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1.0 Project Narrative 

1.1 Project Background and Contact Information 

Marquis Carbon Injection, LLC’s primary goal of this project is to capture and sequester carbon 
dioxide (CO2) near Hennepin, Putnam County, Illinois. As this application will show, the 
Marquis Biocarbon Project site possesses outstanding features which once developed will 
enhance the standing of Illinois as the country’s leader in the geological sequestration of CO2.  

The Marquis Biocarbon Project will result in the sequestering over a million tons per year of 
pure biogenic CO2 upon project completion without the development of any advanced stack gas 
cleanup technologies.  Additionally, carbon capture and storage can play a key role in reducing 
the carbon intensity for hydrogen hubs being developed within Illinois and the ongoing efforts to 
reach climate neutrality.   

The potential of the project has been confirmed by an extensive campaign of data collection from 
regional sources and included drilling, logging, reservoir testing and core sampling a deep 
characterization well (MCI MW 1) and acquiring a comprehensive two-dimensional (2D) 
seismic program which was completed in 2021, and a high-density three-dimensional (3D) 
seismic program which was completed in 2022.  The 3D high density seismic data will be tied to 
the site characterization well data and the CO2 velocity modeling in order to provide the most 
accurate prediction of CO2 plume development over time.  The 3D seismic data will also serve as 
a baseline survey for future time-lapse 3D surface seismic surveys.  The information collected 
did not show the potential for faulting or significant fracture pathways that would affect the 
containment of CO2 at the Marquis Biocarbon Project site.  This data collection program was 
specifically acquired to support this application and was designed to address the specific 
requirements of the EPA Class VI rule. 

A robust earth model has been built and calibrated using this new data and modeling results 
clearly indicate that the Marquis Biocarbon Project site has world class subsurface characteristics 
making it an ideal location for the safe and efficient sequestration of CO2. The Mt. Simon 
sandstone formation has very favorable characteristics at the site and the overlaying Eau Claire 
shale provides a significant cap rock to prevent upward migration of CO2.  

1.1.1 Project Goals 

In this project, Marquis Carbon Injection, LLC plans to: 

• Construct a capture and compression system at the ethanol facility 

• Build the infrastructure needed to transport CO2 to the injection site 

• Drill injection (MCI CCS 3) and monitoring (MCI MW 2 and MCI ACZ 1) wells to 

inject and monitor CO2, respectively  
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Figure 1-1: The Marquis Biocarbon Project site sits on the northern edge of the Illinois Basin. The Mt. 
Simon Sandstone in Hennepin, Illinois has been identified as the target injection zone for CO2 storage. 

Also shown are the FutureGen2 and the Illinois Basin – Decatur Project sites, which have demonstrated 
the capability for CO2 storage in the Mt. Simon Sandstone 
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Figure 1-2: Stratigraphic column with lithology and hydrostratigraphy for the Marquis Biocarbon Project 
site based on data from the characterization well, MCI MW 1. ft = feet; MDKB = measured depth below 

kelly bushing; ppm = parts per million; USDW = underground source of drinking water. 
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There are several geologic structures northeast of Putnam County (Figure 1-3). At the Marquis 
Biocarbon Project site, these structures do not appear to have a significant impact on the 
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Figure 1-3: Principle geologic structures of Illinois (modified from Willman et al., 1975). Red lines A-A’ 
and B-B’ are cross section of the region, see Figure 1-5. 

1.2.2 Maps and Cross Sections of the AoR [40 CFR 146.82(a)(2), 146.82(a)(3)(i)] 
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Figure 1-4: Map showing the modeled CO2 plume footprint, AoR, and existing and proposed project wells 
within the AoR.   

thickness maps for these units can be found in Section 1.2.4 Injection and Confining zone details. 

Major geologic units and their stratigraphic relationships are depicted in regional cross sections 

Figure 1-5: Geologic cross sections near Putnam County featuring the structural configuration of 
Cambrian strata that contains the target injection zone and caprock. Modified from Willman et al., 1975. 
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1.2.3 Faults and Fractures [40 CFR 146.82(a)(3)(ii)] 

While numerous structural features have been identified regionally around the Illinois Basin, no 
structural faulting is expected to impact the injection or confining zones within the Area of 

Figure 1-6: Example of 2D seismic line acquired in 2020. 

 

1.2.4 Injection and Confining Zone Details [40 CFR 146.82(a)(3)(iii)] 

Confining Unit: Eau Claire Formation 

The confining zone for the Marquis Biocarbon Project is the Eau Claire Formation, which 
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Injection Zone: Mt. Simon Formation 

The main injection zone for the Marquis Biocarbon project is the Mt. Simon Sandstone, 
consisting of alternating intervals of well- and poorly sorted sands with variable grain size and 
shale content. Within the study area, the lower portion of the Elmhurst Sandstone is included as 
part of the injection zone because the Mt. Simon sands, and lower Elmhurst sands are considered 
hydraulically connected from the base of the intra-Elmhurst shale down (Golden StrataServices, 
1984). The Elmhurst Sandstone is fine to medium grained, fossiliferous, and contains 
interbedded gray shale.  
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The Mt. Simon sandstone is subdivided into seven internal zones based on observed responses 
seen in geophysical and petrophysical data.  These zones are numbered top down, as shown 
below in Figure 1-9. While differently named, these zones are roughly equivalent to Mt. Simon 
subdivisions used in other studies and at other sites (Fischietto, 2009; FutureGen Alliance, 2013; 
Freiburg et al., 2014).  Generalized reservoir quality of the zones indicates highest quality sands 
in the lower half of the formation, a middle section of lower-quality sands, and an upper section 
of higher quality, which is also a trend seen at the regional scale. 

 

Figure 1-9: Model Zones and corresponding gamma ray, resistivity, and porosity logs.  Lower part of the 
Elmhurst and all the Mt. Simon are considered reservoir, while the upper Elmhurst and Eau Claire shale 

act as the seal. 

To assess site-specific properties for the injection and confining zones, a stratigraphic test well 
(MCI MW 1) was drilled (Figure 1-4).  Multiple sample types were collected for analysis and 
testing to determine specific qualities of the Mt. Simon and Eau Claire formations at the Marquis 
Biocarbon Project site, including 6 whole cores, 28 sidewall cores, well logs, and eight dynamic 
formation tests with fluid samples. 

impactful result of incorporating the elemental neutron log for lithologic classification was the 
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The Mt. Simon Sandstone can be divided into larger blocks associated with the timing and 
development of the basin that affects depositional settings. Core samples from the project site 
were integrated with regional studies, resulting in seven distinct depositional packages in the Mt. 
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Figure 1-10: Interpreted Mt. Simon depositional environments and corresponding intraformational zones. 

Figure 1-11: Example conceptual schematic drawing of the Mt. Simon Zone 5 representing the eolian 
depositional environment and interpreted orientations at the Marquis site (not to scale), as well as 

representative bedding features in whole core (insert) acquired from Mt. Simon Zone 5. Modified from 
Freiburg et al. (2020). 
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Figure 1-13: Porosity-Permeability cross-plot colored by flow facies showing the utilization of two 
different transforms, applied by flow-based rock classifications. 

 

Injectivity 
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Uncertainty 

The base case modeling shown above uses parameters derived from field data acquired in the 
characterization well. To assess potential variations in these parameters an uncertainty analysis 
has been completed which models the CO2 plume for modified scenarios. These scenarios are 
utilized to ensure that the range of uncertainty in the subsurface is considered and covered within 
the scope of the injection and monitoring plans.  The scenarios explored for the Marquis 
Biocarbon Project are shown in Table 1-5.  Each scenario resulted in its own Static Earth Model 
(SEM) realization, and subsequent dynamic simulation. High and low side case runs were 
performed in addition to the base case to access the effects of varying porosity/permeability 
relationships on CO2 plume and AoR. The permeability vs porosity plot for each case in the Mt 
Simon is shown Figure 1-17. Both the high and low cases were imported from the Petrel 
geological (SEM) model into CMG. Every parameter was the same as the base case except for 
porosity and permeability. The plot illustrates that there is an inverse relationship between 
porosity and permeability, where in the high case we have high porosity and low permeability 
and vice versa for the low case. Therefore, in the high case more CO2 can be stored in a smaller 
CO2 plume diameter, due to a greater pore volume.  
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and an approximate depth of 6.2 mi in basement rock (USGS, 2021). Most of the seismic events 
in Illinois occurred at depths shallower than 1.9 mi (Figure 1-22). 

Based on regional seismic hazard maps published by the USGS (2014), the Marquis Biocarbon 
Project site is in a low-risk region for an occurrence of a site-specific earthquake. There is a 2% 
probability that the level of horizontal shaking, or peak ground acceleration (PGA), due to 
seismic activity will exceed 8–10% of the acceleration due to gravity within 50 years (Figure 1-
23).   

Figure 1-21: Regional Historic Earthquakes. Modified after FutureGen Alliance, 2013. Close-up map 
shown in subsequent figure. 
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Figure 1-22: Local earthquakes since 1900 (modified from USGS, 2021). 

Figure 1-23: 2014 Regional seismic hazard Map for Illinois (USGS, 2014). 
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1.2.7 Hydrologic and Hydrogeologic Information [40 CFR 146.82(a)(3)(vi), 146.82(a)(5)] 

Figure 1-2 shows the stratigraphic succession at the Marquis Biocarbon Project site MCI MW 1 
well, along with the hydrostratigraphy. The subsurface hydrologic data analyzed in this study 
was acquired from the MCI MW 1 well and other regional wells and studies. The 
characterization data types, and depth coverages are detailed in the Pre-Operational Testing 
Program (Permit Section 5). Publicly available geologic and hydrologic data in the region, as 
well as well data, were compiled from well databases held by the Illinois State Geological 
Survey (ISGS). 

1.2.8 Geochemistry [40 CFR 146.82(a)(6)] 

Aqueous and solid-phase geochemical data are available for the project site.  These data were 
acquired during the installation of the MCI MW 1 characterization well. The geochemical data 
were obtained to determine:  
 

• the deepest USDW at the project site.  
• baseline geochemical data for the project site that can be used to evaluate the migration    
       of CO2 and brine waters at the site.  
• current geochemical equilibrium conditions to evaluate the saturation relationship  
       between the dissolved and solid-phase minerals at the site.    
• geochemical reactions that may occur from the injection of CO2.  

 
Fluid samples were collected from eight locations/depths using drill stem testing (DST) during 
the drilling of the MCI MW 1 well and a single sample was collected via pumping during the 
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The water samples collected above the caprock and from the injection reservoir were analyzed 
for major cations and anions, trace metals, and general geochemical properties (i.e., pH, total 
dissolved solids [TDS], alkalinity, etc.). Figure 1-24 displays the chloride and TDS 

Figure 1-24: Chloride and TDS concentrations in the water/brine samples collected from the MCI MW 1 
characterization well.  
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1.2.9 Other Information (Including Surface Air and/or Soil Gas Data, if Applicable) 

At this time, no soil gas or atmospheric monitoring have been planned as part of the Testing and 
Monitoring Plan (Permit Section 7.0). However, the Testing and Monitoring Plan has been 
designed to be adaptive to evolving project risks over the life of the project. Should project risks 
change or should CO2 migrate beyond the confining layer during the injection or PISC phases of 
the project soil gas or atmospheric monitoring may be considered. No changes to the Testing and 
Monitoring or PISC and Site Closure Plan will be implemented without consultation with the 
UIC Program Director (UIC Director). 

1.2.10 Site Suitability [40 CFR 146.83] 

An extensive set of subsurface data have been acquired at the site which supports site suitability. 
Seismic data, core and log data from the MCI MW 1 well do not indicate any concerns regarding 

The Marquis Biocarbon project site is an example of a prime sequestration site for CO2 
possessing all the needed characteristics and not suffering from any detrimental attributes. 

1.3 Permit Section 2.0: AoR and Corrective Action  

The AoR and Corrective Action Plan is submitted to meet the requirements of Plan 40 CFR 
146.82(a)(13), 146.84(b) and 40 CFR 146.84(c). 

The plan describes the computational modeling approach and results. The objective of the 
computational modeling is to track the CO2 plume size and shape, area of pressure buildup, and 
determine an AoR for CO2 injection at the Marquis Biocarbon Project site. The Static Earth 
Model is a 3D geocellular model that represents the porosity and permeability of different 
stratigraphic formations, most notably, the intended CO2 storage formation and overlying 
confining layer. This type of model was selected as it offers the best options for quantifying, 
representing, and visualizing the subsurface geologic interpretations for the site. The purpose of 
this model is to represent available pore volume and enable the estimation of CO2 storage 
capacity. Primarily, this geologic model serves as the framework (in terms of delineating zones, 
surfaces, permeability, and porosity) for computational modeling of CO2 injection.  

The computational modeling to simulate CO2 injection into the saline aquifer was performed 
using a 3D multiphase flow simulator CMG-GEM 2016 version (CMG-GEM, 2016). In addition 
to the geological framework imported from the SEM, additional parameters, such as relative 
permeability data, initial conditions, phase behavior model, and well and perforation parameters, 
were added to the computational model to complete the dynamic modeling. CMG-GEM is an 
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equation-of-state based compositional simulator that models the phase behavior of brine and CO2 
plumes during the injection and post-injection phases of a project. Multiple phases were 
accounted for in the computational model including aqueous, gas, and supercritical phases.  

Modeling multiphase flow processes in porous media, with all components as discussed above, 
enables: 

• Estimation of pressure buildup in the storage formation – confining layer system  

• CO2 phase behavior at storage reservoir condition  

• CO2 saturation to determine plume extent in the storage formation (Mt. Simon 
Sandstone)  

• Ensure confining layer sealing capabilities  

The estimated CO2 saturation map and pressure buildup from modeling multiphase flow 
processes will predict CO2 movement during the injection and post injection periods and 
delineate the AoR.  

1.4 Permit Section 3.0: Financial Responsibility  

The Financial Responsibility Plan is submitted to meet the requirements of 40 CFR 
146.82(a)(14) and 146.85.  

1.5 Permit Section 4.0: Injection Well Construction  

1.5.1 Proposed Stimulation Program [40 CFR 146.82(a)(9)] 

No completion stimulation is planned at this time because the reservoir quality is expected to be 
adequate for the planned injection volumes. 

1.5.2 Construction Procedures [40 CFR 146.2(a)(12)] 

A single, newly drilled injection well (MCI CCS 3) will be constructed at the Marquis Biocarbon 
Project site to meet the requirements of 40 CFR 146.82(a)(9) and (11). Based on information 
from the Illinois State Geological Survey (ISGS), no oil or gas zones are anticipated to be 
encountered at this location. 

1.5.3  Casing and Cementing 
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• As project risks evolve over the course of the project  

• If significant differences between the monitoring data and predicted dynamic modeling 
results are identified 

• If key monitoring techniques indicate anomalous results related to well integrity or the 
loss of containment 

Figure 1-4 illustrates the modeled CO2 plume development over the 5-year injection period as 
well as the AoR.  

The Testing and Monitoring Plan will outline several direct and indirect technologies used 
throughout the injection and PISC phases of the project that will monitor: 

• Daily activities of the injection operations 
• Development of the CO2 and pressure plumes in the storage formation over time 
• Well integrity  
• CO2 or brine containment within the injection reservoir 
• Groundwater quality in multiple aquifers, including the deepest USDW (Gunter 

Sandstone) and the deepest water-bearing formation above the caprock (Galesville 
Sandstone) 

Injection operations will be monitored through a range of continuous, daily, and quarterly 
techniques as detailed in the Well Operations Plan (Permit Section 6.0). Table 1-11 summarizes 
the proposed operational monitoring for the project.  

A deep groundwater well will be drilled as part of the Testing and Monitoring Plan for the 
project. This ‘Above Confining Zone’ (ACZ) well will be drilled to the top of the confining 
zone, the Eau Claire Formation. MCI ACZ 1 well will be adjacent to the MCI CCS 3 well to 
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monitor the aquifers above the confining layer. This well will be used for pressure and 
temperature monitoring as well as periodic fluid sampling in the Galesville Sandstone and the 
deepest USDW, the Gunter Sandstone. Potential CO2 or brine migration into the Galesville 
Sandstone or the deepest USDW will be initially identified through pressure changes in the 
formation and will be confirmed through aqueous geochemistry data and analysis of stable 
isotopes (Permit section 5.0). 

Sensitive, Confidential, or Privileged Information







Plan revision number: 0 
Plan revision date: 27 April 2022 
 

Project Narrative for the MARQUIS BIOCARBON PROJECT 
Project Number: R05-IL-0006  Page 48 of 50 

The MCI CCS 3 well casing will be plugged with cement to ensure that it does not provide a 

be cut off approximately 5 ft below grade, and a steel cap will be welded to the top of the deep 
casing string. The cap will have the well identification (ID) number, the UIC Class VI permit 
number, and the date of plug and abandonment inscribed on it. Soil will be backfilled around the 
well to bring the area around the well back to pre-well installation grade. This area will then be 
planted with natural vegetation. For more information on the Well Plugging Plan, refer to Permit 
Section 8. 

1.10 Permit Section 9.0: Post-Injection Site Care (PISC) and Site Closure 

The PISC and Site Closure Plan describes the activities that Marquis Carbon Injection LLC will 
perform to meet the requirements of 40 CFR 146.82(a)(18) and 146.93(c). 

Marquis Carbon Injection LLC will monitor groundwater quality and track the position of the 
carbon dioxide (CO2) plume and pressure front for 5 years after the cessation of injection, which 
is the anticipated timeline for CO2 plume and pressure front stabilization.  

Based on the modeling of the pressure front as part of the area of review (AoR) delineation, 
pressure at the MCI CCS 3 well is expected to decrease to pre-injection levels in less than 5 
years, as described below. Additional information on the projected post-injection pressure 
declines and differentials is presented in the permit application and the AoR and Corrective 
Action Plan (Permit Section 2.0). 

1.11 Permit Section 10.0: Emergency and Remedial Response  

The Emergency and Remedial Response Plan (ERRP) is submitted to meet the requirements of 
Plan 40 CFR 146.82(a)(19) and 146.94(a). 

The Emergency and Remedial Response Plan (ERRP) provides actions that Marquis Carbon 
Injection, LLC will take in the event of an emergency and to address movement of CO2 or 
formation fluid that may endanger an USDW during the construction, operation, or PISC 
periods. 

If evidence indicates that the injected CO2 stream, formation fluids, and/or associated pressure 
front may cause an endangerment to a USDW, the following actions must be performed: 

1. Initiate shutdown plan for the MCI CCS 3 well. 
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2. Take all steps reasonably necessary to identify and characterize any release or migration. 
3. Notify the permitting agency/UIC of the emergency event within 24 hours. 
4. Implement applicable portions of the approved Emergency Remedial Response Plan 

(ERRP). 

Where the phrase “initiate shutdown plan” is used, the following protocol will be employed: 
Marquis Carbon Injection, LLC will immediately cease injection. However, in some 
circumstances, Marquis Carbon Injection, LLC will, in consultation with the UIC Director, 
determine if a gradual cessation of injection is appropriate. If a non-emergency shutdown of the 
CO2 injection system is required, the operator will complete the shutdown in a stepwise approach 
to prevent over-pressure situations and/or damage to the equipment.  Efforts will also be made to 
maintain the CO2 in the injection stream in a supercritical phase to prevent special operations 
during the restart of the system.  Also, override of certain relays may be required to properly and 
safely shutdown the system. 

1.12 Injection Depth Waiver and Aquifer Exemption Expansion 

The Marquis Biocarbon project is not applying for a depth waiver or an aquifer exemption. 

1.13 Other Information 

Currently, there are no additional data to submit with this permit application. However, if 
additional data become available or if the UIC Director requests specific information, those data 
will be provided to the EPA as an amendment or addendum to this application.  
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