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1. Introduction 

This Post-Injection Site Care and Site Closure Plan describes the activities that Tri-State CCS, 
LLC will perform to meet the requirements of 40 CFR 146.93 at Tri-State CCS Buckeye 2 in 
Jefferson and Harrison counties, Ohio (the “project’). Injection is planned in 20 wells for 30 years 
into the Rose Run Sandstone injection interval in the Knox Injection Complex (KIC) followed by 
30 years of injection into the Medina Group injection interval in the Medina Injection Complex 
(MIC). Tri-State CCS, LLC will monitor groundwater quality and track the position of the CO2 
plume and pressure front for 80 years post-injection in the KIC and 50 years post-injection in the 
MIC. Tri-State CCS, LLC may not cease post-injection monitoring until a demonstration of non-
endangerment of USDWs has been approved by the UIC Program Director pursuant to 40 CFR 
146.93(b)(3). Following approval for site closure, Tri-State CCS, LLC will plug all monitoring 
wells, restore the site to its original condition, and submit a site closure report and associated 
documentation. 

2. Pre- and Post-Injection Pressure Differential [40 CFR 146.93(a)(2)(i)] 

Based on modeling of the pressure fronts in both the KIC and MIC for the Area of Review (AoR) 
delineation, pressure in the injection wells decreases rapidly at the end of injection through the 
first 5 years post-injection, then the rate steadily decreases over the remaining post-injection 
periods in the KIC and MIC (Figure 1 and Figure 2). Modeling indicates that pressure at the 
injection wells will not decrease to pre-injection levels during the post-injection periods for the 
KIC or MIC but steadily decreases to below the critical pressure threshold (362 psi for the Rose 
Run Sandstone or 226 psi for the Medina Group) from the outer perimeter of wells to the inner. 
The critical pressure threshold front will be modeled consistently through the PISC period to 
confirm it has predictable behavior within the bounds of the AoR. Figure 3 and Figure 4 show the 
pressure differential with time at the top of the injection zones at the proposed monitoring well 
locations. The CO2 plume area and extent of the critical pressure threshold front (using a 362-psi 
cut-off) in the Rose Run Sandstone with time is presented in Figure 5, with the CO2 plume area 
being calculated by determining the area of the vertically integrated CO2 mass per unit area for a 
single plume, representing the area of each plume. Figure 6 shows the CO2 plume area and extent 
of the critical pressure threshold front (using a 226-psi cut-off) in the Medina Group. Additional 
information on the projected post-injection pressure declines and differentials and CO2 plume 
shape and extent is presented in Section 2.0 of the Area of Review and Corrective Action Plan.  
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Figure 1: Simulated pressure differential at injection wells perforated in the Rose Run Sandstone, 
assuming 30 years of injection into the Rose Run Sandstone followed by 80 years post-injection in the 
Rose Run Sandstone.  

 

 
Figure 2: Simulated pressure differential at injection wells perforated in the Medina Group, 
assuming no injection in the Medina Group for the first 30 years followed by 30 years of injection 
into the Medina Group and 50 years post-injection in the Medina Group.  
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Figure 3: Simulated pressure differential at monitoring wells perforated in the Rose Run Sandstone, 
assuming 30 years of injection into the Rose Run Sandstone followed by 80 years post-injection in the 
Rose Run Sandstone.  

 
Figure 4: Simulated pressure differential at monitoring wells perforated in the Medina Group, 
assuming no injection in the Medina Group for the first 30 years followed by 30 years of injection 
into the Medina Group and 50 years post-injection in the Medina Group. 
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Figure 5: Extent of the critical pressure threshold front (at 362 psi cut-off) and CO2 plume area in 
the Rose Run Sandstone with time summed over all twenty injection wells, assuming 30 years of 
injection followed by 80 years post-injection in the Rose Run Sandstone. Each distinct CO2 plume 
area is determined as defined by the vertically integrated mass of gas CO2 per area (VIMPA). 

 
Figure 6: Extent of the critical pressure threshold front (at 226 psi cut-off) and CO2 plume area in 
the Medina Group with time summed over all twenty injection wells, assuming no injection in the 
Medina Group for the first 30 years followed by 30 years of injection and 50 years post-injection in 
the Medina Group. Each distinct CO2 plume area is determined as defined by the vertically integrated 
mass of gas CO2 per area (VIMPA). 
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3. Predicted Position of the CO2 Plume and Associated Pressure Front at Site Closure [40 
CFR 146.93(a)(2)(ii)] 

Figure 7 shows the predicted extent of the CO2 plume and critical pressure threshold front in the 
KIC at site closure (after 30 years of injection and 80 years post-injection). The maximum extent 
of the CO2 plume in the KIC occurs at site closure. The maximum extent of the critical pressure 
threshold front in the KIC in some areas occurs at the end of the injection; however, in other areas, 
it occurs 10 years after the end of injection. After that, the extent of the critical pressure threshold 
front in the Rose Run Sandstone continuously shrinks. At site closure, modeling indicates the 
pressure differential has decreased below the critical pressure threshold at 19 of the 20 injection 
wells.  

Figure 8 shows the predicted extent of the CO2 plume and critical pressure threshold front in the 
MIC at site closure (after 30 years of no injection followed by 30 years of injection and 50 years 
post-injection). The maximum extent of the CO2 plume in the MIC occurs at site closure. The 
maximum extent of the critical pressure threshold front occurs at different times in different areas, 
however, it decreases in all areas after 30 years post-injection in the MIC. After that, the extent of 
the critical pressure threshold front in the Medina Group continuously shrinks. At site closure, 
modeling indicates the pressure differential decreases below the critical pressure threshold at 7 of 
the injection wells on the outer perimeter of the project.  

The critical pressure threshold front in both the KIC and MIC will be monitored through the PISC 
period to confirm it has predictable behavior within the bounds of the AoR and to ensure 
nonendangerment of USDWs.  For more information on the temporal evolution of the CO2 plume 
and critical pressure threshold front and AoR delineation, see the modeling results submitted 
pursuant to 40 CFR 146.84 and presented in Section 3.0 of the Area of Review and Corrective 
Action Plan.  
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Figure 7: Map of the AoR and predicted extent of the CO2 plume and critical pressure threshold 
front at site closure in the KIC, after 30 years of injection followed by 80 years post-injection. 
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Figure 8: Map of the AOR and predicted extent of the CO2 plume and critical pressure threshold 
front at site closure in the MIC, after 30 years of no injection followed by 30 years of injection and 
50 years post-injection.  
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4. Post-Injection Monitoring Plan [40 CFR 146.93(b)(1)] 

Performing groundwater monitoring, lowermost underground source of drinking water (USDW) 
monitoring, and injection formation pressure and temperature monitoring as described in the 
following sections during PISC timeframe of 80 years post-injection in the KIC and 50 years post-
injection in the MIC will meet the requirements of 40 CFR 146.93(b)(1). PISC monitoring 
following injection into the KIC will occur in the first permeable unit above the Wells Creek 
Formation confining zone. PISC monitoring following injection into the MIC will occur in the first 
permeable unit above the Rochester Shale Formation confining zone. The first permeable unit will 
be defined as the first unit above the confining zone of the injection complex with porosity ≥3% 
and permeability ≥ 1 md, unless an alternate permeable unit is identified during drilling and 
evaluation of the injection well. The results of all post-injection phase testing and monitoring will 
be submitted annually, within 60 days following the anniversary date of the date on which injection 
ceases or with the prior approval of the UIC Program Director, as described under subsection 4.3 
below. Pursuant to 40 CFR 146.93(b)(2), however, Tri-State CCS, LLC could propose a shorter 
PISC timeframe after injection ceases if merited based on review of the plume relaxation. Such a 
proposal would be made based on a demonstration to the UIC Program Director that a shorter 
period would be protective of USDWs. 

Following the cessation of injection into the MIC, all injection wells may be converted to 
monitoring wells that will contribute monitoring data for five years at the discretion of Tri-State 
CCS, LLC, as they did during the injection phase of the project. If the injection wells are not 
converted into monitoring wells, they will be plugged and abandoned. See the Injection Well 
Plugging Plan for each injection well for more details. No monitoring technologies will be added 
during the PISC phase of the project. The post-injection phase will include monitoring for gas 
leaks in the wellheads and valves, external mechanical integrity testing, groundwater sampling, 
direct pressure and temperature measurements, and indirect and direct plume tracking. Every five 
years during the PISC phase of the project, the monitoring data will be incorporated into 
computational models, and the monitoring plan will be reviewed and updated, if needed, based on 
modeling results. Details on the specific technologies utilized and frequency for monitoring 
strategies pursuant to 40 CFR 146.93(a)(iii) are provided in Table 1 below. Please refer to the 
Testing and Monitoring Plan for more detailed information on the testing and monitoring 
technologies. The monitoring strategy utilizes a fixed frequency schedule to collect data. A Quality 
Assurance and Surveillance Plan (QASP) for all testing and monitoring activities is provided in 
the appendix to the Testing and Monitoring Plan.  

Tri-State CCS, LLC plans to secure options for rights to surface access in the AoR for the life of 
the project. In-well monitoring technologies will be implemented until the start of each well’s 
plugging and abandonment procedure. All PISC monitoring technologies will be implemented for 
a minimum of 50 years or according to the Director-approved alternate PISC timeframe if 
proposed. 
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4.3. Schedule for Submitting Post-Injection Monitoring Results [40 CFR 
146.93(a)(2)(iv)] 

All PISC monitoring data and monitoring results collected using the methods described above will 
be submitted to the UIC Program Director annually, within 60 days following the anniversary date 
on which injection in the MIC ceases or alternatively with the prior approval of the UIC Program 
Director. During the 30-year period of injection into the MIC, PISC monitoring results for the KIC 
will be submitted semi-annually as part of the monitoring for the MIC, other than the groundwater 
sampling which will be submitted annually. The reports will contain information and data 
generated during the reporting period, i.e., well-based monitoring data, sample analysis, and the 
results from updated site models. 

5. Non-Endangerment Demonstration Criteria 

Prior to approval of the end of the post-injection phase, Tri-State CCS, LLC will submit a 
demonstration of non-endangerment of USDWs to the UIC Program Director, per 40 CFR 
146.93(b)(2) and (3).  

Tri-State CCS, LLC will issue a report to the UIC Program Director that makes a demonstration 
of USDW non-endangerment based on the evaluation of the site monitoring data used in 
conjunction with the project’s computational model. The report will detail how the non-
endangerment demonstration evaluation uses site-specific conditions to confirm and 
demonstrate non-endangerment. The report will include all relevant monitoring data and 
interpretations upon which the non-endangerment demonstration is based, model documentation 
and all supporting data, and any other information necessary for the UIC Program Director to 
review the analysis. The report will include the following sections. 

5.1. Introduction and Overview 

A summary of relevant background information will be provided, including the operational history 
of the injection project, the date of the non-endangerment demonstration relative to the post-
injection period outlined in this Post-Injection Site Care and Site Closure Plan, and a general 
overview of how monitoring and modeling results will be used together to support a demonstration 
of USDW non-endangerment. 

5.2. Summary of Existing Monitoring Data 

A summary of all previous monitoring data collected at the site, pursuant to the Testing and 
Monitoring Plan and this Post-Injection Site Care and Site Closure Plan, including data collected 
during the injection and post-injection phases of the project, will be submitted to help demonstrate 
non-endangerment. Data submittals will be in a format acceptable to the UIC Program Director 
(40 CFR 146.91(e)), and will include a narrative explanation of monitoring activities, including 
the dates of all monitoring events, changes to the monitoring program over time, and an 
explanation of all monitoring infrastructure that has existed at the site. Data will be compared with 
baseline data collected during site characterization (40 CFR 146.82(a)(6) and 146.87(d)(3)). 
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5.3. Summary of Computational Modeling History 

The results of computational modeling used for AoR delineation will be compared to monitoring 
data collected during injection and the PISC period. The data will include the results of time-lapse 
temperature and pressure monitoring, and groundwater quality analysis used to update the 
computational model and to monitor the site. Data generated during the PISC period will be used 
to help show that the computational model accurately represents the storage site and can be used 
as a proxy to determine the plumes’ properties and sizes. Tri-State CCS, LLC will demonstrate 
this degree of accuracy by comparing the monitoring data obtained during the PISC period against 
the model’s predicted properties (i.e., plume locations, rates of movement, pressure decay). 
Statistical methods will be employed to correlate the data and confirm the model’s ability to 
accurately represent the storage site. The validation of the computational model with the large 
volume of available data will be a significant element to support the non-endangerment 
demonstration. The validation of the complete model over the areas, and at the points, where direct 
data is collected will help to ensure confidence in the model for those areas where surface 
infrastructure preclude geophysical data collection and where direct observation wells cannot be 
placed.  

5.3.1. Evaluation of Reservoir Pressure 

Tri-State CCS, LLC will support the demonstration of non-endangerment to USDWs by showing 
that, during the PISC period, the pressure in the injection zones has decreased towards pre-
injection static reservoir pressure values. The increased pressure during injection is the main 
driving force for fluid movement that may endanger a USDW. Therefore, the decay in pressure 
differentials will provide justification that the injectate does not pose a risk to any USDWs.  

During the PISC period, Tri-State CCS, LLC will monitor downhole pressure gauges and collect 
formation pressure data that will be used to evaluate pressure decline and resulting non-
endangerment to USDWs. The measured pressure at a specific depth interval will be compared 
against the pressure predicted by the numerical simulation. Agreement between the predicted 
values will help validate the accuracy of the model and demonstration of non-endangerment.  

5.3.2. Evaluation of CO2 Plume 

The plume areas are expected to increase in aerial extent over time, while decreasing notably in 
CO2 saturation density. During the PISC period, the CO2 saturation density in each injection zone 
will be monitored to understand the evolution of the plume fronts. Tri-State CCS, LLC will use 
direct pressure monitoring to track the pressure front evolution in both injection zones throughout 
the project’s life. DTS technology will be run on the outside of the long string casing along the 
entirety of all injection and in-zone observation wellbores. PNC logging will be used in the 
injection wells, any in-zone observation wells, or any above-zone / lowermost USDW observation 
wells with detected containment loss. A good correlation between data sets and modeled plume 
thicknesses will help provide strong evidence in validating the model’s ability to represent the 
storage system.  
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Both the DTS and PNC data will be used to verify the computational model’s ability to predict the 
CO2 behavior in the PISC phase of the project and support a demonstration of non-endangerment 
of USDWs at the end of the project.  

5.3.3. Evaluation of Emergencies or Other Events 

During injection and the PISC phase of the project, measurement of water quality parameters from 
monitoring wells will be used to demonstrate that the storage formation fluids have not migrated 
above the confining formations and, thus, do not pose a risk to USDWs. To demonstrate non-
endangerment, the project will compare the results of the fluid sampling from the lowermost 
USDW from the injection and PISC phases to the pre-injection baseline samples. This comparison 
will demonstrate whether significant changes in fluid properties of the overlying formations have 
occurred and whether mobilized storage formation fluids have moved through the confining layer. 
All wells associated with the project will be plugged and abandoned appropriately, per the 
Plugging Plan for each injection well and this Post-Injection Site Care and Site Closure Plan. 
Legacy wells will be remediated in accordance with the Area of Review and Corrective Action 
Plan. Tri-State CCS, LLC will retain surface access to the AoR through pore space agreements for 
the life of the project.  

6. Site Closure Plan 

Tri-State CCS, LLC will conduct site closure activities to meet the requirements of 40 CFR 
146.93(e). The procedure for site closure is described below, but the actual site closure plan may 
employ different methods and procedures. A final Site Closure Plan will be submitted to the UIC 
Program Director for approval with the notification of the intent to close the site. 

6.1. Site Closure Procedure 

Tri-State CCS, LLC will notify the UIC Program Director at minimum 120 days prior to site 
closure. Upon receiving authorization for site closure, all monitoring wells shall be plugged and 
abandoned (P&A) as outlined in subsection 6.3 below. The following steps are to be used as a 
general guide during site closure: 

• Notify the UIC Program Director and all relevant local, state, and federal government 
agencies of intent to close the project site. 

• Decommission equipment. 
• P&A all monitoring and related project wells. 
• Return well locations to pre-injection conditions including site reclamation, as necessary. 
• Complete and submit the Site Close Report to the UIC Program Director within 90 days. 

6.2. Equipment Decommissioning 

The decommissioning of equipment will be completed in two steps: after the cessation of injection 
in the MIC where equipment required to inject CO2 is no longer necessary and at the end of the 
PISC period. 

Step 1: After cessation of injection in the MIC, surface equipment necessary to safely 
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sequester CO2 such as pumps, flowlines, flowmeter, annular pressure monitoring 
equipment, and piping and control equipment will no longer be necessary and shall be 
dismantled and removed from the project. 

Step 2: After the PISC period, surface equipment related to the monitoring activities 
demonstrated in this plan and as part of the PISC period outlined in the Testing and 
Monitoring Plan will be decommissioned. This includes the plugging and abandonment of 
all project wells, removal of surface facilities, and reclamation of the land to pre-injection 
conditions. The plugging and abandonment procedures are outlined below and are designed 
to ensure containment of the injected CO2 and for protection of USDWs. 

6.3. Site Closure Plugging Program 

Once the UIC Program Director has authorized site closure, all observation wells will be plugged 
and abandoned following state regulations described in subsection 6.3.1 below. Plugging will be  
in a manner similar to that described in the Injection Well Plugging Plan to prevent migration of 
CO2 in formation fluids to the USDWs. Each well will be plugged and abandoned using best 
practices to ensure no fluid movement between the injection zone and the USDWs. The internal 
and external integrity of the wells will be confirmed by conducting either a temperature log, noise 
log, or oxygen activation log before the wells are plugged. Additionally, a pressure fall-off test 
will be performed above the perforated intervals, where present, to confirm well integrity. The 
logging results will be reviewed and approved by the appropriate regulatory agencies before 
plugging the wells.  

6.3.1. State Requirements 

All wells will follow the state regulations with respect to plugging and abandonment and well site 
closure pursuant to Ohio Administrative Code (OAC) Chapter 1509:9-11 including but not limited 
to: 

• Permit to Plug (ODNR Form 1P): Prior to initiating plugging activities, Tri-State CCS, 
LLC will submit an application for a Permit to Plug to the Ohio Department of Natural 
Resources (ODNR) for each observation well along with a Plugging Plan, Ohio Registered 
Surveyor’s Plat, well completion record, and fee. Plugging activities shall not begin until 
ODNR issues the permit and the ODNR inspector is notified at least 24 hours prior to 
commencement. [OAC 1409:9-11-02 and 04] 

• The plugging plan will be designed to isolate oil, natural gas, hydrogen sulfide, brine, 
water, or other fluids to the reservoir rock in which it occurs or originates, isolate mineable 
coal seams, and prevent movement of fluids into or between USDWs. [OAC 1409:9-11-
03] 

• Within 30 days of plugging completion, a plugging report shall be submitted to the ODNR 
that includes a cementing ticket and an affidavit attesting that all information included in 
the report and the attached tickets are true and accurate. [OAC 1409:9-11-12] 
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6.3.2. Site Restoration 

At the direction of the UIC Program Director, Tri-State CCS, LLC will restore the site to a 
condition agreed to with the UIC Program Director, as close to pre-injection conditions as possible. 
This includes removing surface equipment, road access, and any other facilities that remain on 
location. The preliminary vegetation type and density of the area will be utilized to ensure that pre-
injection conditions are established. 

6.3.3. Site Closure Report 

Within 90 days of site closure, Tri-State CCS, LLC shall submit a Site Closure Report to the UIC 
Program Director. This report will be retained at a location designated by the UIC Program 
Director for 10 years. The report will contain at minimum the following information: 

• Documentation of appropriate injection and monitoring well plugging; 
• Location of sealed injection wells on a plat of survey that has been submitted to Jefferson 

or Harrison County, depending on the well’s location; 
• Notifications to state and local authorities as required at 40 CFR 146.93(f)(2); 
• Records regarding the nature, composition, and volume of the injected CO2; and 
• Post-injection monitoring records. 

Tri-State CCS, LLC will record a notation to the property’s deed on which each injection well was 
located that will indicate the following: 

• That the property was used for CO2 sequestration; 
• The name of the local agency to which a plat of survey with injection well location was 

submitted; 
• The volume of fluid injected; 
• The formations into which the fluid was injected; and 
• The period over which the injection occurred. 

The Site Closure Report will be submitted to the UIC Program Director and maintained by Tri-
State CCS, LLC for a period of 10 years following site closure. Additionally, Tri-State CCS, LLC 
will maintain the records collected during the post-injection period for a period of 10 years after 
which these records will be delivered to the UIC Program Director. 
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