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2.0 AoR and Corrective Action Plan 

2.1 Computational Modeling Approach 

2.1.1 Model Background 

Computational modeling at the Marquis BioCarbon Project site was completed to delineate the 
plume size and shape, area of pressure buildup, and Area of Review (AoR) for injected carbon 
dioxide (CO2). A static earth model (SEM) named Marquis_SEM_1 was prepared by Battelle 
using the Schlumberger Petrel® modeling software. The SEM is a three-dimensional (3D) 
geocellular model that represents petrophysical properties within the stratigraphic formation 
intended for CO2 storage, as well as the overlying confining layer. This type of model offers the 
best options for quantifying, visualizing, and simulating dynamic behavior through the 
subsurface geology at the site. By integrating multiple data types, the model represents the 
spatial distribution of available pore space and flow potential (permeability), enabling a data-
driven estimation of CO2 storage capacity. The SEM serves as the framework (in terms of 
delineating zones, surfaces, porosity, and permeability) for dynamic simulation of CO2 injection.  
 
Computational modeling to simulate CO2 injection into the saline aquifer was completed by 
Battelle using the 3D multiphase flow simulator CMG-GEM version 2016 (CMG-GEM, 2016). 
In addition to the geological framework and associated properties imported from the SEM, 
parameters such as relative permeability, initial reservoir conditions, phase behavior, and well 
completion were added to the dynamic model for simulation. CMG-GEM is an equation-of-state 
based compositional simulator that models the phase behavior of brine and CO2 plumes during 
the injection and post-injection stages of a project.  
 
Aqueous, gaseous, and supercritical phases of CO2 were accounted for in the computational 
model. Component transport equations, which describe the thermodynamic equilibrium between 
gaseous or supercritical with aqueous phases, were used in the compositional simulator to model 
CO2 injection into the saline aquifer (Nghiem et al., 2004). The Peng-Robinson equation of state 
was used to model the fluid properties of the injected CO2 in gaseous/supercritical phases (Peng 
and Robinson, 1976). The solubility of the injected CO2 in brine is modeled as a phase 
equilibrium process, which is computed using Henry’s law to estimate the fugacity of the 
gaseous and aqueous phases as functions of pressure and temperature (Li and Nghiem, 1986; 
Enick and Klara, 1990; Nghiem et al., 2009a). Additionally, the viscosity and density of the 
aqueous phase were calculated as functions of pressure, temperature, and salinity. Rowe and 
Chow (1970) equation was used to estimate aqueous phase density, and the Kestin et al. (1981) 
correlation was used to estimate the viscosity of the aqueous fluids.  
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2.1.2 Site Geology and Hydrology 

The subsurface geologic and hydrologic data analyzed in this study were acquired from the 
nearby characterization well, MCI MW 1, drilled in 2021. 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). 
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Figure 2-2: Precambrian basement elevation map. Modified from Willman et al. (1975). 
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Figure 2-3: Mt. Simon Sandstone elevation map over the west-central portion of the Illinois 
Basin. Modified from FutureGen Alliance (2013). 
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Figure 2-4: Mt. Simon Sandstone thickness map over the west-central portion of the Illinois 
Basin. Modified from FutureGen Alliance (2013). 
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Figure 2-5: Eau Claire elevation map over the west-central portion of the Illinois Basin. Modified 
from FutureGen Alliance (2013). 
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Figure 2-6: Eau Claire Eau Claire thickness map. Modified from Willman et al. (1975). 
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For the Marquis BioCarbon Project site, interpretations of the Mt. Simon’s depositional setting 
were derived from work associated with the Illinois Basin Decatur Project site in Decatur, 
Illinois (Palkovic, 2015; Freiburg, 2020; Reesink, 2020), as well previous research on the UPH-3 
well in Stephenson County, Illinois (Fischietto, 2009; Lovell, 2017). Previous research on these 
analog wells have detailed depositional environments, paleogeography, and Precambrian 
basement structure in the Illinois Basin. The proposed site location falls between these two data 
points (Figure 2-7), enabling on-site data to be correlated with regional interpretations. 

 

Figure 2-7: Map showing the analog well locations used in depositional environment 
interpretations to the north and south of the Marquis BioCarbon Project site. 

 

Studying the composition of these core samples enabled an interpretation of lithofacies and 
depositional environments for the Mount Simon Sandstone in northern Illinois. During the 
Cambrian Period, a terrestrial fluvial environment of deposition transported sediments from 
topographically higher regions, such as mountains to the north (Wisconsin region), to a 
shallower region in Illinois. During transport, these sediments formed the Cambrian-aged 
depositional environments of the fluvial braid plains and eolian sand dunes (Figure 2-8).  
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Figure 2-8: Regional depositional model for the Mt. Simon Sandstone. Broad fluvial braid 
systems feed into a shallow inland sea. Sediments on inactive braid plaids are reworked by eolian 

processes. Sediment source is primarily from the north. Modified from Fischietto (2009). 

 

The Mt. Simon Sandstone can be divided into stratigraphic intervals 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. Simon (Figure 2-9). These environments include eolian sand dunes, fluvial braid plains, and 
braid deltas that transitioned into shallow marine depositional environments as sea level rose 
during deposition of the upper Mt. Simon and Eau Claire. Within the regional fluvial braid plain, 
there are playa (flat "ponding" areas) and eolian (dunal) sedimentary areas (Figure 2-10).  

The Mt. Simon consists of sandstones that are generally clean, well-sorted, and porous. 
Variations in sediment grain size depend on how far sediments were transported from their 
source and whether they were reworked by wind (eolian sandstone), rivers and streams (fluvial 
systems), or water (shallow marine sandstones modified and sorted by wave action). At the 
Marquis BioCarbon Project site, the lower Mt. Simon consists of conglomerate and very coarse 
to fine-grained sandstone deposited by braided fluvial channels and eolian systems, as well as 
arkosic sandstones yielding high gamma ray values in Mt. Simon zones 5 and 6. In the Upper 
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Mt. Simon fluvial, tidal, and shallow marine depositional systems resulted in finer grained 
sandstone and increased clay content. During the deposition of the Eau Claire, shallow marine 
systems on the continental shelf deposited shales, siltstones, and fine to very-fine grained 
sandstones with dolomitic and arkosic compositions. 

Figure 2-9: Interpreted Mt. Simon depositional environments and corresponding intraformational 
zones. 
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Figure 2-10: 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 acquired from Mt. Simon Zone 5 (insert). 

Modified from Freiburg et al. (2020). 

 

There are several geologic structures northeast of Putnam County (Figure 2-11). Within the 
Marquis BioCarbon Project AoR and Putnam County, these structures do not appear to have a 
significant impact on the confining zone and the target saline storage reservoir. The La Salle 
Anticlinorium is the dominant regional structure within the basin and has associated faults which 
cause varied relief of strata along its trend. This structure extends from La Salle County in north 
central Illinois to the southeast towards Lawrence County near Vincennes, Indiana. This feature 
is believed to be a drape fold or fault-propagation fold similar in structural style to monoclines 
that developed during the Laramide Orogeny in the western Unites States (Nelson, 1995). More 
than half of the La Salle Anticlinorium’s uplift is believed to occur during Late Mississippian 
time, with the remaining uplift and nearby structural features occurring during the 
Pennsylvanian. There are small faults, anticlines, and domes near the La Salle Anticlinorium and 
along its trend. The Marquis BioCarbon Project site resides in an area fully removed from the 
anticline. Other structural features to the northeast of Putman County include the Ashton, 
Kankakee, and Wisconsin Arches, the Sandwich Fault Zone, and several minor synclines, 
anticlines, and domes (Golden StrataServices, 1984). 
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Figure 2-11: Principle geologic structures of Illinois. Modified from Willman et al. (1975) with 
N-S and E-W cross section marked in red.  (See Figure 2-12 for cross sections) 
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Major geologic units and their stratigraphic relationships are depicted in regional cross sections 
shown in Figure 2-12. These two cross sections show the northward shallowing of Cambrian 
strata as well as the regional effect of the La Salle Anticline on the structural configuration of the 
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Figure 2-16: Final (a) porosity and (b) permeability properties showing the effect of depositional 
constraints on spatial property distribution within the 3D geocellular model. 
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Figure 2-17: Logs at the MCI MW-1 well showing (left to right) gamma ray, stratigraphic zone, 
confining unit or injection interval, whole core, sidewall core, porosity, flow-based facies, and 
permeability. There is a match between the model (blocky colors) and the log (black line) for 
porosity and permeability, and core-measured permeability points plotted on the permeability 

track in magenta show strong correlation to NMR-based log values. 
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Figure 2-19: Relative Permeability Curves imported into dynamic reservoir model. The plot on 
the left was assigned to high-flow sands, the plot in the middle was assigned to mid-flow sands 

and the plot on the right was assigned to low-flow sands. 

 

2.1.6 Boundary Conditions 

The model’s lower boundary was the top of the Precambrian basement rock. While this surface is 
expected to have some topographical features, in general, it is assumed to dip to the southeast in 
the Putnam County area. The size of the static earth model was 7 mi × 7 mi. A single injection 
well was used at the center of the model so that the CO2 plume and pressure buildup would be 
far from the computational model boundary (7 mi × 7 mi) and the model would be able to 
capture the multiphase flow phenomena. The model lateral boundary is assumed to be an infinite 
or open boundary reservoir. To model an open boundary reservoir, a volume modifier was used 
for the grids at the model boundary as recommended by CMG-GEM (CMG-GEM, 2016; 
Nghiem et al., 2009b).  

2.1.7 Initial Conditions 
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Figure 2-20: Map view of computational model with zoomed well grid (top) and cross section of 
the model (below). 

The model demonstrates a 5-year injection period and 50-year post-injection period. The CO2 
injection rate was constrained to 1.5 MT/year. 

CO2 phase saturation is used as a defining parameter for the CO2 plume extent. Figure 2-21 
shows a side view of the CO2 plume at the wellbore after 1, 3, and 5 years of injection. Figure 2-
22 shows the same side view of the CO2 plume at the wellbore at 3, 5, 10 and 50 years after the 
cessation of injection. 
 
The CO2 plume expands during the injection period and local permeability variations within the 
Mt. Simon Sandstone causes changes in the distribution of the CO2 plume. At no time either 
during or after injection does the CO2 migrate toward the top of the Mt. Simon. 
 
 
  



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

Area of Review and Corrective Action Plan for MARQUIS BIOCARBON PROJECT 
Project Number: R05-IL-0006  Page 31 of 50 

 

 

 
 

Figure 2-21: Development of CO2 plume after 1 year (top), 3 years (middle), and 5 years (lower) 
of injection. 
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Figure 2-22: CO2 plume 3, 5, 10 and 50 years after cessation of injection. 

 
The CO2 plume size after 5 years of injection for four different layers is shown in map view in 
Figure 2-23.  
 
The AoR is determined by using the average plume sizes for all layers in the model at the end of 
the 5-year injection period which corresponds to layer 153. The CO2 saturation in that layer at 
the end of injection period was selected to define AoR. 
 
Figure 2-24 shows the development of the CO2 plume size after 1, 3, and 5 years of injection for 
layer 153. Figure 2-25 shows the CO2 plume size in the post injection time frame and clearly 
indicates stabilization of the plume after the cessation of injection. 
 

 
Figure 2-23: CO2 plume after 5 years of injection in plan view for layers 111, 129, 153 and 186. 
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Figure 2-24: Development of CO2 plume after 1 year, 3 years, and 5 years of injection at layer 
153 representing the AoR. 

 

 
Figure 2-25: CO2 plume mapping 3 year, 5 years, 10 years, 30 years, and 50 years after cessation 

of at layer 153 (representing the AoR). 

 
Figure 2-26 shows the pressure build-up (increase from initial pressure) in the Mt. Simon 
formation after 1, 3, and 5 years of injection. A pressure cut-off of 150 psi was used in the plot to 
delineate pressure front expansion as a function of injection time as detailed in section 2.3. 
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Figure 2-27 shows the pressure time-series at the depth of the middle perforation. The pressure 
remains lower than the maximum injection pressure and declines rapidly after injection ceases.  
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Figure 2-26: Pressure front after 1, 3 and 5 years of injection using 150 psi pressure cut-off. 

 
 

Figure 2-27: Pressure time-series data during injection and 50 years of post-injection period at 
depth of middle perforation (model layer 109, 3,898 TVDSS, ft.) 

 
CO2 saturation and pressure build-up were also modeled at the monitoring well location (MCI 
MW 2). The pressure at layer 153 (3,833 ft Subsea true vertical depth [TVDSS]) for the MCI 
CCS 3 and MCI MW 2 wells is plotted in Figure 2-27. As expected, the pressure build-up at the 
MCI MW 2 well is lower than the MCI CCS 3 well, and pressures quickly decline after injection 
stops.  
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Figure 2-29 shows the development of the CO2 plume in layer 153 at the MCI CCS 3 and MCI 
MW 2 well. The CO2 saturation immediately increases at the MCI CCS 3 well location 
compared to the MCI MW 2 well location.  
 

 
Figure 2-28: Pressure time-series data during injection and post injection period for monitoring 

(MCI MW 2) and injection well (MCI CCS 3) location at layer 153, 3,833 TVDSS, ft 

 

 
 

Figure 2-29: CO2 saturation time-series data during injection and post injection period for 
monitoring (MCI MW 2) and injection (MCI CCS 3) well locations at layer 153 with MSL of 

3,833 ft 
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2.2.2 Model Calibration and Validation 

A robust earth model has been built and calibrated using data acquired in the MCI MW 1 well. 
Geological parameters (e.g., porosity, permeability), fluid flow data (e.g., relative permeability), 
and initial reservoir data (e.g., temperature, initial pressure gradient, fracture pressure gradient) 
used to build the computational model, were derived from data collected from the well. A wide 
variety of data was acquired from logs, core tests and other field measurements such as minifracs 
and drill stem tests (DSTs). The data acquired greatly enhances the geologic knowledge of the 
area confirming the characteristics of the site as a viable storage site. 
 
Planned wellbore parameters such as tubing size and tubing temperature profile were also 
incorporated in the model for additional accuracy. Once the injection phase of the project begins, 
the monitoring data such as pressure and injected rates will be used to calibrate, and history 
match the model as the project proceeds. Moreover, as described in section 2.4 (below), the AoR 
will be assessed during the lifetime of the project.  
 
Subsurface uncertainty is also addressed through the creation and simulation of alternative 
geological scenarios. Sensitivity runs were performed for different porosity and permeability 
relationships as shown in Figure 2-30. All model parameters were the same as the base case apart 
from the porosity and permeability.  

Figure 2-30: Porosity and permeability relationships for high side case (orange line) and low side 
case (blue line) showing an inverse relationship between the two scenarios. The numbers on the 

orange are permeability values, number on the blue line are porosity values. 
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The plume side views for the base, high side and low side cases after 3 years of injection are 
compared in Figure 2-31. The low side case scenario results in a larger overall plume diameter 
compared to the other two cases. Figure 2-32 shows the CO2 plume in map view at layer 153, at 
the end of injection period and 5 and 10 years after the injection stops for the base case scenario. 
Results of the sensitivity analysis (high side case and low side case) shown in Figure 2-33 for 
CO2 plume at layer 153 show that the AoR is smaller compared to base case scenario at the end 
of injection and post injection. It is also shown in Figure 2-33 that the plume size in the high and 
low side scenarios remains unchanged after 1 year post injection.  
 

 
Figure 2-31: CO2 plume at wellbore cross section after 3 years of injection. The left plume 
diagram represents the base case, middle represents the high side case, and the right plume 

diagram represents the low side case. 

 
Figure 2-32: CO2 plume at layer 153 (used to delineate AoR) for the base case at the end of 

injection, 5 years after injection stopped, and 10 years after injection stopped. 
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Figure 2-33: CO2 plume at layer 153 (used to delineate AoR) at the end of injection and after, 1, 5 

and 10 years after cessation of injection for the high side case (top row) and low side case 
(bottom row). 

 
 
 

2.3 AoR Delineation 

2.3.1 Critical Pressure Calculations 

The critical pressure corresponds to the pressure needed to move fluids from the storage 
formation into a USDW through a hypothetical open conduit such as an uncemented well. 
Different methods can be used to calculate the required pressure to move fluid from the reservoir 
into a USDW. A simple hydrostatic head calculation (density of injection zone brine × depth 
distance between lowest USDW and top of injection zone × gravity constant) was used to 
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2.4.2 Wells Penetrating the Confining Zone 

2.4.3 Plan for Site Access 

2.4.4 Corrective Action Schedule 

It is not expected that any of the groundwater wells in the AoR will require corrective action. No 
corrective action schedule has been developed due to the absence of wells penetrating the 
confining zone within the AoR. The AoR will be re-evaluated every five years during the 
injection and post-injection phases unless an event occurs that triggers an AoR re-evaluation 
sooner. If the results of testing and monitoring and/or AoR re-evaluation throughout the project 
lifecycle indicate potential interference with any wells penetrating the confining zone, an 
amended corrective action plan will be implemented and submitted to the EPA (40 CFR 146.84 
(e)(4)).  

2.5 Re-evaluation Schedule and Criteria 

2.5.1 AoR Re-evaluation Cycle 

Marquis BioCarbon Project will re-evaluate the above described AoR every five years during the 
injection and post-injection phases pursuant to 146.84 (e).  
 
The workflow (procedures) for incorporating the new data into the models as the project 
progresses is detailed in Figure 2-35.  
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expected to occur when the time-lapse surface seismic data are acquired on a four-year schedule. 
For more details on the Testing and Monitoring Plan and schedule refer to Permit Section 7. 
 
The computational modeling will be updated with the downhole pressure and operational 
monitoring data on a quarterly basis for the first year of injection. If the system stabilizes, model 
updates will be scaled back to semi-annual updates to coincide with EPA reporting requirements 
(40 CFR 146.01). Any significant divergence of the monitoring data from the model predictions 
will be identified during the regular model updates and investigated. Model calibration with early 
monitoring data is expected to improve model predictions over the course of injection. It should 
be noted that model history-matching and calibration are not expected to trigger AoR 
reevaluations on a regular basis. 

2.5.2 Triggers for AoR Reevaluations Prior to the Next Scheduled Reevaluation 

The AoR will be updated on a 5-year schedule. However, Marquis Carbon Injection LLC will 
discuss any events that could impact the AoR with the UIC Director to determine if an AoR re-
evaluation is required. If an unscheduled re-evaluation is triggered, Marquis Carbon Injection 
LLC will perform the steps described at the beginning of this section of this Plan. A report will 
be submitted to the UIC Director within 90 days of the AoR re-evaluation. 
Monitoring and operational conditions that may warrant a re-evaluation of the AoR include 
(EPA, 2013): 

• Changes in site operations that might alter the model predictions or the AoR delineation 

• Site characterization data that may significantly change the computational model 
predictions and delineated AoR 

• Monitoring results that indicate that the areal extent of the CO2 plume or pressure front 
differ significantly from the model predictions 

• Monitoring results indicate that the CO2 has migrated beyond the confining zone 

Table 2-7 details the operational changes and site characterization data that may warrant a 
reevaluation of the AoR. Table 2-8 specifies the observed changes and monitoring technologies 
that may trigger a re-evaluation of the AoR. Refer to the Testing and Monitoring Plan for more 
details on the proposed monitoring technologies for the project (Permit Section 7). 
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