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3.0 AREA OF REVIEW AND CORRECTIVE ACTION PLAN [40 CFR 146.84(B)] 

3.1 Computational Modeling Approach 

3.1.1 Modeling Approach 
Tallgrass High Plains Carbon Storage, LLC (High Plains) proposes drilling and completing a 
carbon sequestration injection well (Conestoga I-1) and monitoring well (Conestoga M-1) for the 
safe sequestration of carbon dioxide (CO2) in southeastern Kimball County, Nebraska, as part of 
their proposed Western Nebraska Sequestration Hub (the “Project”). The Juniper M-1 well (API 
No. 49-021-29548) is utilized as the Project’s characterization well (Figure 3.1).  

Estimating key subsurface parameters affected by the injection of supercritical carbon dioxide into 
the Lyons Formation is the principal focus of the static geologic modeling effort and the dynamic 
reservoir simulation model. These subsurface parameters include changes in reservoir pressure and 
injectate (gas) saturation1 following the start of injection—assumed as January 2027 in the model. 
These parameters provide critical insights across the Project area and help to define the extent of 
the resulting injectate plume, pressure propagation (and the resulting pressure front), and operating 
conditions. These outputs are then utilized to determine the Project’s Area of Review (AoR). 
Industry-standard software tools, including SLB’s Petrel™ and the Computer Modelling Group’s 
(CMG) GEM™, were used to provide accuracy and reliability in managing the complex nature of 
the simulation. 

A representation of the reservoir was constructed from available well logs and interpreted 
formation tops (refer to Appendix 3.1 for a list of wells and markers used to construct the regional 
geologic model). Subsurface data was modeled using SLB’s Petrel™ software to form a static 
geocellular model of discrete zones, including the Lyons Formation (injection zone), Goose Egg 
Formation (upper confining zone), and Satanka Formation (lower confining zone). The geocellular 
model used for dynamic simulations (the “dynamic grid”) is comprised of approximately 31.6 
million 1,000×1,000 ft cells and encompasses an area of 12,300 square miles.  

The geologic model is an input for GEM™, a commercial compositional finite difference reservoir 
simulator maintained and distributed by CMG. This simulator is one of the most technically sound 
reservoir simulation software packages and is well suited to the compositional nature of this 
simulation. CMG-GEM™ utilizes equation-of-state (EOS) algorithms and advanced 
computational methods to evaluate key fluid flow characteristics in the reservoir to produce 
accurate and dependable simulation models for carbon sequestration. Numerical simulations were 
run to forecast the subsurface behavior of supercritical CO2, pressure buildup from CO2 injection, 

 

1 The injectate stream, primarily composed of CO2 gas at standard pressure and temperature, is modeled in the 
subsurface under conditions above the critical point. At the modeled reservoir conditions, the CO2 exists in a 
supercritical phase. The simulator tracks the inventory of CO2 mass and other components of the injectate stream 
within the model domain, categorizing them as “gas” properties. The behavior of CO2 in the subsurface is calculated 
using properties consistent with the supercritical phase. Therefore, when gas saturation is mentioned in this context, 
it refers to the saturation of the entire injection stream, which remains in the supercritical phase within the reservoir. 
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and output parameters, such as pressure and injectate saturation, used to evaluate and establish the 
Project’s AoR.  

Core samples and well log data were collected across the injection and confining zones in the 
Juniper M-1 well to directly measure relative permeability, porosity, capillary pressure, and the 
geomechanical properties of the Lyons, Goose Egg, and Satanka.  
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3.1.2 Site Geology and Hydrology 
The model domain is located in the Denver-Julesburg (DJ) Basin, an asymmetric synclinal basin 
bound by Laramide tectonically-driven uplifts of the Rockies Front Range and Hartville Uplift to 
the west, the Chadron and Cambridge Arches to the north and east, and the Las Animas Arch and 
Ute Pass Fault Zone to the south (Figure 3.2). The model encompasses the northern central part 
of the basin from the basin axis in the west to the inferred basin boundary in the east. Twenty-eight 
stratigraphic horizons, ranging in age from Pennsylvanian to Tertiary, were mapped across the 
basin utilizing log data from 433 wells, totaling over 7,200 well formation tops that were used to 
characterize structural and stratigraphic trends. However, only four of these horizons were 
incorporated into the static geomodel, as they represent the primary injection and confining zones. 
2D seismic data was licensed across the model domain and AoR and was incorporated into the 
structural modeling to confirm basin structural configuration and evaluate if faulting is present. 
Definitive geophysical and geological horizons exhibit significant character changes northwest of 
the model domain, corroborating the northwest basin boundary described in literature (Oldham, 
1997). The licensed 2D seismic across the Project area confirms reservoir and confining zone 
continuity and the absence of faulting from the storage complex.  

 
Figure 3.2—Generalized basement structure of the greater DJ Basin in Wyoming, Nebraska, Colorado, and 
Kansas (after Bartos et al., 2021). The yellow star is the approximate location of Conestoga I-1. Note there 
is no interpreted faulting within the AoR. 
  

Lyons Formation – Injection Zone 
The Lyons Formation is an ideal reservoir for sequestering CO2. The Permian-age Lyons 
Formation is a well-sorted quartzose eolian sandstone deposited as part of a widespread dune field 
covering a large portion of the eastern Rockies region adjacent to the Ancestral Rockies. A 
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predominant wind direction blew sediment from east-northeast to west-southwest (Figure 3.3 and 
Figure 3.4). 

 
Figure 3.3—Regional isopach map of the Lyons Formation, identifying Alliance and Sterling Basins (after 
Lee and Bethke, 1994). The yellow star is the approximate AoR location. 
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Figure 3.4—Regional lithofacies and paleo wind direction map of the Lyons Formation. The yellow star is 
the approximate location of the AoR (after Sonnenberg, 1981).  

At the time of deposition, the Lyons eolian dune field was bounded to the north by the Alliance 
Basin and partially to the south by the Sterling Basin. These evaporite sabkha basins deposited 
thick sequences of anhydrite, siltstone, dolomite, and salt adjacent to the Lyons dune accumulation, 
leading to a lateral facies change into the time-equivalent Stone Corral Formation (also known as 
the Salt Plain Formation) (Oldham, 1996; Sonnenberg, 1981) (see Figure 3.5). Extensive mapping 
of these facies transition boundaries indicates that the Lyons Sandstone grades into the sabkha 
basins evaporites. To simplify modeling this regional transition, which occurs well outside the 
AoR, the relationship has been represented as a surface truncation of the Lyons Formation onto 
the underlying Satanka Formation. 
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Figure 3.5—Block diagram depicting the facies changes within the Lyons Formation (Oldham, 1997). The 
green surface represents the Satanka Formation, as shown in the generalized stratigraphic column in 
Section 2. The red surface indicates the Lyons eolian sandstone surface, and the pink surface represents 
the Stone Corral Formation, a time-equivalent lateral facies changes from the Lyons eolian sandstone to 
the Sabkha basin facies of the Alliance and Sterling basins. 

The Alliance Basin acts as a partial lateral barrier to fluid flow, extending across part of the 
northern DJ Basin. Similarly, the Sterling Basin is a partial lateral flow barrier to the south. 
However, the evaporite deposits do not extend across the entire DJ Basin, and the Lyons eolian 
sands are known to be connected further southward around the smaller Sterling Basin (Figure 3.4). 

The Lyons Formation has been extensively studied both at outcrops along the Rockies Front Range 
in Lyons, Colorado, and through numerous cores obtained from oil-producing fields in Weld 
County, Colorado (Sonnenberg, 1981; Kendigelen et al., 2023). 

Petrographic and geochemical analysis of Lyons outcrop and core samples indicate that the zone 
is a relatively homogenous quartzose sandstone across the model domain. High Plains does not 
anticipate adverse chemical reactions in the Lyons Formation from CO2 injection (see Section 
2.8—Geochemistry). The framework grain mineralogy is largely non-reactive or has very slow 
kinetics under injection conditions (Black et al., 2015; Palandri and Kharaka, 2004).  

The Lyons Formation outcrops along the Rockies Front Range and steeply dips into the DJ Basin 
synclinal axis, reaching depths greater than 10,900 ft true vertical depth (TVD). The structure of 
the DJ Basin and the Lyons Formation gently dips westward at an angle of less than two degrees 
(Figure 3.6). At the Conestoga I-1 location, the Lyons is expected to be penetrated at a depth of 
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Figure 3.8—Type log from the  located  miles from the proposed injection site. The log columns indicate 
the injection zone and confining intervals, their reservoir quality with respect to porosity (PHIE), and their associated general lithology. The far-left 
column displays gamma ray increasing from left to right with a range of 0 to 150 API. Effective porosity is displayed in the middle-right column, 
increasing from right to left from 0 to 30%. The thin column on the far right is a generalized lithology log showing each stratigraphic zones respective 
lithology (brown – shale, yellow – sandstone, red – siltstone, pink – evaporite, blue – dolomite/limestone). The yellow star on the location map 
indicates the proposed injection site (Conestoga I-1) and the red star indicates the  well location. 
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Goose Egg Formation – Upper Confining Zone 
The upper confining zone for the project is the Goose Egg Formation. The Goose Egg was 
deposited in a shallow, widespread evaporite basin characterized by red-bed muddy siltstone and 
limestone sheets, interbedded with massive gypsum layers that later converted to anhydrite in the 
subsurface. The Goose Egg Formation spans the DJ Basin, filling in the preserved dune topography 
of the Lyons Formation. Sediment was sourced from the Ancestral Rockies to the west, while the 
restricted sabkha basin environment precipitated thick in-situ evaporite deposits (Figure 3.9). Log 
and core data indicate consistent physical properties of the Goose Egg Formation across the DJ 
Basin and the Area of Review (AoR). 

 
Figure 3.9—Block diagram of Goose Egg (Late Permian Guadalupian) deposition over the Lyons Formation 
at the Project site (yellow star; after Oldham, 1997). 

The Goose Egg outcrops to the east of the Rockies Front Range and steeply dips into the DJ Basin 
synclinal axis, reaching depths greater than 10,600 ft TVD. The structure of the DJ Basin, and 
consequently the Goose Egg Formation, dips gently to the west at less than two degrees (Figure 
3.10).
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Figure 3.10—Top Goose Egg Formation structure contour map with all well control points used to generate the surface. Purple dots and associated 
numbers are the TVDSS depth values for each Goose Egg top. The yellow star indicates the proposed Conestoga I-1 location within the AoR 
boundary. 
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Satanka Formation - Lower Confining Zone 
The lower confining zone is the Satanka Formation, which was deposited in a more arid 
environment than the Goose Egg, which accounts for a larger percentage of fine-grained siltstones 
and only minor anhydrite bedding. Similarly, the Satanka was deposited in an arid, flat, and broad 
salt playa delta with minor geomorphological highs and lows within the model domain. Log and 
core data indicate that the Satanka Formation is continuous across the model domain. 

Hydrology and USDWs Summary 
The lowermost USDW is expected to be the High Plains Aquifer (HPA) at the Project site. 
Structure maps for both the base of the HPA and the top water level have been georeferenced and 
incorporated into the regional conceptual model (Sibray et al., 2020; Miller and Appel, 1997). In 
addition to the Goose Egg Formation upper confining layer, thousands of feet of competent low 
permeability shale formations separate the Lyons Formation injection zone (approximately  
ft TVD) and the base of the lowermost USDW (approximately  ft TVD). This thick sequence 
of Cretaceous shales and mudstones further reduces the risk of vertical migration of CO2 or 
formation fluids from the injection zone to a USDW through a geologic pathway.  

Sections 2.1, 2.2, and 2.7 of this application discuss further details of site geology and 
hydrogeology at length.  

3.1.3 Model Domain 

3.1.3.1 Static Model Summary 
The static geologic model was generated in SLB’s Petrel™ software and covers an area of 12,300 
sq miles across the central-northern DJ Basin (Figure 3.12). The model domain was oriented and 
sized in such a way as to cover the full range of the Lyons regional eolian dune trend between the 
Alliance and Sterling basins in the northern DJ Basin. The static geomodel was cropped to a smaller 
representative area of 5,900 sq miles for dynamic simulation. The static geomodel was built using 
a grid sizing of 1,000×1,000 ft that was rotated N65 degrees E to best match the orientation of the 
Lyons eolian trend. High Plains determined that a grid size of 1,000×1,000 ft adequately represents 
the regional geology given the size of the model (12,300 sq miles) and well control spacing. 
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The core description of the Juniper M-1 stratigraphic test well identified two distinct sand facies 
within the Lyons Formation, designated as “A” and “B.” These facies differ in mineralogy and 
permeability. High Plains utilized gamma-ray response to differentiate between Facies A and B. 
The RCAL porosity and permeability data indicated distinct porosity-permeability relationships in 
each facies, further discussed in Section 3.1.3.1.4—Matrix Permeability. For the Goose Egg and 
Satanka formations, crushed rock analysis (CRA) of low-permeability rocks was employed to 
assign a single transform for the confining zones. 

3.1.3.1.1 Structural Framework 
The structural framework model for the northern-central portion of the DJ Basin was developed 
using well-log picks, correlated from both digital and raster logs across the model area.  

Formation tops were picked from the ground surface down to the Wolfcamp Formation, which 
marks the base of the Satanka Formation, with particular attention to the Sundance Formation and 
deeper layers (Figure 3.8). The structural horizon for the Lyons Formation was generated using 
433 log markers (Appendix 3.1, Figure 3.13). These stratigraphic markers served as data 
constraints for generating stratigraphic surfaces, or horizons, which form the foundation of the 
static geologic model.  

Several iterations of quality control were incorporated to ensure well elevations were correct, log 
picks and correlations were geologically sound, and the generated surfaces honored selected tops 
at each well location. In areas with limited data control for deeper formations conformal gridding 
methodology utilizing isochores was applied to retain structural concordance with overlying well-
constrained horizons.  
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The top of the Lyons Formation horizon was generated using conformal gridding above the 
existing Satanka surface, guided by the Lyons-to-Satanka isochore thickness map, and constrained 
to honor well tops at their respective locations. Within the isochore interpolation process, a zero 
thickness pinch out was incorporated to represent the line at which the Lyons Sandstone undergoes 
a facies change to the evaporite-rich Stone Corral Formation of the Alliance and Sterling basins. 
This isochore map was then used in the conformal gridding algorithm to generate a top Lyons 
surface that truncates onto the Satanka horizon (gridded as “base surface”) to best represent the 
stratigraphic relationship shown in Figure 3.5. 

Structural surfaces were generated for all key intervals from the ground surface to below the base 
of the Lyons Formation. However, petrophysical modeling and the regional model incorporated 
only the Goose Egg Formation (upper confining zone), Lyons Formation (injection zone), and 
Satanka Formation (lower confining zone) (Figure 3.8). The Wolfcamp surface was gridded and 
incorporated into the model without petrophysical interpretation to serve as the base layer for the 
Satanka zone.  

3.1.3.1.2 Layering 
Proportional model layers (k-layers) were generated for the Goose Egg and Satanka Formations, 
with each subdivided into three layers to capture vertical variability within the zones. The Lyons 
zone was layered using the “follow base” method with three-foot thick layers to represent first-
order surfaces of interdune strata. These interdune beds can appear as laterally or vertically 
confining zones of lower-angle bedding with unknown continuity. 

The static model includes 89 layers, 83 of which are in the Lyons Formation, and a total cell count 
of 31,620,454. 

3.1.3.1.3 Porosity Model 
The available pore volume in the Lyons Formation controls the volume of CO2 that can be stored 
in the reservoir and is fundamentally related to permeability. High Plains is updating the 
petrophysical modeling across the basin by incorporating additional data from the Juniper M-1 
core. Petrophysical modeling within the AoR has updated petrophysical models (as described in 
Section 2.4) and the current working petrophysical models within the geomodel. In both 
petrophysical total porosity models, small mineralogic changes within the Lyons Formation are 
considered with log responses that predict porosity. A comparison of the total porosity between 
the original ELAN and the deterministic modeling shows negligible differences (±0.01 v/v).  

Modeling updates will continue as additional site-specific data is collected. The current 
petrophysical model for porosity is based on density, neutron, and sonic porosity logs from 266 
wells within the static model domain, which were used to model the regional effective porosity of 
the injection zone. 

Porosity and permeability were evaluated using SLB’s Petrophysical software package Techlog™. 
The Quanti.Elan™ module, a mineralogical inversion application, was employed to provide a 
quantitative formation evaluation of openhole logs, level by level. The evaluation optimizes 
simultaneous equations describing one or more interpretation models, with input variables, 
primarily well logs, used to solve for the desired mineral outputs and volumes. These outputs are 
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then used to compute additional petrophysical properties such as total and effective porosity. Given 
the low clay content in most wells across the basin, total and effective porosities are approximately 
equal in the Lyons Formation. 

From the inversion model outputs, total porosity (Equation 3.1) is calculated by summing the total 
volumes of water and gas in the system. Effective porosity (Equation 3.2) is total porosity minus 
the clay-bound water (CBW) and the capillary-bound water.  

Equation 3.1—Total porosity. 

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 1 − (𝑉𝑉𝑞𝑞𝑞𝑞𝑞𝑞  + 𝑉𝑉𝑐𝑐𝑐𝑐𝑐𝑐) 

Where:  
PHIT = Total Porosity (v/v)  
Vqtz = Quartz Volume (v/v)  
Vcly = Clay Volume (v/v)  

 Equation 3.2—Effective porosity.  

𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 = 𝑃𝑃𝑃𝑃𝑃𝑃𝑃𝑃 − 𝐶𝐶𝐶𝐶𝐶𝐶 

Where:  
PHIT = Total Porosity (v/v)  
PHIE = Effective Porosity (v/v)  
CBW = Clay bound water (v/v)  

 

The highest quality Lyons rock is in Kimball County, Nebraska and Laramie County, Wyoming, 
in the center of the interpreted dune field where thickness and effective porosity are high, as shown 
by modeled porosity times thickness (PHI×H) (Figure 3.14) and average porosity (Figure 3.15) 
maps. Because no core data are available within the AoR, at least one future well will be cored 
within the AoR to evaluate the upper confining and injection intervals.  

The static and dynamic models will be updated with data obtained from the Conestoga I-l.







Plan revision number: 1 
Plan revision date: 1/31/2025 
 

Area of Review and Corrective Action Plan for Western Nebraska Sequestration Hub  
Tallgrass High Plains Carbon Storage, LLC – Conestoga I-1 Page 31 of 93 

Effective porosity values, derived from petrophysical logs in  wells (Appendix 3.1), were 
upscaled into the model grid by averaging the log values that intersected each model cell. In the 
clay-poor Lyons Formation, total and effective porosity (i.e., porosity that takes non-contributing 
clay porosity into account) are equivalent. After upscaling, porosity was distributed across the 
model using controls specifically designed to reflect the characteristics of the dune bodies, 
ensuring that the porosity distribution aligns with the size and orientation of dune features observed 
in the analog 3D seismic data. 

No facies model was used to control the porosity petrophysical model. The well control across the 
model domain is sufficient to effectively estimate porosity using geostatistical methods.  

Analysis of proprietary 3D seismic outside of the AoR images a Lyons dune with a length of 
20,000 ft, width of 8,000 ft, and orientation of -66 degrees from north. This orientation is consistent 
with the dominant cross-stratification direction observed in the Juniper M-1 characterization well 
and the paleo wind direction described in Sonnenberg (1981), Oldham (1996), and Lee and Bethke 
(1994).  

The porosity property model was generated using an elliptical variogram matching the observed 
orientation and length-to-width ratio: -66 degrees from north, with a major anisotropy range of 
50,000 ft and a minor of 20,000 ft. The ratio of the utilized anisotropy ranges is consistent with 
seismically imaged dunes, while the magnitudes are large enough to continue to honor offsetting 
well control in areas without data.  

Porosity was distributed in the model using the Gaussian Random Function Simulation algorithm 
and the elliptical variogram. Figure 3.16 provides a histogram of the input well log data, upscaled 
cells, and the resulting property model for the Lyons Formation injection zone. Maps (Figure 3.14, 
Figure 3.15) and cross-sections (Figure 3.17 and Figure 3.18) through the AoR showing the 
property model are also provided.  
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3.1.3.1.4 Matrix Permeability 
The porosity-permeability relationship within the Lyons Formation was determined from routine 
core analysis (RCAL) measurements (n = 42) and core descriptions within the Juniper M-1 well. 
There are two sand-bearing facies (Facies “A” and a “B”) within the Lyons Formation of the 
Juniper M-1, both of good reservoir quality and present in roughly equal proportions (Figure 3.19). 
Facies B, however, displays a slightly higher permeability trend for a given porosity and has been 
therefore assigned a different porosity-permeability trend. Comparison of porosity-permeability 
relationships within both faces with associated XRD data reveals that Facies B contains a higher 
proportion of potassium feldspar and, as a result, reads as a higher gamma in wireline logs that can 
be used as a proxy to determine facies assignment (Figure 3.20). In the Conestoga area, Facies B 
is the dominant facies present.  

 
Figure 3.19—Histogram showing the distribution of permeability by facies. Green columns represent the 
permeability distribution within Lyons Facies A. Light blue columns represent the permeability distribution 
within Lyons Facies B. Yellow columns represent the permeability distribution for both the Goose Egg and 
Satanka formations based on the CRA porosity-permeability relationship. 
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Figure 3.20—Porosity-permeability transforms for each facies. 

Separate porosity-permeability relationships for each facies were evaluated to achieve a better 
correlation with core RCAL and log data. High Plains used discreet porosity and permeability 
transforms within the Lyons for each of these distinct facies. Because of the log relationship 
between gamma ray and each respective facies, a GR cutoff was incorporated to govern facies 
assignment. Facies A transform was assigned to cells with an API greater than ; Facies B 
transform was assigned to cells with an API less than or equal to  (Figure 3.21 and Figure 
3.22). The GR log for each well  wells) was upscaled and modeled using the same variogram 
inputs and modeling algorithm as the porosity model (Figure 3.23 and Figure 3.24). After the GR 
property was distributed in the model, the facies cutoff was applied to discretize the two. Equations 
for respective permeability transforms are as follows: 

Equation 3.3—Facies A porosity-permeability transform. 

𝐾𝐾𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =  

Equation 3.4—Facies B porosity-permeability transform. 

𝐾𝐾𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹𝐹 =

 

.
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Strike and dip cross-sections of the calculated combined permeability property are displayed in 
Figure 3.25 and Figure 3.26. 

Within the Goose Egg (upper confining zone) and Satanka (lower confining zone), a third 
permeability transform was used to establish a relationship between porosity and permeability of 
tight seal rocks. Crushed Rock Analysis (CRA) is used on tight rock samples to properly clean low 
permeability samples more effectively than Routine Core Analysis (RCA) can. CRA also 
eliminates microfractures that could obscure the nano- and low microdarcy permeability ranges in 
tight mudstones and siltstones. CRA porosity and permeability measurements for samples (n = 40) 
in the Goose Egg and Satanka from the Juniper M-1 core were used to create a specific 
permeability transform for tight rocks in the model. This transform is only related to the porosity 
property and was applied to all cells within the Goose Egg and Satanka to generate a permeability 
property that best represents tight seal rocks (Equation 3.5).   

Equation 3.5—Crushed Rock Analysis (CRA) porosity-permeability transform. 

𝐾𝐾𝐶𝐶𝐶𝐶𝐶𝐶 =

 

The final modeled properties are summarized in Figure 3.27 at the Conestoga I-1 location. The 
distribution of porosity and permeability across the model domain is consistent with existing 
wireline log data at respective well control points. At the Conestoga I-1 location, the modeled 
average effective porosity is  and the average permeability is mD 
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Figure 3.27—Raw log data compared to upscaled and modeled properties for the Mathewson 1 type-well and modeled properties expected at the 
Conestoga I-1 location.  The “Gamma Ray” track displays the gamma ray from log data, increasing from 0 to 150 API from left to right. “GR [Modeled]” 
is the gamma ray property generated in the petrophysical model, increasing from 0 to 150 API from left to right. The “Porosity” track displays the 
PHIE from log data, increasing from 0 to 30% API from right to left. “POR [Modeled]” is the PHIE property generated in the petrophysical model, 
increasing from 0 to 30% from right to left. The “Facies” track displays the facies designation for permeability transform based on the associated GR 
[modeled] cutoff. Pink is Facies A, blue is Facies B, and green is CRA used in the upper and lower confining zones. The furthest column on the right, 
“K [Modeled],” is the resulting modeled permeability property, increasing from 0.001 mD to 10,000 mD from right to left. Changes in the modeled 
permeability property are displayed in the distance between the two wells. 



Plan revision number: 1 
Plan revision date: 1/31/2025 
 

Area of Review and Corrective Action Plan for Western Nebraska Sequestration Hub  
Tallgrass High Plains Carbon Storage, LLC – Conestoga I-1 Page 45 of 93 

3.1.3.2 Potential for Future Updates 
The static geologic model and the dynamic reservoir simulation represent a baseline that will be 
compared with future data and updated with new well data, including core analysis, log 
interpretations, and operational measurements and testing results. Each measurement will be 
systematically incorporated to refine future models, with every change in outcome compared to 
the original or subsequent models to quantify incremental changes across the Project area. Critical 
parameters to be obtained from the Conestoga I-1, including permeability, porosity, thickness, and 
injectivity, will be used to update the model as necessary. The model will be history-matched to 
the recorded injection pressures, volumes, and rate of plume growth to further tune input 
parameters. Following each iteration, changes in the pressure regime, potential pressure front (if 
generated), and plume size will be compared to the original boundaries of the AoR and adjusted 
accordingly. 

High Plains plans to acquire whole conventional cores from the Lyons Formation within the AoR. 
The acquisition, interpretation, and laboratory analysis of these cores will enhance the 
understanding of the reservoir at the injection site and contribute to a more robust geomodel. This 
will include more data on the distribution of each facies and the porosity-permeability relationships 
within the Conestoga I-1’s AoR.  

The structural interpretation and facies model will be refined by integrating additional seismic 
interpretations from licensed 2D surveys. Incorporating site-specific core data and seismic 
attributes within the AoR will provide the necessary inputs to conduct uncertainty analyses on 
various static and dynamic model parameters. 

3.1.3.3 Dynamic Model Geometry 
The static geologic model was used as input for the dynamic reservoir simulation. To reduce the 
run time of the dynamic simulation, the regional static geomodel was cropped to a smaller domain 
(Figure 3.12). The dynamic model domain covers an area of 5,900 sq miles and consists of 
14,760,739 3D grid cells arranged in a 551×301×89 (I×J×K) grid configuration. The grid size is 
1,000×1,000 ft. All horizons, layering, and properties remained unchanged following cropping. 

The CO2 injector well, Conestoga I-1, was included in the model to develop the plume and pressure 
responses. Figure 3.28 shows a 3D fence diagram of the dynamic grid with the permeability 
property and the injection well shown. The base of the injection zone (top lower confining zone, 
Top Satanka Formation) is displayed in green. Domain information for the dynamic grid is 
summarized in Table 3.1. 
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for the Lyons. No direct fluid samples are available from within the AoR. These values will be 
updated pending laboratory analysis of future fluid samples. 

The gas stream composition of the injected gas was modeled for the Conestoga I-1 well using a 
minimum of 95% CO2 with small to trace quantities of other components, including less than 5% 
nitrogen, oxygen, hydrogen sulfide, hydrogen, water, and hydrocarbons. For computational 
efficiency, only the most representative components in the gas stream with higher concentrations 
were included in the model. The injected gas composition included in the dynamic reservoir model 
comprised .  

The fluid model was conducted with the Peng and Robinson (1976) equation of state (EOS) to 
estimate fluid properties of the CO2-supercritical phase (Figure 3.30). CO2 saturation properties 
calculated from the EOS were in good agreement with experimental data obtained from the U.S. 
Department of Commerce’s National Institute of Standards and Technology (NIST) Chemistry 
WebBook database (NIST, 2024). 

For the aqueous phase, the simulator estimated the density using the Rowe-Chou correlation 
(CMG-GEM™), while viscosity was estimated using tables from experimental measurements of 
aqueous solutions following Kestin et al. (1981). The solubility in the aqueous phase was modeled 
by the general expression of Henry’s Law, considering the effect of both pressure and temperature 
(Harvey, 1996).  

Without site-specific datasets, fundamental fluid properties were defined using default values in 
the CMG’s GEM WINPROP™ components database. WINPROP™ is CMG's fluid property 
characterization tool (CMG’s WINPROP User Manual, 2024). 

 
Figure 3.30—Pressure-temperature diagram. 
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3.1.5.4 Rock Compressibility 
Rock grains in the reservoir experience external stress from the accumulation of overburden and 
pore pressure from fluids in the pore space. Rock compressibility (Cr) quantifies the change in 
rock volume because of these forces. Isothermal rock compressibility was assumed to be 3.43 × 
10-6 1/psi, within the typical range of sandstones calculated using Hall’s (1953) equation 
(Equation 3.6). An assumed porosity (φ) of v/v from the core sample used for SCAL 
evaluations (at 9,152 ft) was applied uniformly throughout the model. This value aligns with bulk 
compressibility measurements on a Lyons Sandstone sample from the Juniper M-1  

  

Equation 3.6—Hall’s (1953) correlation. 

Cr = 1.87×10-6 × φ-0.415 [1/psi] 

Where: 
Cr = total compressibility of reservoir rock [1/psi] 
φ = porosity [v/v] 

3.1.6 Boundary Conditions 
The reservoir was assumed to be semi-closed and fully saturated with brine. The aquifer boundary 
conditions were assumed to be open (infinite aquifer), acting over the horizontal boundaries at the 
south, west, and east. However, the north side of the model was assumed to be a closed boundary 
to represent the approximate location where the Lyons Formation sandstone facies grade into 
evaporites of the time-equivalent Stone Corral Formation. To simulate a semi-closed system, the 
pore volume at the model's edge was adjusted with a pore volume multiplier (MULTPV), where 
the pore volume of edge cells is set to be 10,000 times larger than the volume implied from the 
static model. Figure 3.31 illustrates the open boundary conditions (red grid blocks) at the model's 
east, south, and west edges. No flow boundary conditions were applied in the vertical direction at 
the upper and lower faces of the model. 
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The model assumes that the well operation is constrained either by maximum injection WHP or 
by maximum BHP. The maximum allowable WHP ( psi) was defined in the model by the 
proposed operational data. As the maximum bottomhole injection pressure did not exceed 90% of 
the Lyons Formation fracture pressure, the injection rate was controlled by the maximum WHP. 

The wellbore modeling feature from CMG-GEMTM was used in the dynamic model to specify the 
surface-to-reservoir wellbore pressure drop. Pressure drop was computed from a hydraulics table 
developed using the industry standard software Petroleum Experts PROSPER™ (PROSPER 
Manual, 2024). Hydraulic tables were calculated with inputs from wellbore design parameters for 
a -in. (outside diameter) tubing size, wellbore length, and a wellhead temperature of °F.  

Figure 3.33 presents the mass injection rate in millions of metric tons per annum (Mta) and the 
cumulative mass injected in millions of metric tons (Mt) from the model. The cumulative CO2 
mass for 12 years of injection resulted in 27.1 Mt with an average injection rate of 2.26 Mta. These 
results are also summarized in Table 3.4 for the 12 year of injection and 50-year post-injection 
periods.  

 
Figure 3.33—CO2 injection mass rate (Mta) and cumulative mass (Mt) for 12 years of injection. 

  









Plan revision number: 1 
Plan revision date: 1/31/2025 
 

Area of Review and Corrective Action Plan for Western Nebraska Sequestration Hub  
Tallgrass High Plains Carbon Storage, LLC – Conestoga I-1 Page 57 of 93 

secondary role but will take hundreds of years to affect the plume. These four mechanisms are 
detailed further as follows. 

Hydrodynamic Trapping 
Hydrodynamic trapping is a physical form of trapping in which injected CO2 migrates upwards 
until it encounters an impermeable cap rock. CO2 is less dense than formation brine and will 
continue to travel due to buoyant forces. CO2 will cease moving once it reaches a confining zone 
with higher capillary entry pressure than the hydrodynamic force (Zhang and Song, 2014). Pinch-
outs or facies changes of the injection zone may act as structural traps to prevent CO2 migration. 
The injectate will then accumulate under this trap, similar to a gas cap seen in natural gas 
reservoirs. 

Residual CO2 Trapping 
Residual trapping is another physical form of trapping CO2 within the pore space caused by brine 
imbibition after the injected fluid displaces the brine. In a brine-filled reservoir, the grains of the 
rock are naturally water-wet (Juanes et al., 2006). During injection, the nonwetting fluid (i.e., 
supercritical CO2) will first displace the brine, otherwise known as drainage. After injection ceases, 
the plume will continue to migrate upwards; as it does, the wetting fluid (i.e., brine) will reenter 
the pore space below, displace some nonwetting fluid, and trap the rest (Zhang and Song, 2014). 
This displacement of the nonwetting fluid due to the wetting fluid is known as imbibition. 

Solubility Trapping 
Solubility trapping is a chemical form of trapping where the supercritical CO2 dissolves in the 
formation brine. CO2 will come into contact with the formation brine as the plume travels. CO2 is 
highly soluble in the brine, resulting in a denser solution and thus allowing it to sink to the bottom 
of the reservoir. The solubility of CO2 in water is a function of temperature, pressure, and water 
salinity (Chang et al., 1998). Higher salinities and temperatures make it more difficult for the CO2 
to dissolve in brine. However, higher pressures will allow more CO2 to dissolve. This process 
occurs on the timescale of hundreds of years. 

Mineralization 
Also known as mineral trapping, mineralization is a process that occurs over hundreds of years. 
This form of chemical trapping occurs when the injected CO2 reacts with the reservoir rock and 
brine, dissolving in the saline water and forming a weak carbonic acid. The acid then reacts with 
the rock to form a solid carbonate mineral and becomes immobile. A variety of chemical reactions 
have been documented.  

The model does not incorporate mineralization, potentially increasing the modeled CO2 plume’s 
lateral extent. 

Figure 3.34 shows the estimated contribution of the different trapping mechanisms considered 
during the injection and post-injection periods. From the simulation results for Conestoga I-1 well, 
the structural (free-phase CO2) and residual (capillary) trapping processes were found to be the 
dominant trapping mechanisms during the forecast period. CO2 dissolution into the aqueous phase 
also contributes significantly to CO2 storage security. 
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Figure 3.34—Simulated total free-phase supercritical CO2, CO2 trapped (capillary), and CO2 dissolved in 
brine. 

Most injected CO2 at the end of the injection period remains stored as free-phase CO2. The 
capillary trapping mechanism can immobilize a portion of this free-phase CO2 plume in the pore 
space during the post-injection period. Capillary forces are represented in the model by the relative 
permeability and capillary pressure inputs.  

Both structural and capillary trapping mechanisms could be enhanced by local, primarily vertical, 
heterogeneities that provide barriers to buoyancy-driven flow.  

The trapping mechanism results in Figure 3.34 show that significant amounts of CO2 can be 
dissolved in the formation brine. A decrease in the free-phase CO2 is an effect of the rate of CO2 
dissolution in brine and the CO2 trapped during the post-injection period. Simultaneously, the 
dissolution and capillary trapping mechanisms continue to increase post-injection, lowering the 
migration risk. 

3.2.1.3 CO2 Migration 
CO2 migration in the reservoir was calculated from the simulation. Figure 3.35 shows a west-to-
east cross-section through the injection well, displaying the modeled free-phase CO2 saturation. 
Two snapshots are shown, one at the end of the injection (EOI) and another at the end of the post-
injection period, corresponding to the end of the 50-year PISC (2089). CO2 plume boundaries are 
shown for each snapshot. After the EOI, the CO2 plume continues to expand in the Lyon 



Plan revision number: 1 
Plan revision date: 1/31/2025 
 

Area of Review and Corrective Action Plan for Western Nebraska Sequestration Hub  
Tallgrass High Plains Carbon Storage, LLC – Conestoga I-1 Page 59 of 93 

Formation, primarily up-dip (east). The results show the CO2 plume is contained inside the target 
storage formation. The sealing capacity of the fine-grained upper caprock constitutes an effective 
means to stop vertical migration. 

Figure 3.36 shows a map with a time-lapse of the modeled CO2 plume extents from 2039 to 2089. 
The final stabilized CO2 plume boundary is approximately  ft. CO2 plume 
stabilization was estimated based on the change of CO2 plume radius with time, as shown in Figure 
3.37.  

As the model does not consider geochemical reactions (mineralization), the free-phase CO2 
saturation CMG-GEM™ output was taken as a proxy for supercritical CO2 concentration.  

The lateral migration of the CO2 plume is mainly caused by buoyancy, with the CO2 rising to the 
top of the injection zone, reaching the lower permeability layers at the base of the upper confining 
zone, and then moving outward along this interface. This is demonstrated in the cross-section 
through the plume at the end of PISC (Figure 3.35b). The CO2 concentration is highest at the 
center of the plume and near the well at the end of the injection period (Figure 3.35a) then it 
gradually disperses toward the plume's edges, where CO2 saturation is lower. 
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Figure 3.35—Cross sections showing CO2 concentration at (a) the end of injection and (b) at the end of the 
50-year post-injection site care (PISC) period displayed west-to-east through the Conestoga I-1 well; (c) 
plume boundaries at the end of the injection period in year 2039 (EOI, model year 12), and at the end of 
the PISC in year 2089 (model year 62, AoR). 
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Figure 3.37—Change in plume radius over time. The CO2 plume radius is considered stable (less than 1% 
change in plume radius per year) in January 2054, which is 15 years after the end of injection (EOI). 
 

Average Pressure Differential 
The average pressure differential in the injection zone at the end of injection (year 2039) is shown 
in Figure 3.38 while the average pressure differential at the end of PISC (year 2089) is provided 
in Figure 3.39. Both figures also show the modeled plume extent at their given time-step. The 
CO2 plumes are displayed in terms of the free-phase CO2 saturation with a gas saturation cut-off 
of   

A maximum differential pressure of  psi is observed at the top perforation depth of the well 
 ft MD) after the 12-year injection period.  
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Figure 3.38—Average pressure differential within the Lyons Formation at the end of injection (model year 
12). Polygons show areas with  injectate concentration after 12 years of injection (purple) and 50 years 
post injection (the AoR; red dashed).  
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Plume Stabilization 
Figure 3.37 shows the annualized change in CO2 plume radius over time. Results show that the 
plume radius changed significantly during the injection period from January 2027 to January 2029. 
From the end of injection (EOI, January 2039) until 15 years after EOI (January 2054), the plume 
radius change decays gradually. The change in plume radius is observed to be stabilized (< 1% 
increase per year) 15 years after the end of injection. 

3.2.1.1 Potential for Future Updates 
The principal source of uncertainty identified during the modeling and simulation process is the 
lack of direct, site-specific, measurements to calibrate the model. As additional data is collected, 
the model's input parameters will be adjusted, and the simulations will be re-run using the collected 
datasets to reduce model uncertainty. These new parameters will establish a baseline from which 
injection rate and pressure data collected at the injection well will be used to history-match the 
model to the observed data. This history match further tunes the laboratory measurements to 
account for variability in the subsurface parameters that cannot be directly measured and 
quantified.  

3.2.1.2 Model Calibration and Validation 
As the model is iterated with data from the injection and monitoring wells, sensitivity analyses 
will be incorporated into the model documentation. Once injection commences, history matching 
will be performed and incorporated into AoR re-evaluations. 

3.3 Area of Review Delineation 

3.3.1 Critical Pressure Calculations 
The methodology for calculating critical (also referred to as ‘threshold’) pressure has been 
calculated following the U.S. Environmental Protection Agency’s (EPA) Underground Injection 
Control (UIC) Program Class VI Well Area of Review Evaluation and Corrective Action 
Guidance. Calculations assume a hypothetical scenario of a conduit open to both the injection zone 
and the lowermost USDW.  

The depth of the base of the lowermost USDW, as discussed in Section 3.1.2, is approximately 
 ft below ground surface (bgs), as determined from offset logs. The critical pressure is 

calculated for the top of the proposed well perforation in the injection zone, estimated at ft 
TVD. The fluid in the injection zone is assumed to be brine with a  mg/L TDS 
concentration and a pore pressure gradient of psi/ft. A summary of the calculation inputs is 
included in Table 3.6. 
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modeled to exceed critical pressure differential (see Section 3.3.1, Figure 3.38), no pressure front 
is generated. Therefore, the AoR for this Project has been determined only to include areas where 
elevated CO2 saturations  in the injection reservoir will occur, the stabilized plume extent.  

3.4 Corrective Action  

3.4.1 Tabulation of Wells Within the Area of Review 

3.4.1.1 Wells Within the Area of Review  
All artificial penetrations have been evaluated, including oil and gas wells, water disposal wells, 
stratigraphic boreholes, plugged and abandoned wells, and water wells within the AoR found in 
private and state databases. A map depicting all artificial penetrations within and around the AoR 
is provided in 2.2.1a_HighPlains_Conestoga_1_AoR_Map_Arch_D_1-20k_land-topo.pdf. A 
larger scale version (1:16,000) showing recent satellite imagery is provided in 
2.2.1b_HighPlains_Conestoga_1_AoR_Map_ArchE_1-16k_SatImage.pdf. The methods and 
data sources reviewed are described below. 

Oil and Gas Wells 
Oil and gas well locations were obtained from the S&P Global Enerdeq well database2 and cross-
referenced for accuracy against the latest version of the Nebraska Oil and Gas Conservation 
Commission (NOGCC) Nebraska Well Database,3 dated April 19, 2024. Available well files from 
the NOGCC were downloaded and reviewed for each identified well to confirm the total depth and 
zones penetrated. The search revealed that only one of the 189 wells within the AoR penetrates 
the Lyons Formation injection zone or the Goose Egg Formation upper confining zone: the 
Mathewson 1 (API No. 26-105-22372).  

At High Plains’ request, the NOGCC searched their records to verify that no other wells, not in 
the online database, have been drilled within the AoR. They confirmed that, aside from the 

 none of the wells in the AoR were drilled to a depth exceeding  TVD—the 
approximate depth to the top of the upper confining zone. The NOGCC’s confirmation email, 
verifying that the Mathewson 1 is the only well within the AoR that has reached the depth of the 
Goose Egg upper confining zone, is included: 3.4.1a_NOGCC_Email_regarding-Mathewson-
1_26105223720000.pdf.  

Additionally, a review of recent satellite imagery within the AoR revealed no evidence of well 
pads without corresponding wellhead locations in the databases. 

A list of all wells within the AoR, indicating the total depth of the well and the deepest formation 
penetrated, is provided in Appendix 3.2 and the following file: 3.4.1b_AoR Oil and Gas Well 
List (S&P Enerdeq)-dist.xlsx. 

 
2 https://www.spglobal.com/commodityinsights/en/ci/products/oil-gas-tools-enerdeq-browser.html - Accessed 
7/29/2024 
3 http://nogcc.ne.gov/Publications/NebraskaWellData.zip - Accessed 7/29/2024 
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All publicly available well files and logs from the NOGCC for wells within the AoR are provided 
in the following file: 3.4.1c_Oil and Gas Well Files_AoR_NOGCC_.zip. 

Water Wells 
Water well locations were obtained from the Nebraska Registered Wells Inventory.4 The records 
in this database are sourced from the Nebraska Department of Natural Resources. This database 
was last updated on June 4, 2024. The deepest well within the AoR is drilled to 400 ft bgs. Based 
on these depths, all are completed in the High Plains Aquifer. 

Eight water wells located within the AoR were identified. Six wells are active, one is inactive, and 
one is decommissioned; four are for livestock watering, three are for irrigation use, and one is for 
water quality monitoring. A list of water wells within the AoR is provided in 3.4.1b_AoR Water 
Well List_NE_DNR.xlsx, and a summary of these wells is provided in Table 3.7. Well files for 
all water wells within the AoR are provided in 3.4.1d_Water Well Files_NE_DNR.zip. 

 
4 https://www.nebraskamap.gov/datasets/groundwater-wells-dnr/explore - Accessed 7/26/2024 
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Figure 3.40—  current configuration wellbore diagram. 
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Figure 3.41—  proposed corrective action re-abandonment. 
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3.4.2 Plan for Site Access 
The State of Nebraska has confirmed ownership of the well and will facilitate access to the 
wellbore prior to scheduled work. Additionally, High Plains is collaborating with the landowners 
to ensure road access to the location. 

3.4.3 Corrective Action Schedule 
While the injectate plume is not predicted to reach the  until approximately  
years after the start of injection (Figure 3.36), the re-abandonment of will occur 
prior to commencing injection into the Conestoga I-1 but following the issuance of a Permit to 
Construct for the Project. 

As the  is the only penetration of the confining zone within the AoR and the only 
well requiring corrective action, no phased corrective action is planned.  

If the results of testing and monitoring and/or a future AoR re-evaluation (described in the next 
section) result in the AoR increasing in area, all additional artificial penetrations will be evaluated 
as above to determine if they penetrate the upper confining zone. If a penetration is identified, it 
will be thoroughly reviewed to determine whether corrective action is required. Should 
remediation be necessary, a plan will be developed, and a schedule will be proposed and submitted 
to the Program Director as part of the AoR re-evaluation. High Plains will guarantee site access is 
maintained for any future corrective action. 

3.5 Re-evaluation Schedule and Criteria 

3.5.1 Area of Review Re-evaluation Cycle 
As required, High Plains will re-evaluate the above-described AoR every five years during the 
injection and post-injection phases. The procedure used to reevaluate the AoR will be based on the 
testing and monitoring data collected between reevaluations and the well conditions at the time of 
reevaluation.  

Future sensitivity analyses will help identify model parameters that drive the largest changes in 
the plume and AoR size. Changes to the input parameters will be entered into the model, and the 
impact on the AoR and plume size will be calculated incrementally from each change. Each 
incremental change will then be compared to the original AoR or further sensitized for uncertainty.  

AoR reevaluations will discuss the following: 

• Changes to the monitoring and operational data prior to the scheduled reevaluation date. 
• How monitoring and operational data (e.g., injection rate and pressure) will be used to 

update the geologic model and the computational simulations to determine the AoR. 

3.5.2 Triggers for AoR Re-evaluations Prior to the Next Scheduled Re-evaluation 
The following changes or observations will trigger an AoR re-evaluation prior to the next 
scheduled reevaluation: 

o Significant changes in injection rates or pressures. 
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o Injection wells added/removed from the Project. 
o Determination of the plume growing faster or in a manner inconsistent with earlier 

model results. 
Any observations or measured data deemed to have a material impact on the plume size or AoR 
will trigger a re-evaluation of the AoR model. Once the injection well is drilled and the new data 
is acquired and analyzed, the static and dynamic models will be updated, and the AoR will be 
revised as necessary. Any newly identified wells within the updated AoR will be assessed to 
determine if corrective action is required. If corrective action is necessary, it will be conducted 
using methods designed to prevent fluid migration into or between USDWs, including the use of 
materials compatible with the carbon dioxide stream where appropriate. An amended AoR and 
corrective action plan will be submitted, or, if no changes to the AoR are warranted, the supporting 
data and modeling results will be provided. 

High Plains will discuss such events with the UIC Program Director to determine if an AoR re-
evaluation is required. If an unscheduled re-evaluation is triggered, High Plains will perform the 
steps described above.  
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