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Notice 
This report was prepared by Battelle as an account of work sponsored by an agency of the 
United States Government and other project sponsors, including Core Energy, LLC and The 
Ohio Development Services Agency. Neither the United States Government, nor any agency 
thereof, nor any of their employees, nor Battelle and other cosponsors, makes any warranty, 
express or implied, or assumes any liability or responsibility for the accuracy, completeness, or 
usefulness of any information, apparatus, product, or process disclosed, or represents that its 
use would not infringe privately owned rights. Reference herein to any specific commercial 
product, process, or service by trade name, trademark, manufacturer, or otherwise does not 
necessarily constitute or imply its endorsement, recommendations, or favoring by the United 
States Government or any agency thereof. The views and the opinions of authors expressed 
herein do not necessarily state or reflect those of the United States Government or any agency 
thereof. 

Battelle does not engage in research for advertising, sales promotion, or endorsement of our 
clients’ interests including raising investment capital or recommending investments decisions, or 
other publicity purposes, or for any use in litigation. 

Battelle endeavors at all times to produce work of the highest quality, consistent with our 
contract commitments. However, because of the research and/or experimental nature of this 
work the client undertakes the sole responsibility for the consequence of any use or misuse of, 
or inability to use, any information, apparatus, process or result obtained from Battelle, and 
Battelle, its employees, officers, or Trustees have no legal liability for the accuracy, adequacy, 
or efficacy thereof. 
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Development of an MRV Plan for Core Energy LLC, 
Otsego County, Michigan 

1  Project Background 
The Midwest Regional Carbon Sequestration Partnership (MRCSP) was established to assess 
the technical potential, economic viability, and public acceptability of carbon sequestration within 
the midwestern United States. It was established by the U.S. Department of Energy (DOE) 
National Energy Technology Laboratory (NETL) as part of its overall strategy to (1) develop 
technologies that will support industries’ ability to predict carbon dioxide (CO2) storage capacity 
in geologic formations to within ±30%; (2) develop technologies to demonstrate that 99 percent 
of injected CO2 remains in the injection zones; and (3) contribute technical expertise and 
lessons learned for development of Best Practices Manuals.  

A primary goal of the MRCSP Development Phase effort is to execute a large-volume CO2 
injection test on a scale of 1 million metric tons (MT). The most practical opportunity for 
conducting this large-volume injection test in the MRCSP region is to plan and execute it in 
collaboration with enhanced oil recovery (EOR) activities, an approach which also allows 
research on concurrent utilization of CO2.  

In the MRCSP region, CO2 for large-scale injection is available from Antrim-shale gas 
processing plants. Some of this CO2 is already utilized for oil recovery from pinnacle carbonate 
reefs located in the northern part of the lower peninsula of Michigan. More than 800 such 
carbonate reefs have been found in the area, and carbonate formations also form potential CO2 
storage targets in much of the MRCSP region. The various reef structures are in one of the 
following stages of the production life cycle; undiscovered and pre-production reefs, primary 
production, EOR, and post-EOR depleted reefs.  

The large-scale field test will leverage existing EOR operations in the MRCSP region to 
examine and optimize methods and technologies used to obtain and interpret data on geologic, 
hydrologic, geomechanical, and geochemical properties. The overall goal of the large-volume 
geologic injection of CO2 is to address issues relevant to future carbon capture, utilization, and 
storage (CCUS) projects; the objectives for meeting this goal are as follows:  

• Proving adequate injectivity and available capacity  
• Proving storage permanence  
• Determining areal extent of plume and potential leakage pathways  
• Developing risk assessment strategies  
• Developing best practices  
• Engaging in public outreach and education  
• Contributing to the improvement of addressing permitting requirements  

These objectives were accomplished by (1) injecting >1 million metric tons of CO2 into oil fields 
(i.e., Niagaran reefs) at different stages in their production life cycles; (2) using oil and gas fields 
as test beds for innovative monitoring, verification, and accounting (MVA) technologies; 
(3) performing reservoir modeling, augmented by hydraulic, geophysical, and system 
monitoring; and (4) integrating results into the National Carbon Sequestration Database and 
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Geographic Information System (NATCARB), participating in technical working groups, and 
communicating results to MRCSP members.  

The CO2 procurement, injection, and monitoring operations in the oil fields are categorized 
according to stages in the life cycle of EOR operations, designated as follows: Category 1 
(nearly depleted reefs); Category 2 (active CO2-EOR reefs); and Category 3 (newly targeted 
reefs). For the CO2 injection test, wells and pipelines were instrumented to obtain geological and 
operational data that has been used to validate reservoir simulation models and help account 
for material balance of EOR system components to determine how much CO2 is retained in the 
formations. Category 1 (nearly depleted) Niagaran reefs are late-stage EOR reefs that have 
undergone extensive primary and secondary oil recovery and are pressure-depleted. 
Category 2 (active) Niagaran reefs are operational EOR reefs, in which primary oil recovery is 
completed and secondary oil recovery phase is currently under way using CO2 injection. 
Category 3 (newly targeted) Niagaran reefs typically have undergone primary oil recovery, but 
no secondary oil recovery using CO2 has been attempted. As new wells are drilled for EOR 
operations in these reefs, MRCSP also had the opportunity to “piggyback” and collect extensive 
data in the form of core samples, advanced wireline logs, and advanced reservoir well tests and 
thus obtain valuable additional information about the subsurface geology.  

The host/partner, Core Energy, LLC, provided injection-ready CO2 for the large-scale injection 
test in a composition consistent with Class II permits. Core Energy also provided the 
infrastructure (wells, compressors, pipelines, and controls) needed for CO2 injection for the 
project.  

One of the tasks completed under MRCSP was the completion and submission of a monitoring, 
reporting, and verification (MRV) plan to conform with U.S. Environmental Protection Agency 
(EPA) guidelines set forth in its greenhouse gas reporting program (GHGRP) and possibly to 
meet the requirement to qualify for the 45Q tax credit for geologic carbon storage. Both of these 
requisite priorities are critical to establish future CCUS projects and mitigate implementation 
costs, making CCUS projects more economic and successful.  

2  Task Scope 
This report summarizes the process and work completed to develop and successfully submit an 
MRV plan to EPA. This work used the lessons learned from various MRCSP tasks to 
demonstrate the geologic understanding of the Niagaran reefs, successful monitoring and 
accounting methodologies, understanding of potential risks and leakage pathways, and mass 
balance of CO2 baseline and net storage. The plan currently encompasses 10 reefs and also 
provides a reporting plan for future reef development. The final and accepted MRV plan, titled 
“Northern Niagaran Pinnacle Reef Trend (NNPRT) CO2 Monitoring, Reporting, and Verification 
(MRV) Plan,” is included as Appendix A, along with EPA’s approval decision letter dated 
October 12, 2018, and the technical review of the submitted MRV plan (see file 
“coreenergyniagaran_decision.pdf”). 
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3  MRV Process and Requirements 

3.1 Process 

EPA developed guidelines and requirements for the reporting of CO2 stored in geologic 
formations (Appendix B, “Geologic Sequestration of Carbon Dioxide: Subpart RR”) as quoted 
below: 

“Under subpart RR of the Greenhouse Gas (GHG) Reporting Program, facilities that 
conduct geologic sequestration of carbon dioxide (CO2) must report basic information on 
the amount of CO2 received for injection; develop and implement an EPA-approved 
monitoring, reporting, and verification (MRV) plan; and report the amount of CO2 
sequestered using a mass balance approach and annual monitoring activities.” 

Core Energy worked closely with Battelle to draft and submit a final MRV plan which met EPA 
requirements and was accepted on October 12, 2018. Prior to submission of the formal MRV 
plan in September 2018, Battelle and Core Energy met with the EPA staff to understand the 
plan approval process and expectations of the Subpart RR - Reporting Rule in Code of Federal 
Regulations (CFR), 40 CFR Part 98, under which elements of the MRV plan are described. The 
process included the following elements (Figure 1): 

1. Reviewing Subpart RR requirements and other EPA-accepted MRV plans 
2. Defining actual monitoring areas (AMAs) and maximum monitoring areas (MMAs) 
3. Screening and evaluating monitoring technologies deployed under MRCSP to determine the 

best method for monitoring and accounting net CO2 stored in Niagaran reefs 
4. Performing baseline calculations following mass balance equations provided in Subpart RR 
5. Drafting and submitting the MRV plan  
6. Managing iterations of revisions and review of the MRV plan with EPA before final 

acceptance 
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Figure 1.  Flow diagram illustrating the process to draft, submit, and finalize the MRV plan. Modified after 
NETL’s Best Practices Manual: Monitoring, Verification, and Accounting (MVA) for Geologic Storage 
Projects (NETL, 2017). 

3.2 EPA Subpart RR Requirements 

EPA requires the following information to be included in the MRV plan and to be reported 
annually (Appendix B): 

1. The mass of CO2 injected into the subsurface.  
2. The mass of CO2 produced from oil or gas production wells or from other fluid wells. 
3. The mass of CO2 emitted from surface leakage. 
4. The mass of CO2 emissions from equipment leaks and from vented emissions of CO2 

sources between the injection flow meter and the injection wellhead and between the 
production flow meter and the production wellhead.  

5. The mass of CO2 sequestered in subsurface geologic formations, calculated by subtracting 
total CO2 emissions from CO2 injected in the reporting year. 

6. The cumulative mass of CO2 reported as sequestered in subsurface geologic formations in 
all years since the facility became subject to Subpart RR.  

Additionally, the following elements were needed to demonstrate the due diligence and safe 
storage of CO2 into Niagaran reefs: 

• Description of facilities and equipment 
• Geologic understanding of the reservoirs and caprocks 
• Definition of the monitoring areas 
• Evaluation of potential subsurface and/or surface leakage pathways 
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• Monitoring process 
• MRV schedule, quality assurance plan, and record retention 

4 Summary  
Core Energy and Battelle developed an EPA-accepted MRV plan in accordance with 40 CFR 
§98.440-449 (Subpart RR) to provide for the monitoring, reporting, and verification of the 
quantity of CO2 sequestered at the Core Energy facility since EOR first began at the Dover 33 
reef in 1996. Since 1996, 10 reefs have been added to the NNPRT EOR complex. Past records 
from previous operators and from Core Energy’s active EOR operations since 2004 were 
analyzed to establish a baseline of stored CO2 through December 2017. Core Energy plans to 
submit required annual quantities of CO2 sequestered in each calendar year starting in year 
2018.  

The MRV plan allows Core Energy to make modifications to their existing CO2-EOR facility, 
including: 

• Adding new sources of CO2 
• Making modifications to the configuration of a reef, including adding new wells, abandoning 

existing wells, and changing the status of wells (such as converting an injection well to a 
producer well and vice versa) 

• Acquiring new reefs  
• Abandoning existing reefs 
• Acquiring new facility equipment 
• Acquiring new pipeline routes 
 

This plan describes how CO2-EOR and ancillary storage take place in the reefs and how Core 
Energy will apply the requirements in 40 CFR §98.440-449 (Subpart RR) to calculate the annual 
amount of CO2 stored throughout the entire Core Energy CO2-EOR facility. Once the AMAs and 
MMAs of the reefs are defined, the plan requires Core Energy to perform mass balance of CO2 
received, CO2 injected into the subsurface, CO2 produced and recycled, and CO2 lost due to 
emissions by surface leakage. Section 7 of the attached MRV plan (Appendix A) describes 
various mass balance equations that will be utilized by Core Energy (Subpart RR §98.443). 
Specifically, Equation RR-11 (Section 7.5) summarizes the mass of CO2 sequestered in 
subsurface geologic formations across the entire CO2-EOR complex. 

The draft MRV plan was submitted in September 2018 and after review and addressing of the 
comments, EPA published the approved plan in October 2018 (see EPA website 
https://www.epa.gov/ghgreporting/subpart-rr-geologic-sequestration-carbon-dioxide). The 
preparation, review, and acceptance of the MRV plan is a key achievement for the MRCSP 
Program and signifies the relevance of the MRCSP research for commercialization of CCUS 
technologies and development of approved carbon credits. 

All facilities with approved MRV plans that conduct geologic sequestration are required to 
submit annual reports to EPA by March 31 of each year after their MRV plans are approved. As 
such, Core Energy will submit its annual report (for 2018) to EPA on the amount of CO2 that is 
geologically sequestered and a statement on annual monitoring activities by March 31, 2019. 

https://www.epa.gov/ghgreporting/subpart-rr-geologic-sequestration-carbon-dioxide
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