 plume and pressure front, such as pressure and temperature monitoring data, fluid samples, and geophysical and seismic monitoring data.
Correlate seismic data to locate and track the movement of the CO2 plume. A good correlation between previous and current data sets will provide confidence in the model’s ability to represent the storage complex.
Review downhole reservoir pressure data collected from various locations and intervals using a combination of surface and downhole pressure gauges.
Review groundwater chemistry monitoring data collected in the monitoring wells, verifying that there is no evidence of CO2 or brines that represent an endangerment to any USDWs or other unauthorized zones. 
Review operating data (e.g., injection rates and pressures) and verify they are consistent with the inputs used in the most recent modeling effort.
Review geologic data acquired since the last modeling effort (e.g., additional site characterization performed or updates of petrophysical properties from core analysis). Identify whether new data are materially different from the modeling inputs and assumptions.
Compare the results of computational modeling used for AoR delineation to the monitoring data collected. Monitoring data will be used to show that the computational model accurately represents the storage site and can be used as a proxy to determine the plume’s properties and size. The degree of accuracy is demonstrated by comparing monitoring data with the model’s predicted properties (i.e., plume location, rate of movement, and pressure decay). Statistical methods will be employed to correlate the data and confirm the model’s ability to represent the storage site accurately.
If the current data are consistent with model inputs and/or if the model forecast is unchanged after incorporation of these data, no update to the AoR will be needed. In this case, the Permittee will prepare a report presenting data and results to demonstrate that no re-delineation of the AoR is needed as directed by 40 CFR 146.84(e)(4).
If material changes in site conditions or operating parameters have occurred, or if data indicate that the actual plume or pressure front may extend beyond the modeled plume or pressure front, the AoR needs to be re-delineated. Steps to re-delineate the AoR include:
[Modify considerations as needed.]
Revise the site conceptual model based on the new site characterization, operational, or monitoring data.
Calibrate and history-match the model to minimize the differences between monitoring data and model simulations.
Perform the AoR delineation as described above. Review wells within the AoR and perform corrective action on wells, if needed. [If new Class I, II or VI projects in close proximity to the proposed project have come online since the initial AoR review, potential pressure front interference should be considered.] Specific steps include:
Identify any wells that fall within the AoR. Evaluate the status and records for wells that were not previously evaluated and provide a description of each well’s type, construction, date drilled, location, depth, and record of plugging and/or completion.
Determine which wells in the newly delineated AoR are plugged in a manner that prevents movement of CO2 or other fluids that may endanger USDWs or other unauthorized zones.
Perform corrective action on all deficient wells in the AoR using methods designed to prevent the movement of fluid into or between USDWs and other unauthorized zones, including the use of materials compatible with CO2.
Prepare a report documenting the AoR reevaluation process, the data evaluated, any corrective actions determined to be necessary, and the status of corrective actions or a schedule for any corrective actions to be performed. The report will be submitted to EPA within 90 days of the reevaluation and will include maps that highlight similarities to and differences from previous AoR delineations.
Update the AoR and Corrective Action Plan to reflect the revised AoR, along with other related Project plans, as needed.
Conditions Warranting an AoR Reevaluation Prior to the Next Scheduled Reevaluation
The Permittee will evaluate injection well and monitoring well data when monitoring and operation conditions warrant, at a minimum every five years. Decisions about the need for an unscheduled reevaluation of the AoR will be based on quantitative changes observed in injection wells and monitoring wells. The Director may require a re-evaluation based on review of these data. If the AoR needs to be reevaluated, the computational modeling should be updated. Changes in these parameters listed below may indicate that the actual plume or pressure front may extend beyond the modeled plume or pressure front. [Modify as needed.]
Pressure: Changes in pressure that are unexpected and outside three standard deviations from the average will trigger a new evaluation of the AoR.
Temperature: Changes in temperature that are unexpected and outside three standard deviations from the average will trigger a new evaluation of the AoR.
Reservoir Saturation Tool saturation: Increases in CO2 saturation that indicate the movement of CO2 into or above the confining zone will trigger a new evaluation of the AoR unless the changes are found to be related to well integrity. Any identified well integrity issues will be investigated and addressed. Increases in CO2 saturation in monitoring wells may indicate a breakthrough of the CO2 plume.
Deep groundwater constituent concentrations: Unexpected changes in fluid constituent concentrations that indicate the movement of CO2 or brine into or above the confining zone will trigger a new evaluation of the AoR unless the changes are found to be related to wellbore integrity. Any identified well integrity issues will be investigated and addressed.
Exceeding fracture pressure conditions: Pressure in any of the injection or monitoring wells exceeding 90% of the geologic formation fracture pressure at the point of measurement will trigger a new evaluation of the AoR.
Compromise in INSERT INJECTION WELL NAME or injection zone monitoring well mechanical integrity: A significant change in annulus pressure for the INSERT INJECTION WELL NAME that indicates a loss of mechanical integrity or a failed mechanical integrity test in INSERT INJECTION WELL NAME or injection zone monitoring well will trigger a new evaluation of the AoR.
Induced seismicity monitoring: Seismic monitoring data that indicate reactivation of a fault or structures due to pressurization of the reservoir as a consequence of the CO2 injection will trigger a new evaluation of the AoR. The Permittee will review the monitoring data to account for naturally occurring events not related to the injection.
Additionally, an unscheduled AoR reevaluation may be needed if it is likely that the actual plume or pressure front may extend beyond the modeled plume or pressure front because any of the following has occurred:
Seismic event greater than Mw XX within XX miles of the INSERT INJECTION WELL NAME; 
Exceedance of any Class VI operating permit condition (e.g., exceeding the permitted volumes of CO2 injected);
New site characterization data that change the computational model to such an extent that the predicted plume or pressure front extends vertically or horizontally beyond the predicted AoR.
The Permittee will discuss any such events with the Director to determine if an AoR reevaluation is required. If an unscheduled reevaluation is triggered, the Permittee will perform the steps described at the beginning of this section of this Plan.
