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	INSTRUCTIONS
This template provides a suggested outline and recommendations for the Testing and Monitoring Plan. While permit applicants must submit a proposed Testing and Monitoring Plan, and the plan must comply with 40 CFR 146.90, permit applicants are not required to use this template. This template does not substitute for promulgated 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 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. Suggested text is shown in blue. Blue suggested text provides example language that is project specific. It should be modified for each site and project as appropriate. 
Please delete the red text, modify the blue suggested text, and provide additional data and information as appropriate. Blue suggested text provides example language that should be tailored to each project. Where noted, the blue suggested text must be modified to meet a regulatory requirement. Remember to 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. Remember that pursuant to 40 CFR 146.90 of the federal Class VI Rule, the requirement to maintain and implement an approved Testing and Monitoring 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: 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.
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[bookmark: _Toc210807915]Facility Information
Facility name: 	INSERT FACILITY NAME
INSERT WELL NUMBER
Well location: 	INSERT CITY, COUNTY, STATE 
INSERT LAT/LONG COORDINATES
[bookmark: _Toc210807916]Introduction
This Testing and Monitoring Plan describes how the Permittee will monitor the INSERT PROJECT NAME (referred to throughout as “the Project”) pursuant to 40 CFR 146.90. In addition to demonstrating that the well is operating as planned, that the CO2 plume and pressure front are moving as predicted, and that there is no endangerment to USDWs, the monitoring data will be used to update and adjust the computational model used to simulate and predict the distribution of the CO2 and the pressure front within the storage zone to support area of review (AoR) reevaluations. 
Results of the testing and monitoring activities described below may trigger action according to the Emergency and Remedial Response Plan (Attachment F of this Permit).
In the event of a conflict between this Testing and Monitoring Plan and the Startup, Operating Requirements and Summary of Reporting Requirements (Attachment A of this Permit), the Testing and Monitoring Plan and the Permit control.
[bookmark: _Toc210807917]Overall Strategy and Approach for Testing and Monitoring [Modify as appropriate.]
[EPA encourages Permittee to include a short “big picture” summary of their testing and monitoring approach to demonstrate how they will meet all the applicable requirements of the Class VI Rule. You may use this section to provide a brief narrative description of how the proposed testing and monitoring activities support an overall strategy to fulfill the requirements of the Class VI Rule, demonstrate USDW non-endangerment, and collect sufficient data on site-specific system behavior to support decision-making at project milestones.] 
The Testing and Monitoring Plan is designed to monitor and mitigate the key risks identified for the Project.  It is tailored to track the migration of the CO2 plume and the development of the pressure front within the injection zone. Data will be collected prior to injection to establish a baseline. Data collected from the testing and monitoring program during the injection and post-injection periods will be used to update the computational model and reevaluate the AoR.
The testing and monitoring program includes controls and mitigations in the following categories:
1. CO2 stream analysis.
2. Continuous recording of operational parameters: injection rate, volume, pressure, temperature, and internal mechanical integrity.
3. Corrosion monitoring and leak detection.
4. Monitoring of ground water quality and geochemical changes above the confining zone, such as the first permeable zone, the lowermost USDW, and the near surface.
5. Internal and external mechanical integrity testing.
6. Pressure fall-off testing.
7. CO2 plume and pressure front tracking.
8. Surface monitoring. [If applicable – include if surface air and/or soil gas monitoring is required.]
9. Seismic monitoring (if applicable/required).
10.  Monitoring of groundwater quality, geochemical changes, and pressure in the first USDWs immediately above and below the injection zone(s); and in any other formations at the discretion of the Director. – [If an injection depth waiver is granted [§ 146.95(f)(3)(i)].
The methodology and frequency of testing and monitoring will vary based on the stage of the Project, although they must remain consistent with the approved Testing and Monitoring Plan. Pre-injection monitoring and testing will focus on establishing baseline conditions. Injection-phase monitoring will focus on collecting data that will be used to calibrate models and ensure containment of CO2. 
The Permittee shall periodically review the Testing and Monitoring Plan and incorporate monitoring data collected under 40 CFR 146.90, operational data collected under 40 CFR 146.88, and the most recent area of review reevaluation performed under 40 CFR 146.84(e). In no case shall the Permittee review the Testing and Monitoring Plan less often than once every five years. Based on this review, the Permittee shall submit an amended Testing and Monitoring Plan or demonstrate to the Director that no amendment to the Testing and Monitoring Plan is needed. Any amendments to the Testing and Monitoring Plan must be approved by the Director and must be incorporated into the Permit (40 CFR 146.90(3)(j)).
Data obtained from the Testing and Monitoring Plan will be used to inform operational decisions. Data will be used to improve computational model simulations. Data that are interpreted to be inconsistent with model predictions will trigger additional testing, monitoring, and evaluation.
[bookmark: _Toc210807918]Monitoring Well Network Design [Modify as appropriate.]
Multiple testing and monitoring objectives will be accomplished by evaluating data from monitoring wells. These wells will provide direct measurements to compliment indirect measurement methods for monitoring the CO2 plume, pressure front, and AoR. In addition, data from monitoring wells will be used to characterize fluid chemistry and isotopic composition throughout the stratigraphic column.
[Recommend including a summary here, describing the purpose of each monitoring well and referring the reader to Attachment G for details on their construction.]
The need for additional monitoring wells will be evaluated during the injection period and until plume stabilization, or more often if needed, as determined by the Director. The EPA approves the locations of monitoring well(s) to be installed prior to first injection, as well as the proposed locations of future monitoring well(s).
The locations of the monitoring wells are described in Table 1, and a summary of data by well type is shown in Table 2. Well locations and other relevant aspects of the project and monitoring program are also shown on the map in Figure XX.
[Recommend that the map shows installation locations of all proposed monitoring sites, e.g., monitoring wells, soil gas stations, air monitoring, permanent seismic arrays, etc. Additionally, the plume and pressure fronts should also be shown, as well as any other items that may affect monitoring (e.g., if a soil gas station is being placed near legacy wells to monitor for surface leakage). This map could be the same map required at 146.82(a)(2)]

[bookmark: _Ref179397902][bookmark: _Toc194393490][bookmark: _Toc194395176][bookmark: _Toc194397111]Table 1. Project Monitoring Wells. [Modify/add as appropriate.]
	Regulatory Well Name
	Project Well Name
	Drill Date
	Purpose
	Total Depth (ft)
	Latitude
 
	Longitude 


	
	
	
	Above Zone Monitoring 
	
	
	

	
	
	
	Injection Zone monitoring
	
	
	

	
	
	
	Injection Zone monitoring
	
	
	

	
	
	
	USDW Groundwater Monitoring
	
	
	

	Add rows as needed
	
	
	
	
	
	


[bookmark: _Ref179397929][bookmark: _Toc194393491][bookmark: _Toc194395177][bookmark: _Toc194397112]Table 2. Summary of Monitoring by Well Type.
	Well Type
	Objective
	Method
	Monitoring During Injection

	Injection Zone monitoring
	Direct monitoring of CO2 plume
	

	

	
	Direct monitoring of the pressure front
	
	

	
	Indirect monitoring of CO2
plume
	
	

	
	Indirect monitoring of pressure front
	
	

	
	Internal mechanical integrity
	
	

	
	External mechanical integrity
	
	

	
	Corrosion monitoring
	
	

	
	Surface leak detection
	
	

	Monitoring above the upper confining zone 
	Geochemical monitoring above the confining zone
	
	

	
	Direct monitoring of pressure and temperature to ensure upper confining zone integrity
	
	

	
	Internal mechanical integrity
	
	

	
	External mechanical integrity
	
	

	USDW Groundwater Monitoring 
	Geochemical and isotopic monitoring to detect CO2
	
	


[bookmark: _Toc210807919]Reporting Procedures
The Permittee will report the results of all testing and monitoring activities to EPA in compliance with Permit Condition N and the requirements under 40 CFR 146.91.
[bookmark: _Toc210807920]Carbon Dioxide Stream Analysis (40 CFR 146.90(a)) [Modify as needed.]
The Permittee will analyze the CO2 stream during the operation period to yield data representative of its chemical and physical characteristics and to meet the requirements of 40 CFR 146.90(a). Samples will be collected prior to commencement of injection. Thereafter samples will be collected and analyzed quarterly, starting three months after the date of authorization of injection.
The Permittee has provided the sources of CO2 for the Project. If the Permittee plans to inject different or additional CO2 sources, approval by the Director is required. This will require a permit modification (pursuant to either 40 CFR 144.39 or 40 CFR 144.41). [If applicable.]

[bookmark: _Toc210807921]Sampling Location and Frequency [Modify as needed.]
CO2 injection stream samples will be taken at INSERT SAMPLING LOCATION.  The Permittee will analyze the impurities, and isotopic composition of the CO2 stream prior to injection. This will allow the Permittee to characterize the injected CO2 stream and compare with fluid samples obtained from injection zone monitoring well(s), above-zone monitoring well(s), USDW groundwater monitoring well(s), water withdrawal well(s) [if applicable], or USDW wells during the injection. The Permittee will increase the frequency and collect additional samples if significant changes in the chemical or physical characteristics of the injected CO2 stream occur that may cause an increased risk of corrosion or impact modeling results as determined by the Permittee or Director (whose determination shall control in the case of a dispute), such as might happen after a change in the injected CO2 stream source(s); and
[bookmark: _Toc210807922]Analytical Parameters
The Permittee will analyze the CO2 for the constituents identified in Table 3, which lists the specifications of the injected CO2 stream. This analysis will ensure that the CO2 stream composition entering the injection well(s) is consistent with the expected composition.
[bookmark: _Ref180096982][bookmark: _Toc194393492][bookmark: _Toc194395178][bookmark: _Toc194397113]Table 3. Injected CO2 Stream Specifications. [Modify as needed.]
	Parameter
	Specification

	CO2 content
	

	Water
	

	Nitrogen
	

	Sulfur
	

	Oxygen
	

	Glycol
	

	Carbon monoxide
	

	NOx
	

	SOx
	

	Particulates (CaCO3)
	

	Argon
	

	Surface pressure
	

	Surface temperature
	

	Isotopes
	δ13C and 14C of CO2

	Add as needed
	



[bookmark: _Toc210807923]Continuous Monitoring of Operational Parameters (40 CFR 146.88(e)(1), 146.89(b), and 146.90(b))
The Permittee will install and use continuous recording devices to monitor injection pressure, rate, and volume; the pressure on the annulus between the tubing and the long string casing; the annulus fluid volume added; and the temperature of the CO2 stream, as required at 40 CFR 146.88(e)(1), 146.89(b), and 146.90(b). Permittee is responsible for ensuring the continuous monitoring systems are collecting data as scheduled. Ignorance of an issue with the data collection system is not an acceptable excuse for noncompliance.
[bookmark: _Toc210807924]Monitoring Location and Frequency  
Injection operations will be continuously monitored and controlled by the operations staff utilizing a process control system. The system will continuously monitor, control, record, and alarm for critical system parameters of pressure, temperature, and injection flow rate. The system will initiate a shutdown if specified control parameters deviate from the intended operating range and will allow for remote shutdown under emergency conditions. Trend analysis will be used in evaluating the performance (e.g., drift) of the instruments, indicating the need for maintenance or recalibration. Monitoring methods and frequencies are summarized in Table 4.
[bookmark: _Ref179398459][bookmark: _Toc194393493][bookmark: _Toc194395179][bookmark: _Toc194397114]Table 4. Continuous Monitoring Methods and Frequency. [Modify/add as needed.]
	Parameter
	Device/Tool
	Minimum Sampling Frequency
	Minimum Recording Frequency

	Injection pressure at surface
	
	
	

	Injection temperature at surface
	
	
	

	Injection rate
	
	
	

	Injection volume
	
	
	

	Injection pressure downhole
	
	
	

	Injection temperature downhole
	
	
	

	Pressure on the annulus at depth between the tubing and long string casing
	
	
	

	Annulus pressure at surface
	
	
	

	Annulus fluid volume
	
	
	


[bookmark: _Toc210807925]Description of Methods
[bookmark: _Toc210807926]Pressure and Temperature Monitoring [Modify/add as needed.]
The Permittee will monitor and measure injection pressure and temperature (P/T) in the injection well using both downhole gauges, and surface gauges. One P/T gauge will be installed downhole, at a depth of XXXX ft below ground surface as part of the completion and will be ported into the tubing to continuously measure CO2 injection P/T. The downhole sensor will be the point of compliance for maintaining injection pressure below 90% of formation fracture pressure.
A second P/T gauge will be installed on the outside of the tubing string XXX ft. above the packer to measure pressure continuously in the annulus space above the packer and to identify any potential loss of mechanical integrity.
At the surface, electronic pressure gauges and temperature sensors will be used to continuously monitor the pressure and temperature of the annulus between the tubing and long string casing. Gauges and sensors will be connected to the automated system to provide continuous data analysis as well as alarms for malfunctioning events when the values deviate from the intended operating range.
If the downhole gauges stop working between scheduled maintenance events, then the surface pressure limitation approved for this permit will be used as a backup until the downhole gauges are repaired or replaced. For calibration purposes, in lieu of removing the injection tubing, the accuracy of the downhole gauges will be demonstrated by using a second pressure gauge with current certified calibration lowered into the well at the same depth as the permanent downhole gauge. Pressure and temperature gauges will be calibrated as described in Section A.4 of the Quality Assurance and Surveillance Plan (QASP), Appendix A of this Testing and Monitoring Plan.
[bookmark: _Toc210807927]Injection Rate and Volume Monitoring [Modify as needed. Please include a wellhead instrumentation diagram here to complement the description.]
Schematics (or other appropriate drawings) of the surface and subsurface construction details are shown in Figure X (40 CFR 146.82(a)(11)). The injection rate and volume metering protocols to be used at INSERT FACILITY NAME follow the prevailing industry standard(s) for custody transfer as currently published by the American Petroleum Institute (API), the American Gas Association (AGA), or the Gas Processors Association (GPA), as appropriate These meters will be maintained and calibrated routinely and operated continually and will feed data directly to the centralized data collection systems. The meters meet the industry standard for custody transfer meter accuracy and calibration frequency. 
[Recommend inserting legible wellhead diagram here.]
Figure X. Wellhead Schematics.
The mass flow rate of CO2 injected into the well will be measured using flowmeter skids with a Coriolis meter in the CO2 injection line as close as practicable to the interface with the wellhead. [Reference the wellhead diagram.] Piping and valving will be configured to permit flowmeter calibration. A redundant pressure control valve will be installed to allow for continuous injection during routine maintenance of the device. The meter will be calibrated for the expected flow range using accepted standards and must be accurate within 0.1%. The flow transmitter will be connected to a remote terminal unit (RTU) on the flowmeter skid.
[bookmark: _Toc210807928]4.2.3  Annulus Fluid and Pressure Monitoring [Modify/add as needed.]
Annulus pressure will be monitored continuously to ensure integrity of the downhole packer and tubing. Pressure will be read at the surface via a pressure gauge. The annulus will be filled with a non-corrosive fluid. The initial volume of fluid needed to fill the annulus will be measured prior to the commencement of injection operations. Annulus pressure will be kept between XXX and XXX psig and pressure data obtained from surface gauges and downhole gauges will be used to confirm the absence of unexpected changes in annulus volume. In addition, if there are changes in pressure, the Permittee will conduct fluid level measurements to further confirm annulus fluid volume. This methodology will allow the operator to confirm the variation in annulus fluid due to temperature changes versus potential mechanical integrity issues.
[bookmark: _Toc210807929]Corrosion Monitoring [Modify as needed.]
To meet the requirements of 40 CFR 146.90(c), The Permittee will monitor INSERT INJECTION WELL NAME and injection zone monitoring well materials, including all materials expected to come in contact with the CO2 stream and/or formation fluids, during the operation period. Materials will be monitored for loss of mass, thickness, cracking, pitting, and other signs of corrosion to ensure that the well components meet the minimum standards for material strength and performance. All well materials must be compatible with fluids with which the materials may be expected to come into contact and must meet or exceed standards developed for such materials by the API, ASTM International, or comparable standards acceptable to the Director. The casing and cementing program must be designed to prevent the movement of fluids into or between USDWs (40 CFR 146.86(b)). The suitability of the materials has been determined by … [Complete as appropriate. Well material selection should be based on the composition of the CO2 including the concentration of impurities, the safe operational envelope of the well including an assessment of the impact of potential upsets and shut-in conditions. Was corrosion modeling done? Were lab studies completed or published performance data from material suppliers provided?]. 
A summary of materials is provided in Table 5. These materials will be monitored via coupons that will be exposed to the injected CO2 stream, or routing the CO2 stream through a loop constructed with the material used in the injection well and inspecting the materials in the loop; or using an alternative method approved by the Director (40 CFR 146.90(c) (1) and (2), or (3)). [Modify/add as needed.]
[bookmark: _Ref179398965][bookmark: _Toc194393494][bookmark: _Toc194395180][bookmark: _Toc194397115]Table 5. List of Equipment with Construction Materials in INSERT INJECTION WELL NAME and Injection Zone Monitoring Well(s). [Modify/add as needed.]
	Equipment
	Construction Material
	Depth (ft)

	Surface string casing
	
	

	Intermediate string casing (if present)
	
	

	Long string casing above confining Zone in injection well(s) and Injection Zone monitoring well(s)
	
	

	Long string casing in confining and Injection Zone in injection well(s)
	
	

	Long string casing in confining and Injection Zone for Injection Zone monitoring well(s)
	
	

	Tubing above packer in injection well(s)
	
	

	Tubing for Injection Zone monitoring well(s)
	
	

	Wellhead for injection well(s) and Injection Zone monitoring well(s)
	
	

	Injection tree and tubing hanger for injection well(s)
	
	

	Packers for injection well(s) and Injection Zone monitoring well(s)
	
	


[bookmark: _Toc210807930]Monitoring Location and Frequency 
Monitoring will occur using corrosion coupons that will be collected on a quarterly basis during the injection period and sent for analysis in accordance with NACE (National Association of Corrosion Engineers) Standard SP-0775-2023. 
Monitoring results will be documented and submitted to EPA as per 40 CFR 146.91(a)(7) and, if appropriate, 40 CFR 146.91(c). 
Casing inspection logging will be conducted during planned well maintenance operations to evaluate downhole conditions and confirm absence of corrosion. Table 6 provides a summary of corrosion monitoring methods.
[bookmark: _Ref179398955][bookmark: _Toc194393495][bookmark: _Toc194395181][bookmark: _Toc194397116]Table 6. Corrosion Monitoring and Surface Leak Detection Summary. [Modify as needed.] 
	Objective
	Method
	Pre-Injection
	Injection
	Post-Injection*

	Identify material corrosion in flowline and wellbore
	Corrosion coupons
	
	
	

	
	Casing inspection log
	
	
	

	Identify loss of mechanical integrity caused by corrosion
	
	
	
	

	Surface monitoring and leak detection
	Visual inspection
	
	
	

	
	CO2 surface sensors
	
	
	


[bookmark: _Toc210807931]* See Attachment E (Post-Injection Site Care, and Site Closure) for additional information on post-injection permit conditions. 
Description of Method
[bookmark: _Toc210807932]Corrosion Coupons [Modify as needed.]
Samples of INSERT INJECTION WELL NAME materials (coupons) and monitoring well materials will be exposed to the injected CO2 stream and monitored for signs of corrosion to verify that the well components meet the minimum standards for material strength and performance and to identify well maintenance needs. Representative materials will be weighed, measured, and photographed prior to installation. Coupons will be analyzed in accordance with NACE Standard SP-0775- 2023 to determine and document corrosion wear rates based on mass loss. A summary of coupon parameters is shown in Table 7. 
[bookmark: _Ref179399171][bookmark: _Toc194393496][bookmark: _Toc194395182][bookmark: _Toc194397117]Table 7. Summary of Analytical Parameters for Corrosion Coupons. [Modify as needed.]
	Parameter
	Analytical Method
	Resolution Instruments
	Precisions/Std Dev

	Mass
	NACE SP0775-2023a
	
	

	Thickness
	NACE SP0775-2023a
	
	


a	NACE SP0775-2023: Preparation, Installation, Analysis, and Interpretation of Corrosion Coupons in Oilfield Operations.
[bookmark: _Toc210807933]Casing Inspection Logs
[bookmark: _Hlk172706049]PERMITTEE will perform casing inspection logging (CIL) during well maintenance when tubing is removed. Between planned maintenance events, the Permittee may conduct CIL if corrosion coupon data indicate potential loss of material strength or performance inconsistent with operating standards.
[bookmark: _Toc210807934]Surface Detection Methods [If applicable.]
The Permittee field personnel must visit the Project location on a routine basis, at least weekly, to make observations of surface equipment, identify potential leaks, and verify that equipment is operating within design limits. The Permittee will provide field personnel with equipment to identify the presence of CO2 as part of the safety requirements for the site.
The Permittee will perform additional optical analysis using OGI cameras quarterly during the injection period. OGI cameras use infrared images to detect gas leaks and will be used during the inspection of facilities connected to the Class VI wells, and well locations. [Modify/delete if needed.]
[bookmark: _Toc210807949][bookmark: _Toc210807970][bookmark: _Toc210807971][bookmark: _Toc210807972][bookmark: _Toc210807973][bookmark: _Toc210807974]Monitoring Above the Confining Zone 
The Permittee will monitor groundwater quality and geochemical changes in the first permeable zone above the confining zone. Together with USDW groundwater monitoring, the Permittee will monitor groundwater quality and geochemical changes above the confining zone to meet the requirements of 40 CFR 146.90(d). The results of groundwater sampling will be compared to baseline geochemical and isotopic data collected during the site characterization, consistent with 40 CFR 146.82(a)(6), to obtain evidence of potential fluid or gas movement. The first permeable zone above the confining zone located in INSERT FORMATION NAME Formation will be monitored from INSERT MONITORING INTERVAL feet below ground surface. [Add as needed.]
[Delete the paragraph below if the Project will not be operating under an injection depth waiver.]
To meet the requirements at 40 CFR 146.95(f)(3)(i), the Permittee will also monitor groundwater quality, geochemical changes, and pressure in the first USDWs immediately above and below the Injection Zone(s). 
[bookmark: _Toc210807975]Monitoring Location and Frequency
Table 8 presents the monitoring methods that will be used above the confining zone. Prior to injection, monitoring well(s) will be drilled in the first permeable zone above the confining zone and baseline analyses will be completed. Future results will be compared against these baseline results to identify significant changes or anomalies. [Modify/expand this paragraph to include additional wells if needed or if existing wells are being converted to monitoring wells.]
[bookmark: _Ref180146209][bookmark: _Toc194393498][bookmark: _Toc194395184][bookmark: _Toc194397119]Table 8. Monitoring Above the Injection Zone. [Modify/complete as needed.]
	Objective
	Method
	Frequency Pre-Injection
	Frequency During Injection
	Frequency Post- Injection

	First Permeable Zone Above the Confining Zone/Lowermost USDW: INSERT FORMATION NAME

	Ground water quality and geochemical changes above the confining zone (40 CFR 146.90(d))
	Fluid and dissolved gas sampling and analysis in INSERT MONITORING WELL NAME
	
	
	

	Pressure and temperature
	P/T gauge
	
	
	


[bookmark: _Toc210807976]Description of Methods 
See Section 7.1 for details on fluid sampling and analyses. [Refer to the USDW sampling section.] 
[bookmark: _Ref180522762][bookmark: _Toc210807977]Monitoring the Near-Surface [Modify/complete/delete as needed.]
The primary objectives of the near-surface monitoring program are to confirm containment of CO2 within the INSERT FORMATION NAME Injection Zone, to demonstrate protection of the deepest USDW, and to provide for early detection of anomalous conditions indicative of potential leakage of CO2 or of brine migration. 
[Describe the near surface monitoring approach, including establishing baseline, determining significant deviations from baseline and subsequent responses, and data interpretation.]
For the Project, the lowermost USDW and soil gas [if applicable] within the AoR will be monitored in accordance with 40 CFR 146.90(d) and at the frequencies specified in Table 9.
[bookmark: _Ref180147192][bookmark: _Toc194393499][bookmark: _Toc194395185][bookmark: _Toc194397120]Table 9. Monitoring the Near-Surface. [Modify as needed.]
	Objective
	Method
	Frequency Pre- Injection
	Frequency During Injection
	Frequency Post- Injection

	Soil gas analysis in the near-surface vadose zone
	Isotopic analysis and chemical evaluation at # locations
	
	
	


[bookmark: _Ref180524334][bookmark: _Toc210807978]USDW Groundwater Monitoring
[bookmark: _Toc210807979]Monitoring Location and Frequency
[Include a brief description of all wells planned or completed in the lowermost USDW. Modify the text below as needed.]
Fluid and dissolved gas samples were collected after the installation and development of the INSERT NAME OF USDW WELL. After injection commences, INSERT NAME OF USDW WELL will be sampled for geochemical analysis and a subset of the isotopic analyses. This sampling will occur quarterly in years one to three after commencement of injection, then annually from year four until the end of the injection period. During the post-injection phase of the Project, the USDW will be monitored annually for the first XX years for geochemical analysis and a subset of the isotopic characterization (see Post-Injection Site Care and Site Closure Plan - Attachment E of this Permit). If anomalous soil gas chemistry is observed, anomalous pressure and/or temperature changes are observed in an Injection Zone monitoring well, or there is any indication of leakage through the INSERT INJECTION WELL NAME during the injection and post-injection phases of the Project, additional fluid samples may be obtained for geochemical and isotopic analysis and comparison to pre-injection sample results.
Table 5 in the QASP lists the components that will be characterized and monitored in the groundwater collected from the monitoring wells at the Project.
[bookmark: _Toc210807980]Description of Methods 
The purpose of monitoring above the confining zone is to identify potential geochemical changes caused by the introduction of the injected CO2 stream or displaced formation fluids above the primary confining zone.
[Describe the USDW monitoring approach, including establishing baseline, determining significant deviations from baseline and subsequent responses, and data interpretation.]

At the end of the pre-injection monitoring period, the Permittee will establish geochemical and isotopic baselines that characterize the natural or existing conditions in the USDW. Trend analysis will be used for identifying and characterizing CO2 and brine leakage from the INSERT INJECTION ZONE FORMATION during the injection and post-injection phases of the Project.
The elements of the USDW monitoring program may be modified throughout the baseline, injection, and post-injection operational phases of the Project, as needed, and with approval of the Director, as more data and information become available. Changes to this Testing and Monitoring Plan will require a permit modification pursuant to either 40 CFR 144.39 or 40 CFR 144.41. 
[bookmark: _Toc210807981]Near-Surface Soil and Soil Gas Sampling [If applicable – see 40 CFR 146.90(h)]
The primary objectives of near-surface soil and soil gas monitoring are to confirm containment of CO2 within the INSERT INJECTION ZONE FORMATION, and to provide early detection of anomalous conditions indicative of potential leakage of CO2 or brine migration, for the ultimate objective of detecting fluid movement that could endanger a USDW. [Note to permit writer – the Director is not required to but may require the Permittee to conduct surface soil gas monitoring (or surface air monitoring) in order to detect movement of CO2 that could endanger a USDW, and the design of such monitoring must be based on potential risks to USDWs within the AoR (40 CFR 146.90(h)).]
[bookmark: _Toc210807982]Monitoring Location and Frequency [Complete if applicable and modify as appropriate. Include a map showing the locations.]
Subsurface soil gas probes will be installed at approximately XX representative locations throughout the AoR. The following factors will be considered in siting soil gas probes: the location of artificial penetrations in the AoR and Corrective Action Plan, surface soil characteristics, and the location of adjacent property owners. 
The Permittee will collect and analyze soil gas samples for gas and isotopic parameters prior to CO2 injection to determine a characteristic profile for the site. During the injection phase, soil gas will be monitored for gas composition between year one and XXX thereafter. If anomalous pressure and/or temperature changes are observed in the nearby INSERT INJECTION WELL NAME or injection zone monitoring well(s), or there is any indication of leakage through the INSERT INJECTION WELL NAME, additional soil gas samples will be collected for gas composition and/or isotopic analysis and comparison to pre-injection sample results. 
Table 10. Soil and Soil Gas Analysis Parameters.
	Parameter
	Analytical Method
	Frequency

	Soil Analyses

	pH
	
	

	Electrical conductivity (EC)
	
	

	Sodium adsorption ratio (SAR)
	
	

	Total organic carbon (TOC)
	
	

	Total inorganic carbon (TIC)
	
	

	Moisture
	
	

	Soil Gas Analyses

	Composition gas: H2, He, O2, N2, CO2, CH4, CO, Ar, C2–C6+
	
	

	δ13C of CO2 and CH4
	
	

	C14 of CO2
	
	

	δD of CH4
	
	


[bookmark: _Toc210807983]Description of Methods [if applicable]
[Describe the soil and soil gas monitoring approach, including establishing baseline, determining significant deviations from baseline and subsequent responses, and data interpretation. Refer to the QASP.]
Soil gas in the near-surface and groundwater composition in USDW wells have considerable variation due to natural processes. Monitoring both soil gas and fluid composition at multiple subsurface levels is a more reliable leak monitoring method. 
[bookmark: _Toc210807984]Internal and External Mechanical Integrity Testing 
[Modify as needed.]
The Permittee will conduct tests to verify the internal and external mechanical integrity of the INSERT INJECTION WELL NAME well before and during the injection phase pursuant to 40 CFR 146.87(a)(4), 40 CFR 146.89, 40 CFR 146.90(e), and 40 CFR 146.92(a). The verification of mechanical integrity of monitoring well(s) will be conducted after the well(s) are constructed, during the injection phase. (See Attachment E for conditions related to post-injection site care).
The purpose of internal mechanical integrity testing is to confirm the absence of significant leakage within the injection tubing, casing, or packers (40 CFR 146.89(a)(1)). Continuous monitoring of injection pressure, injection rate, injected volume, and annulus pressure will be used to ensure internal mechanical integrity. 
The purpose of external mechanical integrity testing is to confirm the absence of significant leakage outside of the casing (40 CFR 146.89(a)(2)). The Permittee will conduct logging in the INSERT INJECTION WELL NAME well on an annual basis to demonstrate external mechanical integrity. [Modify as needed.] 
Mechanical integrity tests (MITs) will be performed annually, within 30 days of the injection authorization date. If the Permittee elects to conduct an alternate MIT, notification that includes the test and a description will be sent to EPA for approval. 
[bookmark: _Toc210807985]Testing Location and Frequency [Modify as needed.]
The tables below provide a summary of the internal and external mechanical integrity monitoring methods and MIT plans in the INSERT INJECTION WELL NAME (Table 11) and INSERT INJECTION ZONE MONITORING WELL NAMES (Table 12).
To demonstrate internal mechanical integrity of the injection well(s), the Permittee will perform annulus pressure tests during well construction and prior to injection, during well workovers and prior to plugging. Annulus monitoring tests will be performed on INSERT INJECTION ZONE MONITORING WELL NAMES well(s) during construction, during well workovers and prior to plugging. Additional testing will be conducted if the pressure or temperature data collected from gauges indicate a potential reduction in mechanical integrity as determined by the Permittee or Director (whose determination shall control in the case of a dispute). 
External MITs on injection wells will be conducted using [an approved tracer survey such as an oxygen-activation log; or a temperature or noise log (see 40 CFR 146.98)] to meet and exceed the requirement of annual testing described in 40 CFR 146.89(c). At least one type of mechanical integrity log will be conducted during construction of INSERT INJECTION WELL NAME. Logging will be repeated during well maintenance events to minimize disruption to the injection schedule. INSERT INJECTION ZONE MONITORING WELL NAMES well(s) will also undergo MITs on an annual basis, logging during construction and once at least every five years thereafter, during subsequent well maintenance. 
[bookmark: _Ref180161710]Table 11. Internal and External Mechanical Integrity Monitoring Methods and Frequency in INSERT INJECTION WELL NAME. [Modify as needed.]
	Internal Mechanical Integrity

	Method
	Pre-Injection
	Injection
	Post-Injection

	Annulus pressure test
	Prior to injection
	During well maintenance; and before plugging
	NA

	Add rows as needed
	
	
	

	External Mechanical Integrity

	Method
	Pre-Injection
	Injection
	Post-Injection

	[This should be an approved tracer survey such as an oxygen activation log, or temperature or noise log.]
	Prior to injection
	Annually and well maintenance events and before plugging. 
	NA

	Add rows as needed
	
	
	


INSERT INJECTION ZONE MONITORING WELL NAMES wells will also be monitored for mechanical integrity.
[bookmark: _Ref180161729]Table 12. Internal and External Mechanical Integrity Monitoring Methods in INSERT INJECTION ZONE MONITORING WELL NAMES. [Modify as needed.]
	Internal Mechanical Integrity

	Method
	Pre-Injection
	Injection
	Post-Injection

	Annulus pressure test
	Prior to injection
	During well maintenance and before plugging
	During well maintenance and before plugging

	Downhole P/T gauges
	Prior to injection
	Continuously
	Continuously for the first 10 years, then annually until plugging

	External Mechanical Integrity

	Method
	Pre-Injection
	Injection
	Post-Injection

	Tracer survey, temperature log, noise log, or other method(s) approved by Director. 

	Prior to injection
	At least one method once every five years; during well maintenance; and before plugging
	At least one method once every five years, during workovers; and before plugging

	Cement Bond Log (CBL), Variable Density Log, ……, ……,
Casing Inspection Log
	Prior to injection
	Casing inspection log at frequency XXX if required by Director. 
	



[bookmark: _Toc210807986]Description of Methods 
[bookmark: _Toc210807987]Internal Mechanical Integrity Using Annulus Pressure Tests [Modify as needed.]

The steps in the annulus pressure test procedure are as follows:
Shut in the well to stabilize the pressures in the INSERT INJECTION WELL NAME.
Connect the testing equipment to the annulus valves and test surface lines to 1,500 psi above the testing pressure.
Ensure there are no surface leaks from the pumping unit to the wellhead valve.
Bleed any air in the system. If necessary, fill the annulus space with packer fluid and corrosion inhibitor.
Record the initial tubing and casing pressure. The well will be tested to at minimum XXX psi in the annulus space, and the pressure should not decrease more than 5% in XX minutes.
Monitor the tubing and casing pressures continuously. Record the final tubing and casing pressure, then bleed the pressure and volume. If the pressure decreases more than 5%, bleed the pressure, test the surface connection, and repeat the test. If there is an indication of mechanical failure, the Permittee will notify the Director within 24 hours.
[bookmark: _Toc210807988]External Mechanical Integrity Testing Using Logging Tools [Modify as needed. Describe tests and procedures for each as well as what constitutes pass/fail.]
The Permittee will use logging tools such as [an approved tracer survey such as an oxygen-activation log; or a temperature or noise log (see 40 CFR 146.89(c))]. These tools will be used to demonstrate mechanical integrity in INSERT INJECTION ZONE MONITORING WELL NAMES well(s). 
[bookmark: _Toc210807989]Pressure Fall-Off Testing
The Permittee will perform pressure fall-off tests during the injection phase as described below to meet the requirements of 40 CFR 146.90(f). 
[bookmark: _Toc210807990]Testing Location and Frequency [Modify as needed.]
Table 13 summarizes the pressure fall-off testing plan for INSERT INJECTION WELL NAME.
[bookmark: _Ref180167559]Table 13. Summary of Pressure Fall-Off Testing.
	Method
	Pre-Injection
	Injection
	Post-Injection

	Fall-off testing
	Prior to injection
	At least once every five years 
	NA


Pressure fall-off testing will be conducted upon completion of INSERT INJECTION WELL NAME to characterize reservoir hydrogeologic properties, aquifer characteristics, and changes in near-well/reservoir conditions that may affect operational CO2 injection behavior.
Following the commencement of injection operations, pressure fall-off testing will be conducted at least once every five years during injection. The objective of the periodic pressure fall-off testing is to determine if any significant changes in the near-wellbore conditions have occurred that may adversely affect the well or reservoir performance.
[bookmark: _Toc210807991]Description of Methods [Modify as needed.]
Pressure fall-off testing is a method of monitoring changes that may impact injectivity or pressure response in the near-wellbore environment.      The fall-off test is conducted by ceasing injection and continuously monitoring the pressure and temperature with downhole gauges. The test continues for a sufficient duration to measure the pressure decline. Results are interpreted to confirm or update operational parameters.
Pressure gauges used to conduct fall-off tests will be calibrated in accordance with the manufacturers’ recommendations. Calibration curves, based on annual calibration checks, can be used for the fall-off test. These calibration curves (showing all historic pressure deviations) will accompany the fall-off test data.
[bookmark: _Toc210807992]Carbon Dioxide Plume and Pressure Front Tracking
The Permittee will employ direct and indirect methods to track the extent of the CO2 plume and the presence or absence of elevated pressure throughout the life of the project to meet the requirements of 40 CFR 146.90(g)(1) and (2). A summary of the methods used for CO2 and pressure front tracking is provided in Table 14 below.
[bookmark: _Toc210807993]Monitoring Location and Frequency [Modify as needed.]
The INSERT FORMATION NAME Injection Zone will be directly monitored using INSERT INJECTION ZONE MONITORING WELL NAME monitoring well(s). The INSERT INJECTION ZONE MONITORING WELL NAME well will be drilled prior to the commencement of CO2 injection and will be located within the maximum extent of the pressure front resulting from CO2 injection. The INSERT INJECTION ZONE MONITORING WELL NAME well will be drilled between XXX and XXX years before / after injection commences. 
The tracking methods are summarized below, and Table 14 describes how the monitoring methods will be utilized throughout the Project. Quality assurance procedures for these methods are presented in sections A and B of the QASP. 
Direct tracking methods include:
Geochemical monitoring of fluids in the Injection Zone and USDW fluids and gases. 
Pressure and temperature measurements from the Injection Zone and the first permeable layer above the confining zone.
Transducers placed in the injection zone behind casing.
Direct measurement of fluid depth in the well.
Indirect tracking methods include: [Complete as appropriate. Examples include seismic, electrical, gravity or electromagnetic surveys and/or downhole CO2 detection tools.]
Estimation of CO2 saturation using ……. in INSERT INJECTION ZONE MONITORING WELL NAMES well(s).
Evaluation of the development and migration pattern of the CO2 plume and pressure front using ………..
Calibration of the dynamic simulation model for the AoR re-evaluation.
[bookmark: _Ref179400674]Table 14. Direct and Indirect Methods and Sampling Frequencies for Tracking the CO2 Plume and Pressure Front. [Modify/add/delete as needed.]
	Direct Methods

	Objective
	Method
	Frequency Pre-Injection
	Frequency Injection
	Frequency Post-Injection*

	Measure geochemical composition of the Injection Zone
	Fluid and dissolved gas sampling in INSERT INJECTION ZONE MONITORING WELL NAMES wells
	Sampling to establish baseline
	
	

	
	Fluid and dissolved gas sampling in INSERT USDW MONITORING ZONE WELL NAME well
	Sampling to establish baseline
	
	

	
	Fluid sampling in INSERT WATER WITHDRAWAL [If applicable.] USDW Groundwater WELL NAMES wells
	Sampling to establish baseline
	
	

	Measure P/T of the Injection Zone
	P/T using gauges in INSERT INJECTION ZONE MONITORING WELL NAMES wells
	Measurement to establish baseline
	
	

	Measure geochemical composition above the confining zone
	
	
	
	

	Indirect Methods

	Objective
	Method
	Frequency Pre-Injection
	Frequency Injection
	Frequency Post-Injection

	Estimate CO2 saturation in the Injection Zone
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	Estimate CO2 plume and pressure extent in the Injection Zone
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	

	* See Attachment E: Post-Injection Site Care, and Site Closure Plan


[bookmark: _Toc210807994]Description of Methods [Modify as needed.]
The direct and indirect tracking methods described in this document meet and/or exceed the requirements of the Testing and Monitoring Plan established in the UIC Class VI Rule. Additional new technologies may be considered in coordination with the Director and may be added to the Plan if approved. Any amendments to the Plan must be approved by the Director and are subject to the permit modification requirements at 40 CFR 144.39 or 144.41, as appropriate.
Fluid and dissolved gas samples were collected while drilling the INSERT INJECTION ZONE MONITORING WELL NAME well and will be collected during construction of future monitoring wells. Additional fluid and dissolved gas sampling will be conducted to constitute a baseline. These samples will be analyzed for their geochemical composition and isotopic characterization. If anomalous pressure and/or temperature changes are observed in an INSERT INJECTION ZONE MONITORING WELL NAME well during injection, fluid samples and/or dissolved gas samples will be obtained for geochemical and isotopic analysis and compared with pre-injection samples.
Downhole and surface gauges for pressure and temperature will be installed in the INSERT INJECTION ZONE MONITORING WELL NAME well. See Section A.4 in the QASP for descriptions of gauges. 
[bookmark: _Toc210807995][bookmark: _Toc210807996]Geochemical Monitoring [Modify as needed.]
Geochemical monitoring will be employed in INSERT INJECTION ZONE MONITORING WELL NAME and INSERT USDW MONITORING ZONE WELL NAME monitoring wells. These data will be compared with the pre-injection geochemical and isotopic characterization to evaluate whether changes are observed. If changes are measured, then the Permittee will assess whether the compositional changes are likely to be the result of naturally occurring biological processes or another source. If sampling results indicate a potential migration of the CO2 stream or formation fluids from the injection zone into a USDW, or other unauthorized zone, the PERMITTEE must notify the Director within 24 hours.  
[bookmark: _Toc210807997]Pressure and Temperature Monitoring
Pressure and temperature gauges will be deployed on the tubing and the injection packer to monitor bottomhole conditions in real time. In INSERT INJECTION ZONE MONITORING WELL NAME well(s), the gauges and cables will be selected to withstand CO2 service conditions as determined by the Permittee or Director (whose determination shall control in the case of a dispute). The Permittee will evaluate the data and interpret the results for semi-annual reports. If a sudden change in pressure or temperature is recorded, the Permittee will immediately cease injection, notify the Director within 24 hours, and evaluate and identify the cause of the change. Additional details on downhole gauge instrumentation are described in the QASP.
[bookmark: _Toc210807998]Saturation Detection Tool Method [Describe methods and frequency of collection. Refer to the QASP.]
[bookmark: _Hlk172719484]A reservoir saturation tool (RST) will log the INSERT INJECTION ZONE MONITORING WELL NAME well annually. This log will be collected in cased holes and can be used to solve for water, oil, and gas saturations.
[bookmark: _Toc210807999][bookmark: _Toc210808000]Seismic Methods [Describe seismic characterization, equipment type, areal extent of survey, 2D or 3D, and depths and types of downhole arrays if used.] 
Timing of Baseline and Repeat Seismic Acquisition [Describe the baseline and spot, repeat, or continuous seismic monitoring.]
DInSAR and GPS Data Acquisition [Description should be tailored to site specifics.]
Table 15 below describes the sampling and recording frequency for DInSAR and GPS data.
[bookmark: _Ref179400824][bookmark: _Toc194393500][bookmark: _Toc194395186][bookmark: _Toc194397121]Table 15. Summary of DInSAR and GPS Sampling Plans.
	Objective
	Method
	Minimum Sampling Frequency
	Minimum Recording Frequency

	Measure surface displacement
	DInSAR
	
	

	
	GPS
	
	



[bookmark: _Toc210808001]Seismicity and Fault Monitoring [Modify and add to suggested text as appropriate.]
[bookmark: _Toc210808002]Monitoring for Natural and Induced Seismicity
Based on information available to the Permittee from the United States Geological Survey (USGS) / regional / local seismic monitoring network, the Project area does/does not [Delete as appropriate] show high seismic activity that could endanger the containment of the CO2 in the storage complex. Seismic history is discussed in more detail in the AoR and Corrective Action Plan (Attachment B of this Permit).
The Permittee will monitor the site with a seismic monitoring system for the duration of the Project through site closure to ensure the protection of USDWs, while also ensuring the safe operation of both the storage facility and adjacent infrastructure in the area. The seismic monitoring will be conducted with a surface array (or downhole fiber optic distributed acoustic sensing array) deployed to ensure detection of events above Moment magnitude (Mw) 1.0, with epicentral locations within X miles of INSERT INJECTION WELL NAME. [If the project requires seismic monitoring, the applicant should also sign up for notifications from the USGS Earthquake Notification Service and monitor alerts at a frequency required by the Director.]
If an event detected by either the Project array or a public (national or state) array occurs within X miles of the INSERT INJECTION WELL NAME, the Permittee will implement the response plan defined below to eliminate or reduce the magnitude and/or frequency of seismic events. Refer to the Emergency and Remedial Response Plan (Attachment F of this Permit) for action thresholds and specific steps. 

[bookmark: _Toc210808003]Induced Seismicity Monitoring Network
[Describe the seismic monitoring network (e.g., Project, state, USGS, etc.). Include a brief description of the Q/A for seismic monitoring. Modify suggested text as appropriate.]
A seismometer array will be deployed to determine the locations, magnitudes, and focal mechanisms of any injection-induced seismic events, in case they occur. This monitoring network will be used to monitor for induced seismicity with a goal of managing the risk through adjustment or cessation of INSERT INJECTION WELL NAME operations as appropriate.
A map of station locations is provided in Figure X. These station locations are used for modeling the expected sensitivity of the array at the Project site. Locations may be changed, if necessary, both to optimize the station locations around surface infrastructure and to provide optimum monitoring of the Project if the modeled pressure plume changes.
[Recommend inserting a map of seismic monitoring stations.]
Figure X. Locations of Passive Seismic Monitoring Stations.
The design and installation of the station array will include the following activities:
Design the seismometer array, model the network performance, coordinate permitting and equipment installation, conduct testing and maintenance.
Field operations to deploy seismic station instrumentation, run power and communication systems, monitor data quality, and do commissioning.
Data acquisition, system configuration, and process setup.
Continuous support and monitoring for data verification and QA/QC.
Continuous near-real-time reporting, including analyst reviews and alert notifications, for events at or above the predetermined magnitude thresholds over the seismic area.
[bookmark: _Toc210808004]Seismicity Monitoring Equipment [Complete as appropriate.]
The equipment proposed for seismic monitoring includes: ….
[bookmark: _Toc210808005]Reporting
The results of all testing and monitoring are to be described in a semiannual report that will be submitted to EPA. The QASP (Appendix A of this Plan) is a required element of the Testing and Monitoring Plan, which the Permittee must comply with and is directly enforceable. See 40 CFR 146.91 and the introductory paragraph of 40 CFR 146.90.
[bookmark: _Toc210808006]Testing and Monitoring Plan Version History
	File Name
	Version
	Date
	Comments

	Attachment C—TMXX
	1
	dd/mm/yyyy
	

	Attachment C—TMXX
	2
	
	Addition/modification of …


[bookmark: _Toc210808007]References
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