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1. Executive Summary

1.1 Introduction

The Archer Daniels Midland (ADM) Company (“Operator”) proposes an underground injection project
at its agricultural products and biofuels production facility located in Decatur, lllinois. The goal of this
injection project is to add an additional underground injection well to accept and retain industrial-scale
volumes of carbon dioxide (CO2) for permanent geologic sequestration. Two pre-existing Carbon
Capture and Sequestration (CCS) wells with associated equipment have previously been constructed
and operated at the facility.

Carbon Capture and Sequestration Well #3 (CCS#3) is to begin injection upon permit approval at an
approximate rate of 3,300 metric tons per day (MT/day). At least 1.1 million MT will be injected
annually.

The proposed sequestration site at the ADM facility will be supplied with nearly pure CO2 from ADM or
3™ party systems, including but not limited to:
- Allam Combustor flue gas
- Oxy-combustion boiler flue gas
- CO;from ADM'’s various ethanol and cogeneration facilities, including but not limited to Decatur,
IL; Clinton, IA; and Cedar Rapids, IA

Following cessation of the operational period, ADM proposes a
post-injection monitoring and site closure period of 10 years.

The transmission system that will service CCS#3 consists of a pipeline that transports the compressed
CO2 to the sequestration site, approximately 1 mile from the surface facility. The sequestration site
associated with the new well will consist of the new CCS#3 injection well, with associated equipment,
and one additional verification well (Well VW#3) to monitor the sequestered CO2.

The proposed sequestration site at the ADM facility will be supplied with nearly pure CO2 from various
processes as outlined in Section 8.6 CO2 stream characteristics.

ADM will leverage the knowledge and experience gained from existing site CCS operations to design,
construct, and operate the CO2 collection, compression, dehydration, and injection facility capable of
delivering and sequestering over 1 million MTs per year of CO2 in CCS#3 into the Mt. Simon.

The construction phase of the project is expected to last 18-24 months, allowing the commissioning
and operation of the new well facilities to occur beginning in January 2025.
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1.2 Injection Plan

The proposed mass to be injected is to be approximately 3,300 MT/day of supercritical CO2. A
cumulative CO2 mass of 14.3 million tons is projected over approximately twelve years of operation
and injection is scheduled to begin in January 2025. Injection rates will be metered and are projected
to remain continuous during the injection period.

During the period prior to injection, assessment of perforation strategies and subsequent modeling will
take place to further predict the behavior of the CO2 plume based on the data collected during the
CCS#3 injection well installation. Permeability-thickness and the injectivity of several sub-intervals
(layers) within the Mt. Simon will be quantified and assessed, to more fully understand the impact of
lower permeability interval(s) within the Mt. Simon on the distribution of the buoyant CO2 plume.

1.3 Injection Fluid

Information pertaining to composition, quantity, origin and other data of the proposed CO2 streams are
presented in 8.6 CO2 stream characteristics.

CCS#3 will be operated at a maximum daily injection rate of 3,300 MT/day and average annual average
injection rate of 1.1 MT/year from the combined CO2 sources addressed in Section 8.6, with injection
beginning in January 2025. The total injection mass, over the life of the well, is anticipated to be at least
14.3 million MT.
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2. General Information

2.1 Applicant and Site Information

Applicant:

USEPA Identification No.
IEPA Identification No.
Facility Contact:

Mailing Address:

Phone:

Injection Well Location:

Archer Daniels Midland Company — Corn Processing
ILD984791459

1150155136

Mr. Jason Stahr, Plant Manager

4666 Faries Parkway

Decatur, IL 62526

217-451-6330

CCS#3 (proposed):

39°52'12.936" N, -88° 52'49.188" W

South center of Section 33

Township 17N, Range 3E (Whitmore Township)
Decatur, Macon County lllinois

Site Information:

County:
SIC Codes:

Owner/Operator:

Operator Status:
Phone:
Indian Lands:

Existing Environmental Permits:

NPDES
uIC

RCRA
Other

Macon

2046 — wet corn milling

2869 — industrial organic chemicals,
ethanol 2075 — soybean oil mills

2076 — vegetable oil mills

Archer Daniels Midland Company — Corn Processing
4666 Faries Parkway

Decatur, IL 62526

Private

1-800-637-5843

The site is not located on Indian lands.

Industrial Storm Water Permit IL0061425
IL-115-6A-0001

IL-115-6A-0002

None

Various air permits, including Title V Clean Air Act Permit
(#96030038)
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Other Sanitary District of Decatur Pre-Treatment, Permit #200

Nature of Business:

ADM is a manufacturer of biodiesel, ethanol, soybean oil and meal, corn sweeteners, flour, and other
value-added food and feed ingredients.

2.2 Cross-Reference Table to Class VI Injection Well Rules
See APPENDIX F: Cross-Reference Table of Class VI Injection Well Rules (40 CFR Subpart H) for list of
regulations and how this application meets applicable requirements.
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2.3 List of Abbreviations Used in this Application

2D two-dimensional

3D three-dimensional

ADM  Archer Daniels Midland

aka also known as

AoR area of review

API American Petroleum Institute
bbls  barrels

BGL below ground level

BHA  bottom hole assembly

BHCT bottom hole circulating temperature
BHST bottom hole static temperature
BOD  basis of design

BOP  blow out preventer

bpm  barrels per minute

B-T gauge Bourdon-tube gauge
BTC buttress thread & coupling
BTU British thermal unit

C Celsius

CaCl2 calcium chloride

CaCO3 calcium carbonate

CBL cement bond log

CCs carbon capture and sequestration
cf cubic feet

cf/sk  cubic feet per sack

CFR Code of Federal Regulations
cm centimeter(s)

CO2  carbon dioxide

cp centipoises (viscosity unit)
csg casing

cu capture units

D&CWOP Drill and complete well on paper
e.g. for example

EMR  electronic memory recorder
EOR  enhanced oil recovery

EOT  end of tubing

est. estimate

etc. et cetera

EUE external upset end

F Fahrenheit

FIT formation integrity test

FEED front end engineering design
FOT  fall-off test
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FS

ft
ft/hr
ft/min
gal/sk
g/L
gpm
GR
H2S
HAZOP
hp
hr(s)
IBDP
IBOP
ID
IEPA
IL-ICCS
in.
ISGS
KB

KCI

km

L (1)

Lb (lbs)

full scale

foot or feet

feet per hour

feet per minute

gallons per sack

grams per liter

gallons per minute

gamma ray

hydrogen sulfide

Hazard and Operability Study
horsepower

hour(s)

Illinois Basin — Decatur Project
inside blowout preventer

inside diameter

Illinois Environmental Protection Agency
Illinois — Industrial Carbon Capture and Sequestration
inch(es)

Illinois State Geological Survey
kelly bushing (depth referenced to)
potassium chloride

kilometer(s)

liter(s)

pound (pounds)

Lb/ft (Ilbm/ft) pounds per foot

Lb/sk pounds per sack

LCM  lost circulation material

LTC long thread & coupling

M (m) meter(s)

m/hr  meters per hour

MASIP maximum allowable surface injection pressure
MDT  modular dynamic tester

mD millidarcy (millidarcies)

MD measured depth

meV  milli electronvolts

mg/L  milligrams per liter

MFC  multi-finger caliper

MGSC Midwest Geologic Sequestration Consortium
Ml move in

mi. miles

mL milliliter

mmscf million standard cubic feet

MO move out

Mol. mole

MOSDAX modular subsurface data acquisition system
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uPa microPascal

MPa  MegaPascal

MSL  mean sea level

MT metric tonnes

MT/daymetric tonnes per day

MVA  monitoring, verification, and accounting
N2 nitrogen (atmospheric)

NaCl  sodium chloride

N/A  not applicable

ND nipple down

NPDES National Pollution Discharge Elimination System
NRC  Nuclear Regulatory Commission
NU nipple up

02 oxygen (atmospheric)

oD outside diameter

Pa Pascal (pressure unit)

P&A  plugging and abandonment

P&ID Piping & Instrument Diagram

PBTD Plug back total depth

PCSD Process Control Strategy Diagram
PFD process flow diagram

PFO pressure fall off

PISC  post-injection site care

POOH pull out of hole

Poz pozzolan

ppg pounds per gallon

ppb parts per billion

ppf pounds per foot

ppm  parts per million

ppmv parts per million by volume

ppmwt parts per million by weight

psi pounds per square inch

psia pounds per square inch atmospheric
psig pounds per square inch gauge
psi/ft pounds per square inch per foot
PV plastic viscosity

QA quality assurance

QHSE quality, health, safety, and environment
Qty quantity

RCC Richland Community College

RD rig down

RU rig up

RST reservoir saturation tool

RSTPro trademark reservoir saturation tool
S (sec) seconds
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SCS
SCMT
sk(s)
SIP
SP
SPF
SRPG
SRTs
SS
STC
TBD
tbg
TD
TDS
TEC
TIH
TIW
TOH
TVD
uIC

Schlumberger Carbon Services
slim cement mapping tool
sack(s)

surface injection pressure
spontaneous potential

slots per foot

surface-readout pressure gauge
step rate tests

stainless steel

short thread & coupling

to be determined

tubing

total depth

total dissolved solids
tri-ethylene glycol

trip in hole

Texas Iron Works (pressure valve)
trip out of hole

true vertical depth
underground injection control

US DOE United States Department of Energy
USEPA United States Environmental Protection Agency
USDW underground source of drinking water

USGS
usIT
V(v)
VFD
VSP
WEFL
WOC

United States Geological Survey
ultrasonic imaging tool

volt

variable frequency drive
vertical seismic profile

water flow log

wait on cement

Page 14 of 192



ADM - Decatur, IL
CCS3 Application
August 2022

3. Site Geologic Characterization

3.1 Regional geology and geologic structure

Figure 3.1-2 displays the petrophysical results of the Mt Simon Formation at
CCS#1. The facies of the Lower Mt. Simon are a mixture of several depositional environments that
include subaqueous coast, subaerial coast, lagoon, river, plain, and eolian plain (FreiburgJ. T., 2016).
The Lower Mt. Simon is divided into three subunits (B, A-Upper, A-Lower).
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STRATIGRAPHIC COLUMN OF THE ILLINOIS BASIN

Figure 3.1-1: Stratigraphic Column for the lllinois Basin (ISGS, 2011)
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Figure 3.1-2: Petrophysics at CCS#1 (gamma ray, porosity, and permeability).
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3.2 Faults and fractures

There is very low risk for faulting or fracturing near the CCS#3 well to impact the arrestment properties of the
confining zone at the site. In addition to characterization of the site geology that supports the sealing properties
of the cap rocks, during the injection phase of the project to date wherein CO2 was managed in the Mt. Simon at
the nearby CCS#1 and CCS#2 wells (beginning in 2012), no loss of containment has occurred and no
microseismic events occurred above the injection zone. Faulting does not and will not contribute to lack of
containment because:

e Inthe area, no faulting could be identified on the original 3D seismic processing, and no faults were
evident on the newly interpreted 2D seismic lines (Knox 501, Knox 601, Knox 101) as described in
Section 3.1. Seismic line Knox 501 passes near to well CCS#3.

e The faults interpreted to be present based on the reprocessed 3D seismic at IDBP to the west of CCS#3
all show very small vertical displacement (throw). Additionally, the faults that may be present in the
upper Mt. Simon also are projected to have minimal horizontal offset (<10 feet). None of the faults cut
the overlying Eau Claire confining zone. It should be noted that these inferred faults show little
correlation to the location of microseismic events recorded during the IBDP project.

e Microseismic events suggest that fractures may be present in the Precambrian, Argenta and lowest units
of the Mt. Simon zone, however these zones are well below the confining zone.

No faults were interpreted on the original 3D or 2D seismic. Fault interpretation in this area is very difficult as
the faults have small offsets that are well below the resolution of the seismic data. In the Mt. Simon interval,
the seismic wavelengths are approximately 200 feet, and offsets of at least % wavelength (50 feet) are typically
required for reliable fault interpretation. The seismic used for the CCS#1 and CCS#2 permits did not exhibit any
offsets in the seismic signatures to indicate faulting, and no faults were visible on the 2D seismic lines used to
extend the structural surfaces for the model used in the reservoir simulation of CCS#3.

3.2.1 Interpreted faults near CCS#1 and CCS#2 based on reprocessed 3D seismic data

Recent reprocessing of the 3D seismic cube was performed to boost the upper frequency band of the 3D seismic
data, resulting in a crisper image of the injection zone and the Precambrian basement. The continuity observed
in the original seismic section (yellow box in the lower panel of Figure 3.2-1) was disrupted by the frequency
boosting (in the upper panel, Figure 3.2-1). After the higher frequencies were boosted in the 3D cube, an edge
detection algorithm was applied to the reprocessed data, which identified discontinuities in the 3D seismic that
may be attributed to depositional changes or may be related to faulting. The next step was to apply an Ant-
tracking algorithm to the edge detection cube to planarize these discontinuities. When constrained by a
stereonet filter, Ant-tracking will produce only near-vertical features that imply faulting. However, there is
significant uncertainty associated with the use of this algorithm, based on this seismic quality, to identify faults
so the location of any features interpreted as faults is suspect. Also, the manual interpretation performed using
the Ant-track cube as a guide is a subjective process, and interpretations can vary significantly between
interpreters.
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Figure 3.2-1 — Original seismic processing (bottom panel) and 2019 reprocessing (top panel). Note the lateral continuity of the Mt.
Simon C in the yellow box on the bottom panel, as compared to the disruption in the seismic signature in the yellow box on the upper

panel.

During injection at IBDP, almost 5000 microseismic events were detected (a full discussion in Section 3.8) If
faults were to exist, it is expected these would overly the microseismic clusters. Figure 3.2-Figure 3.2-2 shows
the microseismic events recorded at IBDP, and the interpreted faults (where they intersect the Precambrian
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horizon). However, Figure 3.2-2 shows there is little correlation between the event clusters and the fault
interpretations.

Figure 3.2-2 — Association of interpreted faults and microseismic events at IBDP. The surface is the Precambrian basement, the white
lines represent the intersection of the interpreted faults from the 3D with the Precambrian, and the blue points are the recorded
microseismic events. There are several linear clusters of events which show a low degree of correlation with the interpreted faulting.

3.2.2 Fractures implied by microseismic recorded at IBDP

Of nearly 5000 microseismic events recorded at IBDP, the majority occurred in the Precambrian basement, with
some occurring in the Argenta and Lower Mt. Simon formations. Figure 3.2-3 shows a cross section of the
microseismic events, and a histogram of the depth of the microseismic events below the confining zone. Of the
thousands of events shown, all buty two occurred over 900 feet below the base of the confining zone, indicating
that these events occurred deep within the section, most originating in Precambrian basement. While
occurrence may be associated with Precambrian faults/fractures, the occurrence is limited to deep basement
with no events occurring near or above the confining zone.
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Figure 3.2-3 — Cross section through IDBP from Dando, 2021 (a) and histogram of the depth below the
confining zone for microseismic events (b). The cross section shows the majority of microseismic events occur
in the Precambrian, with some in the Argenta and Lower Mt. Simon. The histogram shows the depth of events
below the Eau Claire shale.
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3.3 Injection and confining zone characteristics

3.3.1 Variogram Analysis

The porosity logs acquired from the four wells used in modeling provided relatively high vertical resolution
regarding effective porosity at each well; however, without using other data, little was known about the porosity
values between the wells. To complete geological modeling, it was necessary to interpolate the data from the
wells into the interwell space in a way that represented the geological setting. Variogram analysis was used to
evaluate the geological setting, and it was used to interpolate the effective porosity of the formations in the
interwell space based on the measured log data. Variograms are often determined from well data; however, due
to the limited number of well logs available at the site, this analysis could not be completed in a statistically valid
way on only four well data set. To complete the modeling, variogram analysis was completed based on the
upscaled 2019 Porosity Cube (Figure 3.3-1) because it has a high horizontal sampling rate. The 2019 Porosity
Cube was only processed for the Eau Claire Shale down to the upper section of the Precambrian. The upscaling
process used an averaging algorithm to define one porosity cube value for each model cell. This provided a way
to calculate a series of zone-specific parameters, which included a variogram map, major azimuth, range, sill,
nugget, and function types (Figure 3.3-1 and 3.3-2Figure 3.3-). The quantified variogram parameters that were
generated for each formation are explained below and shown in Table 3.3-1:

e Variogram map: In variogram analysis, deciding on the direction of the variogram is one of the first
decisions that must be made. This was completed using variogram maps (Figure 3.3-2). Theoretically, the
direction of maximum continuity (major direction) and direction of minimum continuity (minor direction)
are found after the variograms are calculated in all possible directions (from 0 degree to 359°). Then, the
ones that show minimum and maximum range are selected as the variograms that represent the minor
and major directions.

0 The major direction defines the direction where the sample points have the strongest correlation.
The azimuth angle of this major direction can be changed interactively by editing the direction in
the search cone. Azimuth angle is specified as the clockwise angle from the north (in degrees).

0 The minor search direction is perpendicular to the major direction.

e Range: The range describes where the variogram model reaches its plateau (i.e., the separation distance
where there is no longer any change in the degree of correlation between pairs of data values). The range
is specific in each direction for the model variogram. A large range means greater continuity and a small
range means less continuity. The larger the range, the smaller the heterogeneity. Major and minor ranges
were extracted from the highly horizontal sampled 2019 Porosity Cube, and the vertical range was taken
from the well log analyses.

o Sill: The sill is the semi-variance where the separation distance is greater than the range (on the plateau).
This describes the variation between two unrelated samples.

e Nugget: The nugget is the semi-variance where the separation distance is zero.

e Variogram types: Different methods (variogram types) exist. The types used in this project were:

0 Spherical: The curve is linear at shorter distances and then makes a sharp transition to a flat sill.

0 Exponential: The curve has an exponential behavior, with a rapid variation at shorter distances.
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Table 3.3-1. Variogram parameters extracted from the 2019 Porosity Cube and well logs
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Figure 3.3-1. Steps used to generate the mini grid for geostatistical extraction.
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Figure 3.3-2: Variogram maps extracted from the 2019 Porosity Cube.

3.3.2 Petrophysical Modeling of Effective Porosity and Permeability Interpolation

The effective porosity logs from the four wells used in modeling provided high vertical resolution at each well;
however, little was known about the porosity values between the wells. Using the variogram analysis described
in Section 3.3.1, the 2019 Porosity Cube was used to guide the petrophysical modeling of effective porosity. This
was used because there is a correlation of seismic inversion properties (porosity and acoustic impedance, Al)
with the well log properties (porosity and Al). Seismic inversion requires a relationship to be defined between
the Al observed in the 3D seismic survey and the total porosity in the well logs. The relationship is then used to
transform the 3D acoustic impedance (Al) volume into a porosity volume (2019 Porosity Cube). A reliable
correlation between the porosity well log and the 2019 Porosity Cube was found.

Effective porosity and permeability were interpolated using the above-described geostatistics. Because of the
presence of reservoir and non-reservoir facies types, the porosity and permeability were modeled separately
within each zone and facies type. Cokriging was used to take advantage of the covariance between the effective
porosity logs and the 2019 Porosity Cube. This method is appropriate here because the primary data (effective
porosity logs) has high vertical resolution but is not present between wells; the related secondary data (2019
Porosity Cube) lacks high vertical resolution but has abundant horizontal sampling between the wells. Using this
relationship, in 2020, a more-reliable reservoir model was developed because it capitalizes on the strengths of
both the high vertical resolution well log with the higher horizontal sampling seismic data. A plot of the upscaled
porosity versus the porosity cube is shown to have a reasonable correlation coefficient of 0.81; therefore, the
porosity cube can be used as a reliable cokriging variable (Figure 3.3-3Figure 3.3-). Using the geostatistics from
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each formation from the variogram analysis, permeability was cokriged using Gaussian random function
simulation (GRFS) against the effective porosity property (Figure 3.3-3). Cokriging was used to take advantage of
the known covariance between effective porosity and permeability.

Synthetic logs were extracted from the geocellular model at the proposed CCS#3 well location (Figure 3.3-4).
Increased porosity and permeability are predicted in the Mt. Simon A Upper and Lower formations.

Figure 3.3-3: Property model workflow.
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Figure 3.3-4: Synthetic facies, porosity, and permeability at the proposed CCS#3 well location extracted from the 3D model.
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3.4 Hydrologic and hydrogeologic Information

As with the currently permitted CCS1 and CCS2 Class VI injection wells, the CCS3 Class VI well targets an injection
zone in the Cambrian Mt. Simon Sandstone of the lllinois Basin (see coordinates above under Section 2.1).
Geologic and hydrologic information on the injection and confining zones was collected during the drilling and
testing of the nearby injection wells CCS#1 and CCS#2, as well as the two deep monitoring wells VW#1 and
VW#2. Data from an ISGS database of core sample data and additional core sample analyses from sites within
approximately 30—80 miles of the injection wells were also used. Wireline log results from CCS#2 and VW#2 and
core analyses from VW#2 were compared to data collected from CCS#1 and the ISGS database. The results show
good agreement with respect to porosity, permeability, lithology, thickness, and other geologic characteristics,
validating the local site geology and hydrogeology. Regarding the formations of interest, Table 3.4-1 details
information collected during the construction of the sites four deep wells.

The Mt. Simon Sandstone is the first formally recognized sedimentary unit overlying the Precambrian granitic
basement rock. Based on local site data, the formation tops at 5,537 ft and has an average thickness is 1,586 ft.
The depositional environment of the Mt. Simon has “commonly been interpreted to be a shallow, sub-tidal
marine environment,” based on surface study of the upper Mt. Simon or studies of Wisconsin or Ozark Dome
outcrops. However, based on core sample and log analysis from the site’s existing wells, and verified from pre-
injection testing on CCS#2 and VW#2, the upper Mt. Simon is interpreted to have been deposited “in a tidally
influenced system similar to the reservoirs used for natural gas storage in northern lllinois,” while the basal 600
ft (the target injection zone) represents an “arkosic sandstone that was originally deposited in a braided river-
alluvial fan system.” In this lower zone, “abundant amounts” of secondary porosity occur due to the dissolution
of feldspar grains. A sedimentary interval known as the “pre-Mt. Simon” is present at the base of the Mt. Simon,
bounded by a disconformity (between the Mt. Simon and the pre-Mt. Simon). The pre-Mt. Simon is lithologically
similar to the Mt. Simon but with significantly lower porosity and permeability than the overlying Mt. Simon
(Freiburg et. al., 2014).
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Directly overlying the Mt. Simon Sandstone is the Cambrian Eau Claire Formation. This formation tops at 5,027 ft
and has an average thickness of 511 ft. The Eau Claire consists of a basal shale layer overlain by very fine-
grained limestone interbedded with thin siltstone layers. The Eau Claire serves as a confining zone for gas
storage projects elsewhere in the lllinois Basin. Two other regional shale units are identified as secondary and
tertiary confining zones are the Ordovician Maquoketa Formation and the Devonian New Albany Shale,
respectively. Although these units protect the locally used sources of underground drinking water, they lie
above the designated lowermost USDW.

Only limited data and modeling results are available on ground water flow in the deep lllinois Basin, which is
based on modeling results from Gupta and Bair (1997). Flow patterns in the Mt. Simon are “influenced by the
geologic structure with flow away from arches such as the Kankakee Arch and toward the deeper parts of the
Illinois Basin.” In the model, an initial fluid pressure of 3,205 psi (at elevation -6,345 ft MSL), an initial
temperature of 1129F (at elevation - 5,365 ft MSL; gradient 12F/ft), and an initial salinity of 200,000 ppm were
used. MSL is defined as mean sea level. Like other areas with humid climates (Freeze and Cherry, 1979), the
water table in central lllinois is expected to reflect the elevation of the land surface. Steady-state ground water
flow modeling for the IBDP site indicates that shallow ground water flows toward the east and southeast toward
the Sangamon River and Lake Decatur. Figure 3.4-1 maps the observed head in the Mt Simon and details the
location of the proposed injection well.

The lowermost USDW is the Ordovician St. Peter Sandstone. This unit starts at 3,261 ft and has an average
thickness of 184 ft. Based on five years of data generated by the annual fluid sampling conducted at GM#2, the
TDS of the groundwater ranges between 9,000-10,000 mg/I. Because of the formation depth and high TDS, the St
Peter is not currently exploited as a local source of drinking water.
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Figure 3.4-1. Observed head in the Mt. Simon Sandstone. The red dot represents the location of the Decatur IL CO, storage
site (potentiometric surface = 76 m/249 ft above mean sea level).
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3.5 Geochemical Data and Compatibility of CO;

The Mt. Simon formation water is dominated by Na-Ca-Cl type chemistry and has total dissolved solids
(TDS) around 195 g/L (Labotka et al, 2015). Geochemical modeling was used to predict the effects of the
geochemical reactions of supercritical CO, with Mt. Simon Sandstone and the formation water (Berger
et al., 2009). It was predicted that illite and glauconite would dissolve initially, followed by precipitation
of kaolinite and smectite. The study concluded that the volume of pore space would not be significantly
altered (Berger et al., 2009) and no compatibility problems, such as a major reduction in injection-
formation permeability resulting from chemical precipitates, are expected.

Carroll et al. (2013) conducted a combined experimental and modeling study using Mt. Simon Sandstone
and Eau Claire Shale samples under CO; storage conditions. The study showed that dissolution of illitic
clays and K-feldspar, and precipitation of montmorillonite, amorphous silica, and kaolinite, are the major
reaction paths initiated by addition of CO,. Significant increase in Fe concentration was noticed after CO;
is introduced, with iron-bearing clays interpreted to be the source of Fe release. The authors suggest
that these reactions could alter reservoir and seal permeability by clogging pores and fracture networks.
However, the effects of dissolution and precipitation on petrophysics are two sided. Dissolution of the
iron clays could increase porosity and permeability locally and promote long-term mineral trapping of
CO; as Fe carbonates, while precipitation of Fe-carbonates, clays and hydroxides could reduce reservoir
and seal permeability by clogging pores and fracture networks.

A recent flow-through experiment study (D4vila, et al., 2020) using a Mt. Simon core sample from the
IBDP site coupled with reactive transport modeling also showed changes in flow properties induced by
mineral reactions. Rock-water reactions similar to those identified by Carroll, et.al, are documented,
including dissolution of K-feldspar, calcite, minor illite and pyrite combined with the precipitation of
montmorillonite, mesolite, muscovite, and alunite. Particularly, calcite dissolution at the inlet of the core
sample was clearly noted, leading to increased porosity at the inlet. However, overall permeability of the
across the core sample decreased at the end of the flow experiment.

Overall, these site-specific studies show similar geochemical reaction pathways to the previous studies
from other sedimentary reservoirs and seals. The effects on rock properties, though somewhat varied at
the core scale, do not show significant differences from previous studies. Therefore, because previous
and current (2020) studies are in general agreement, it is not expected that injection of CO; into the
proposed CCS#3 well would lead to drastic geochemical reactions within the reservoir and seal that
compromise injectivity and long-term security.
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3.6 Geomechanical and Petrophysical Information

3.6.1 Formation Pressure

Fluid sampling and testing were conducted in August 2015 in the VW#2, including in-situ
measurements of formation pressure and temperature, and the collection of eight fluid samples at
five depths. A temperature log was run in the CCS#2 in 2015. Formation pressure was 3,200 psi at
6,980 KB with a pressure gradient of 0.46 psi/ft. The pressure ranged from 2,626 psi at 5,848 KB to
3,211 psi at 7,041 KB. The formation pressure gradient for the CCS#3 was assumed to be the same
without additional data.

3.6.2 Rock Strength

The 1-dimensional (1D) mechanical earth model (MEM) uses log data, core data, pressure, and stress
measurements to construct a calibrated model of the rock properties and stresses at the wellbore
(Plumb, et al, 2000). With the abundance of data acquired for this project, the 1D MEM properties
were well constrained. Three wells; CCS#1, VM#1, VM#2 were evaluated using the 1D MEM workflow
(Lee et al., 2014). The average static Young’s Moduli in the Mt. Simon and Eau Claire are 4.5 and 5.0
MPsi based on log analysis. The average Poisson’s Ratios in these zones were 0.12 and 0.21,
respectively. Rock strength testing from laboratory analysis in the Eau Claire Shale from the CCS#1
recorded Unconfined Compressive Strength (UCS) values of 10,986 psi, an internal friction angle of
42.99, and cohesion of 2,395 psi. The Mt. Simon in the CCS#1 had Unconfined Compressive Strength
(UCS) values of 3,247 psi, an internal friction angle of 37.99, and cohesion of 793 psi.

3.6.3 In-Situ Stress

The in-situ stress field consists of three components: vertical, minimum horizontal, and maximum
horizontal. The overburden/vertical stress is determined by integrating the density of the rock with
depth. The horizontal stresses are estimated using the poro-elastic stress model which assumes that
the rocks are a semi-infinite poro-elastic medium subjected to overburden and horizontal strain
loadings (Higgins et al., 2008). The results are summarized in Table 3.6-1. The stress regime is strike-slip
(OHmax> Ov >Ohmin) With localized normal faulting (ov > GHmax> Ohmin) for intervals with relatively low
elastic moduli. This is consistent with earthquake source mechanisms in other parts of lllinois which
indicates dominate strike slip stress regime (Lahann et al., 2017). The maximum horizontal stress
direction is N68°E based on the drilling induced fractures and breakout orientation. This direction is
also consistent with the fast shear azimuth from the dipole shear log.
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Table 3.6-1. In-situ stress from 1D MEMs — CCS#1, VM#1, VM#2 (Lee et al., 2014)

3.6.4 Confining Zone Integrity

Caprock integrity was examined using the in-situ stress and rock mechanical properties from the 1D
MEMs for CCS#1, VM#1, and VM#2. The formation was assumed to be intact since no faults were
interpreted from 2D and 3D seismic data. Using the geomechanical properties as described above,
stress state in the Eau Claire Shale is below the Coulomb failure line both at the initial state and after
CO2 injection (Figure 3.6-1). The stress path moves toward the shear failure line after CO2 injection,
but the magnitude of stress change is small and the caprock is still within the stable region with
minimum risk of shear failure. A pore pressure increase of 650psi was assumed in this analysis, which
represents the highest pressure increase directly below Eau Claire Shale from reservoir simulation.
Poroelasticity was not accounted for in this analysis. Both assumptions make this analysis more
conservative for shear failure evaluation. No tensile failure is expected in the caprock as well due to
the high fracture gradient in Eau Claire Shale. A more detailed analysis on the caprock integrity can be
performed if small-scale fractures or faults below the current seismic resolution are identified in the
future.
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Figure 3.6-1. Stress state in the Eau Claire Shale is below the Coulomb failure line both at the initial state (black dots) and
after CO2 injection (grey dots). p’ — effective mean stress, q — deviatoric stress. Dark black line represents in failure line
using rock strength properties from core analysis in Eau Claire Shale as described in previous section. Two light-colored lines
represent failure lines using p10 and p90 rock strength values from log analysis. Poroelasticity was not accounted for, and
thus this represents a more conservative evaluation.

3.6.5 Fracture/Fault Stability Analysis

Clusters of microseismic events were observed in pre-Cambrian, Argenta and lowest units of the Mt.
Simon away from the wellbores during and after of the CCS#1 and CCS#2 injection periods. Based on
the working assumption that microseismic events are caused by incremental failure along pre-existing
critically stressed zones of weakness, a total of 12 zones of discontinuity were identified and modeled
as fault planes (Lee et al., 2014). These pre-existing weakness zones exist near or at their critical stress
rate, and a small variation in injection pressure can result in strain relief along these zones. The finite
element model (FEM) combines previous model properties to determine rock strain change with
associated change in pressure and generates synthetic microseismic events. These synthetic events
compared well with the measured microseismic events for both location and occurrence (Figure 3.6-2).
The use of seismic moment to estimate the length of seismogenic slip planes in the local subsurface
suggests that faults large enough to produce felt seismicity are unlikely to be present at or near the
Decatur site. (Williams-Stroud et.al., 2020).

Page 37 of 192



ADM - Decatur, IL
CCS3 Application
August 2022

Figure 3.6-2. Location of modelled microseismic events (yellow) and measured microseismic events (red). (Lee et al., 2014)
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3.7 Injection & confining zone mineralogy, petrology, and lithology

3.7.1 Mt Simon Sandstone

The Cambrian Mt. Simon Sandstone is a transgressive terrestrial to shallow marine sequence deposited
in the proto-lllinois and lllinois basins, and the Michigan and Appalachian basins (Kolata and Nelson,
1990). Depositional environments in the Mt. Simon are highly variable; the numerous interpretations
include shallow-marine, deltaic, fluvial, eolian, sabkha, and coastal (Driese et al., 1981; Hagadorn et al.,
2002; Fischietto, 2009; Bowen et al., 2011; Freiburg et al., 2014). At the storage site, the Mt Simon
Sandstone is over 457 m (1500 ft thick) and can be divided into an upper, middle, and lower unit. The
formation consists of well sorted, fine- to coarse-grained sandstone, poorly sorted conglomerates, and
minor siltstones and mudstones.

Stratigraphic and petrographic analysis of the whole cores and sidewall cores from three project wells,
CCS#1, VWH#1, and VW#2, provides detailed site-specific data (Leetaru & Freiburg, 2014; Freiburg et al.,
2014). The Lower Mt. Simon contains four major facies originating in various depositional
environments that include subaqueous coast, subaerial coast, lagoon, river, plain, and eolian plain
(Leetaru & Freiburg, 2014; Freiburg et al., 2016). Major lithologies include fine- to coarse-grained
sandstone and granule to pebble conglomerates that are interbedded with low- porosity and
permeability, siltstones and mudstones.

The Middle Mt Simon exhibits two distinct lithofacies. The lower facies is composed dominantly of
maroon to dark brown subarkose arenite and quartz arenite, interbedded with thin mudstones and
wackes (sandstones with clay matrix). This facies also contains planar to cross-bedded coarse-grained
poorly sorted sandstones and granule to pebble conglomerates with trace amounts of lithics and clay
minerals. The upper facies consists dominantly of quartz arenite and lesser amounts of quartz wacke
and occasional thin laminae of allogenic green clay. Hematite cements, in the form of Leisigang bands,
are common in both the top and bottom facies (Leetaru & Freiburg, 2014).

The upper Mt Simon Sandstone comprises two interbedded litho-facies (Leetaru & Freiburg, 2014). The
first facies is composed of mudstones and pink arkose wacke and subarkose arenites. Sandstones are
commonly well cemented with clay and authigenic feldspar. The second facies is comprised of tan to
white quartz arenites which are commonly mottled, homogenous, planar, or crossbedded.

XRD data show the predominate mineral phase in the Mt Simon sandstone is quartz, generally over
70%, followed by minor amounts of potassium feldspar (up to 20%) and clay (up to 15%), and small to
trace amounts of plagioclase, calcite, siderite, ankerite, dolomite, pyrite, barite, fluorapatite, and
hematite. (Freiburg et al., 2014). The most common clays within the Mt. Simon are illite and mixed
layered illite-smectite, with small fractions of chlorite and kaolinite (Freiburg et al., 2014). Clay occurs
as grain coatings on both quartz and feldspar grains, as pore filling and cement, and as bedded detrital
laminae. Iron oxides, primarily hematite and goethite, commonly occur as grain coats, Liesegang
bands, residues in stylolites, and at unconformity surfaces within the Mt. Simon (Bowen et al., 2011;
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Freiburg et al., 2014). Authigenic clays appear most commonly near weathered feldspar grains and
casts of dissolved feldspar grains, indicating that the feldspars may be one possible source of the
authigenic clays (Bowen et al., 2011).

The highest reservoir quality occurs in the unconsolidated to partially consolidated, coarser grained
guartz arenite and subarkosic sandstone in the Lower Mt. Simon, which exhibits preserved, excellent,
primary porosity. Porosity is further enhanced by secondary porosity derived from feldspar dissolution.
Some mineral grains are coated by thin layer of clay which prevents quartz overgrowths. Authigenic
quartz is the most common cement in the Mt. Simon and is the most significant factor of porosity
reduction, along with consolidation (Freiburg et al., 2014).

3.7.2 Eau Claire Shale

The primary seal for the Mt Simon carbon sequestration reservoir is the overlying Eau Claire formation
which is approximately 152 m (500 ft) thick at the storage site. Within the Eau Claire Formation is
deposited within a tidally influenced, shallow marine depositional environment with four major facies,
including (Unit A) intertidal mixed sand/mud flats and tidal channels of the foreshore environment;
(Unit B) subtidal deposits of the offshore transition zone; (Unit C) subtidal deposits of the upper
shoreface environment; and (Unit D) subtidal mixed carbonate/siliciclastic deposits (Palkovic, 2015). At
the proposed site, the lower part of the Eau Claire formation consists of gray to dark gray, highly
laminated, fissile shale to silty shale with abundant siltstone beds. The upper part consists of very fine-
grained dolomitic limestone interbedded with thin siltstone layers (Leetaru & Freiburg, 2014).

The mineralogy varies widely throughout the Eau Claire. Quartz, K-feldspar, and clays are the most
common minerals and comprises the majority of the mineral makeup for most lithologies. Small
amounts of plagioclase, calcite, siderite, ankerite, dolomite, and pyrite are commonly present
(Palkovic, 2015). The predominant clay minerals are mixed layered illite/smectitie, illite, with small
amounts of kaolinite and chlorite. Glauconite is also detected (Leetaru & Freiburg, 2014; Palkovic,
2015).

The mineral phases in the reservoir and seal are all common minerals found in sedimentary rocks.
Their reactivity with CO2-rich formation water has been extensively examined by rock-water-CO2
reaction experiments and geochemical simulation. Additionally, a number of field projects of large-
scale CO2 injection into sedimentary rock formations with similar mineral compositions have been
conducted during the last decades. Due to the relatively low mineral reaction kinetics, no drastic rock-
water-CO2 interactions which could pose threats to the viability of the injection projects have been
documented. Therefore, we do not expect compatibility issues with the mineral composition at the
proposed injection site.
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3.8 Seismic history, seismic sources, and seismic risk

While injection at CCS#1 from 2012-2014 was associated with clear induced microseismic activity, injection at
CCS#2 has not resulted in any increase in activity despite no significant change in the scale and quality of active
receiver networks used (Dando, et.al., 2021). Monitoring began 18 months prior to injection to record
background microseismicity, during this period only 8 local events were detected that were not associated with
anthropogenic activity. These eight events ranged in magnitude from -2.16 to -1.52 (Bauer, et.al., 2016).

During injection at CCS#1 from 2014-2017, an average of 4 microseismic events per day were detected for a
total of 4,747 events (Bauer, et.al., 2016). Induced microseismicity at CCS#1 started two months after injection
began, and by 6 months post injection the activity decreased from around 50-200 events per month to around
20 per month — see Figure 3.8-1(a). Ninety-four percent of the events were less than magnitude 0, and only two
events were above magnitude 1 at 1.07 and 1.17 (Bauer, et.al., 2016). Approximately half of the microseismic
events were in the Precambrian with the rest in the Mt. Simon and Argenta. Events were grouped into four
clusters that tended to follow a northeasterly trend or nearly the direction of Sumax. Microseismic events were
not considered large enough to endanger caprock integrity (Bauer, et.al., 2016).

Injection began at CCS#2 in April 2017, and through November 2019 there were only 220 microseismic events
located during the injection period, even though CO, was being injected at 1.7 times the CCS#1 injection rate
(Stanek, et.al., 2020) (Figure 3.8-1Figure 3.8-(a)). The reduction in event rate is credited with a shallower
injection interval depth, further from the crystalline Precambrian basement and the deepest Mt. Simon that
accommodated a significant portion of microseismic events during CCS#1 injection. Induced microseismicity
was not considered significant for CCS#2 because many of the injection events were in the same clusters as for
CCS#1, and the rate of events detected did not change from the period between CCS#1 and CCS#2 and after
injection began at CCS#2.

Figure 3.8-1 - Event count timeline (a) and magnitude histogram (b) of all events (Stanek, et.al., 2020; Dando, et.al., 2021). From the
timeline, the events (mainly occurring in the Precambrian basement) dropped off significantly after injection ceased at CCS#1. The
number of events did not noticeably increase with the commencement of injection at CCS#2.
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Figure 3.8-2 shows the microseismic events recorded at the IDBP site through June 2018. The events tend to lie
in well-defined clusters, and the moment magnitudes for these events are all below the threshold where an
event can be felt at the surface. The cross section shown in Figure 3.8-3 shows all recorded events and well
locations along a direction perpendicular to Sumax. The events fall almost exclusively in the Precambrian
basement, with some events also occurring in the lower Mt. Simon and Argenta formations.

Figure 3.8-2 - Locations of 5037 microseismic events recorded during injection period of CCS#1 and CCS#2 (December 2011 — June 2018).
The events are colored by Moment Magnitude. The blue line represents the position of the cross section in Figure 3.8-3.
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Figure 3.8-3 — Cross section with all wells and microseismic events projected to the plane (shown in blue in Figure 3.8-2). Note most of
the events are in the Precambrian basement.
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3.9 Air and Soil Gas Monitoring

At the Decatur CCS site, CO; air monitoring is conducted at any well that penetrates the Eu Claire seal formation.
Currently CCS#1, CCS#2, VW#1, and VW#2, have CO2 air monitoring at the well site. CO2 air monitoring will be
conducted at CCS#3 and VW#3. Because there are no other wells within the AoR that penetrate the injection
zone seal formation, no additional air monitoring is planned.

Soil gas and flux monitoring networks were initiated for the Decatur CCS project site in 2009 for the IBDP Project
(CCS#1) and 2012 for the IL-ICCS Project (CCS#2). The soil flux monitoring network consisted of approximately 70
soil flux collars installed within the project area and were co-located with approximately 50 soil gas nests.
Monitoring of these networks continued through 2015 collecting about six years of background and operational
data (during CCS#1 injection period 2011-2014).

Soil CO2 flux was measured on a monthly basis. Soil gas was sampled on a quarterly basis and analyzed using
gas chromatography for CO2, N2, 02 and light hydrocarbons (C1 to C6). In addition, selected samples were be
analyzed for isotope composition 613C, 6180 and radiocarbon (A14C) of CO2 to help determine the source of
CO2 in the soil. In addition, background concentrations were measured to determine statistical variations of
CO2 with respect to sample temperature, seasonal variations, diurnal variations and other factors. Soil gas
samples were initially collected on a monthly basis and were reduced to quarterly after sufficient baseline
information was collected to characterize the seasonal variability in gas composition and isotopic signatures. All
analytical results have been archived and are available to the USEPA upon request.

Because sufficient baseline and operational data has been generated for the Decatur CCS Site and no statistical
changes were observed during the injection period for CCS#1 and the pre-injection period for CCS#2, no further
soil gas or flux monitoring is planned at this time.
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3.10 Facies changes in the injection or confining zone

When the reservoir simulations began in 2008, there were challenges with history matching between the
observed data and the simulation results. The history matching helped refine the geomodel by using the
discrepancies between the observed and the simulated CO2 migration to highlight regions of the geomodel that
required modification. These model modifications were changes to structure and property distribution (porosity
and permeability) that were not clear or had been uncertain earlier.

In the 2018 model update, adding baffle facies layers became necessary for history matching. These baffle facies
are areas of relatively lower porosity and relatively lower permeability barriers, which were interpreted layers
within the Mt. Simon Formation. When the reservoir simulations were run, the baffle layers were used as
discontinuous barriers to CO2 and pressure migration. On the well logs, these baffles have been interpreted to
occur in intervals where the porosity and permeability are low. From this log interpretation, the baffles were not
always continuous between wells (dark green baffles with yellow reservoir on track 6 of Figure 3.10-1). Some
baffles could be correlated from well to well and some could not. The justification for adding these baffle facies
into the model was as follows:

e The first recognized influence of layered baffles was the pressure reactions at VW#1 during the CCS#1
injection, with the highest formation pressure increases of about 5.1% in the lowest three gauges, highs
of only about 1.7% increase in gauge 4, and less formation pressure increases in higher gauges. Also, CO2
was detected in VW#1 at Zone 3 and lower but not at Zone 4 and higher.

e When CCS#2 injection began in the lowest perforation, a higher-pressure response occurred at the CCS#1
injection interval than was modeled. This indicates there may be a preferential pathway from CCS#2 to
CCS#1; however, such a high-pressure response at VW#1 compared to the previous modeled response
did not occur, suggesting a different degree of connection between CCS#2 to CCS#1 and CCS#2 to VW#1.
A directional preferential pathway was seen by CCS#2 pressure response first arriving at VW#1 far before
VW#2 which is closer to CCS#2.

e The pressure response at VW#2 (Zone 2) indicated that reservoir interval including VW#2 (Zone 2) and
CCS#2 might be locally confined by the low-permeability baffles.

e Although the Mt. Simon A-Lower was believed to be undifferentiated, repeat pulsed neutron logs at VW#1
show that high-permeability sand packages and interlayered low-porosity and low-permeability layers
(baffles) strongly control vertical CO2 plume geometry at distance from the injector.

e These observed preferential pathways/flow barriers suggested that strong heterogeneity (porosity and
permeability) exists in the reservoir. Adding the baffle facies allowed for better history matching results
in all the simulation scenarios.
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Figure 3.10-1. Petrophysics, completions, and baffle facies interpretation on low-porosity and low-permeability layers.
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3.11 Injection zone storage capacity
For the injection scenarios lateral extent of plume is mapped and area of plume calculated at year 2038 (end of
injection) and fifty year after injection stops in year 2088. Figure 3.11-1 show the plume for each case

superimposed on satellite image.

Figure 3.11-1. 40Mt injection. Image on the left represents the plume extent at the end of injection in year 2038.
Image on the right represents the plume extent in year 2088. Plume covers an area of 2.95 and 3.45 square mile
respectively.

The targeted injection zone is a vertical interval of 195 ft mainly within the Mt. Simon reservoir’s A Upper Unit
(See Figure 3.11-2). The injection zone has an effective porosity of approximately 0.15 ft3/ft* (15%). During the
injection period 40 million metric ton of CO, will be stored in this formation. The horizontal spacial extent of the
plume is approximately 118.2 million ft?. Based on the projected average reservoir pressure and temperature of
3,800 psia and 120°F respectively, the CO; has a specific volume of 0.0189 ft3/Ib. Ignoring solubilization of CO; in
the brine, the injected free phase CO, will have a bulk volume of approximately 1.7 million ft>. Multiplying the
effective porosity by the injection interval and spacial extent of the plume, the reservoir has a pore space
volume of approximately 3.46 Million ft>. Therefore approximately 48% of the available pore space is being
used by the CO,. When considering the Mt Simon Sandstone as a complete storage unit and fully utilizing this
unit for injection. Figure 3.11-3 shows that the reservoir is 1,490 ft in thickness and has an average porosity of
12.9%. The capacity of the formation within the spacial extent of the plume is approximately 22.8 million ft3.
Therefore, the proposed injection volume would use approximately 7.3% of the available pore space.
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Figure 3.11-2: Injection well completion diagram showing the model’s effective porosity and permeability.
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Figure 3.11-3: Reproduced layers of the geologic model and average porosity/permeability values, as identified
by ADM based on log analysis, along with the approximate screened intervals of CCS #1 and CCS #2.
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3.12 Confining zone integrity

The median porosity of the Eau Claire Formation is 4.7%, based on information from an ISGS database of UIC
well core samples. Pre-injection testing in CCS#2 and VW#2 indicated very small pore sizes based on CMR data,
resulting in generally very low permeability. During pre-operational testing, ADM collected 33 horizontal and 3
vertical whole core samples, and 2 rotary sidewall core samples, all from VW#2. Three hundred fifty-one (351)
core plugs were drilled from the whole core collected from VW#2 and were suitable for routine core property
measurements. The rock properties derived from these samples were primarily used to validate and calibrate
the ELAN petrophysical model based on well logs. While no core samples were taken from the shale zone of the
Eau Claire A at VW#2, 36 plugs of the upper interval Eau Claire C (very fine sandstone, microcrystalline
limestone, and siltstone) were available for testing. Of the plugs tested for vertical permeability, the average
permeability was 0.036 mD. While no core samples were taken from the shale zone of the Eau Claire A at CCS#1,
12 plugs of the lower portion of the upper interval Eau Claire B/C (very fine sandstone, microcrystalline
limestone, and siltstone) were available for testing. Average horizontal permeability for these sidewall rotary
core samples was determined to be 0.000344 mD. However, the vertical permeability of the actual shale interval
is expected to be much lower because vertical permeability of plugs “is generally lower than horizontal
permeability and shale permeability is generally much lower than sandstone, limestone, and siltstone.” Based on
the analysis of log results from CCS#1 and confirmed by well logs in CCS#2, the Eau Claire, extending from the
top of the Mt. Simon to -4,545 ft MSL (-5,227 ft KB), is described as having “only a few small intervals of less
than a few feet that have any permeability greater than 0.1 mD,” which do not appear to be continuous.

ADM also cited a median permeability value of 0.000026 mD from the ISGS UIC core database. In addition, based
on a set of core samples from a site approximately 80 miles to the north of the proposed Class VI location, of the
110 analyses conducted, most were in the range of < 0.001 to 0.001 mD, with five in the range of 0.100 to 0.871
mD (the maximum value in the data set). This indicates that even the more permeable beds in the Eau Claire
Formation are expected to be relatively tight and tend to act as sealing lithologies.

A “mini-frac” field test was used to determine in-situ fracture pressure in the confining zone. Fracture pressure
results (from four short-term injection/fall-off test periods, 15 to 60 minutes each) ranged from 5,078 to 5,324
psig, corresponding to a fracture gradient ranging from 0.93 to 0.98 psi/ft in the Eau Claire shale zone which
significantly greater than the fracture gradient of 0.715 psi/ft in Mt Simon. As maximum injection pressure is
limited at 90% of the fracture pressure gradient at Mt Simon formation, Eau Claire will not be exposed to
pressures which could create induced fractures.
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4. Area of Review (AoR) Delineation and Corrective Action Plan

4.1 Conceptual site model

The Midwest Geological Sequestration Consortium’s (MGSC) lllinois Basin-Decatur Project (IBDP) started
injecting CO2 through CCS#1 injector well at the bottom section of Mt. Simon sandstone formation in November
2011. In November 2014, IBDP reached its goal of injecting one million metric of CO,. The lllinois Industrial
Carbon Capture and Storage (ICCS), led by ADM, expanded the site’s CO; injection and storage capability with
the objective to inject up to one million metric tons per year through CCS#2 injector well.

During the course of both projects, an extensive data set established through various monitoring activities. The
data obtained includes but not exclusive of injector’s bottomhole pressure (BHP), multi-zone pressure data from
in-zone verification wells VW#1 and VW#2, spinner data, i.e. injection profile logs and reservoir saturation tools
(RST) from both injectors. These datasets allowed calibration of various reservoir parameters including intrinsic
permeabilities, relative permeabilities, wellbore skin values, vertical to horizontal permeability ratios, and rock
compressibility. These calibrations allow the model to be updated periodically to improve the accuracy between
the model predictions versus the actual result.

The previous studies compiled by Zaluski & Lee (2018, 2020) describes the steps taken to create the history
matched (calibrated) model. The calibrated model includes the injection data acquired until June 2021. The
dynamic model includes the entire Mt. Simon and the overlying seal (the Eau Claire), spanning a 40 x 40 mile
area. The final reservoir model was represented by a 247 x 247 x 110 grid in a Cartesian system with 247 grid
points in the x-direction, 247 grid points in the y- direction, and 110 grid points in the z-direction, for a total of
6,710,990 grid points.

Description of Software

ECLIPSE 300 is a compositional finite-difference solver that is commonly used to simulate hydrocarbon
production and has various other applications including carbon capture and storage modeling. The CO2STORE
module accounts for the thermodynamic interactions between three phases: an H20-rich phase (i.e., ‘liquid’), a
CO2-rich phase (i.e., ‘gas’), and a solid phase, which is limited to several common salt compounds (e.g. NaCl,
CaCl2, and CaCO03). Mutual solubilities and physical properties (e.g. density, viscosity, enthalpy, etc.) of the H20
and CO2 phases are calculated to match experimental results through a range of typical storage reservoir
conditions, including temperature ranges between 12°C-100°C and pressures up to 60 MPa. Details of this
method can be found in Spycher & Pruess (2005). Additional assumptions governing the phase interactions
throughout the simulations are as follows:

*The salt components may exist in both the liquid and solid phases.

eThe CO2-rich phase (i.e., ‘gas’) density is obtained by using the Redlich-Kwong equation of state. The
model was accurately tuned and modified as further described below (Redlich and Kwong, 1949).

*The brine density is first approximated as pure water then corrected for salt and CO; concentration by
using Ezrokhi’s method (Zaytsev & Aseyev, 1992).
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*The CO2 gas viscosity is calculated per the methods described by Vesovic et al. (1990) and Fenghour et
al. (1998).

The gas density was obtained using a modified Redlich-Kwong equation of state following a method developed
by Spycher and Pruess (2005, 2009), where the attraction parameter is made temperature dependent.

The transition between liquid CO, and gaseous CO; can lead to rapid density changes of the gas phase; the
simulator uses a narrow transition interval between the liquid and gaseous density to represent the two phase
CO2 region.

Because the compression facility controls the CO; delivery temperature to the injection well between 80°F and
120°F, the temperature of the injectate will be comparable to the reservoir formation temperature within the
injection interval. Therefore, the simulations were carried out based on isothermal operating conditions. With
respect to time step selection, the software algorithm optimizes the time step duration based on specific
convergence criteria designed to minimize numerical artifacts. For these simulations, time step size ranged from
8.64x101 to 8.64x105 seconds or 0.001 to 10 days. In all cases, the maximum solution change over a time step is
monitored and compared with the specified target. Convergence is achieved once the model reaches the
maximum tolerance where small changes of temperature and pressure calculation results occur on successive
iterations. New time steps are chosen so that the predicted solution change is less than a specified target.

Field Development Plan

In this study, the calibrated model was used to evaluate a new development strategy that comprises of
reactivating CCS#1 injector and drilling a new injector well CCS#3.

During its operational period, CCS#1 injector injected over 55 ft. interval at the bottom of Mt. Simon formation
in the interval identified as Mt. Simon A-lower. CCS#2 is currently injecting in the interval identified as Mt Simon
A-upper and Mt. Simon B which overlay the Mt. Simon A-lower. The development strategy evaluated in this
study comprises of re-completing CCS#1 in Mt. Simon A-upper and Mt. Simon B, continuing injection in CCS#2
through its existing completions and targeting Mt. Simon A-upper and Mt. Simon with the new CCS#3 injector
well. The location of CCS#3 was determined by ADM can be seen in the Figure 4.1-1.
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Figure 4.1-1. Injector and Verification well locations. CCS#3 is the planned location for the new injector. All other represents

the actual locations.

Injection interval of each well can be seen in Figure 4.1-2. All the new proposed injection intervals in CCS#1 and
CCS#3 remains deeper than the CCS#2 injection interval. This in return do not alter the upper most perforated
interval depth and hence the critical pressure used to define pressure driven Area of Review (AoR). Therefore,
the threshold pressure which was used for CCS#2 permitting is still valid for AoR identification and will be
further explained in Section 4.2.
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Figure 4.1-2. Existing and proposed injection interval. The perforations in the bottom part of CCS#1 were used as part of
IBDP project. The proposed perforations are located in Mt. Simon A Upper zone and shallower compared to the
perforations that exist in CC#2 injectors. Similarly, the proposed CCS#3 injector has perforated intervals in Mt. Simon A
Upper and Mt Simon B zones deeper compared to the perforations at CCS#2 injector.

Simulation Results

In the simulation, the primary constraint on maximum injection rate is defined by the maximum allowable
injection pressure. A step rate test at CCS#1, in the interval of -7,025 ft KB to -7,050 ft KB was conducted to
estimate the fracture pressure of the injection zone. The result from the uppermost perforation of CCS#1 (-7,025
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ft KB) was 5,024 psig, corresponding to a fracture gradient of 0.715 psi/ft. 90% of the fracturing pressure was
calculated at the top of the shallowest perforated interval and used in the simulations as the maximum
allowable injection pressure. The second parameter that constraints the injection is the maximum injection rate
allowed for each well and scenario. The final constraint is applied at the field level. Each scenario has a target
field injection rate over the injection period. For second and third cases the target field injection rate is smaller
than the sum of the maximum allowed injection rate defined at well level. This configuration allows wells to
compensate for each other within the allowable rate and pressure constraints.

As can be seen in Figure 4.1-3, in bottomhole pressure and injection rate plots all three wells can inject the
target injection rate without reaching maximum allowable injection pressure. The cumulative injection for
CCS#1, CCS#2 and CCS#3 are 10.1, 16.4 and 14.3 million tonnes, respectively.
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Figure 4.1-3. Injector bottomhole pressure for 40 Million ton injection scenario.

References

Zaluski & Lee. (2018). IBDP/ICCS Static Geological Model Development and Dynamic Modelling Updates,
Schlumberger

Zaluski & Lee. (2020). IBDP Final Static Geological Model Development and Dynamic Modelling, Schlumberger

Spycher, N. and Pruess, K. (2005). “C0O2-H20 mixtures in the geological sequestration of CO2.1l. Partitioning in
chloride brines at 12-100 C and up to 600 bar,” Geochimica et Cosmochimica Act, 69, No. 13, 3309-3320

Spycher, N. and Pruess, K. (2009). “A Phase-Partitioning Model for CO2-Brine Mixtures at Elevated Temperatures
and Pressures: Application to CO2-Enhanced Geothermal Systems,” Transport Porous Media, 82, No. 1,
173-196.

Page 60 of 192



ADM - Decatur, IL
CCS3 Application
August 2022

Zaytsev, |.D. and Aseyev, G.G. (1992). Properties of Aqueous Solutions of Electrolytes. Boca Raton, Florida, USA
CRC Press.

Vesovic, V., Wakeham, W. A,, Olchowy, G.A,, Sengers, J.V., Watson, J.T.R. and Millat, J. (1990). “The Transport
Properties of Carbon Dioxide,” Journal of Physical and Chemical Reference Data. 19, No.3, 763.

Fenghour, A., Wakeham, W.A., and Vesovic, V. (1998). “The Viscosity of Carbon Dioxide,” Journal of Physical and
Chemical Reference Data. 27, No.1, 31-44.

Page 61 of 192



ADM - Decatur, IL
CCS3 Application
August 2022

4.2 Computational AoR delineation model

4.2.1 Pressure Delineation Model

To delineate the pressure front, the minimum or critical pressure (Pi,f) necessary to reverse flow direction
between the lowermost USDW and the injection zone—and thus cause fluid flow from the injection zone into
the formation matrix—must be calculated.

Based on the Method 1 provided in the May 2013 UIC Program Class VI Well Area of Review and Evaluation and
Corrective Action Guidance document, the increase in pressure that may be sustained in the injection zone is
given by:

Pi = is the initial pressure in the injection zone,

Pu = initial pressure of the lowermost USDW,

pi = fluid density of the injection zone,

pu = fluid density of the lowermost USDW, g = acceleration due to gravity,
zu = elevation of the lowermost USDW and

zi = elevation of the injection zone.

The values that were used in the calculations can be found in the Table 4.2-1. The pressure of USDW in St Peter
formation obtained from ground water monitoring well GM#2 downhole pressure gauge. Zone two downhole
pressure gauge at VW#2 was used to determine Mt Simon reservoir pressure. Water densities in Mt Simon and
St Peter was obtained from ground water samples from VW#2 and GM#2 respectively. Formation depths are
taken at CCS#2 injector as the shallowest injection interval is located in this well.
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Description (units) CCS#2

Pressure in the St Peter USDW (Pa)

St Peter Fluid head (m)

St Peter Level of Fluid (m)

Pressure in the Mt Simon (Pa)

Mt Simon Fluid head (m)

Mt Simon Level of Fluid (m)

Pibrine

Mt Simon brine density (kg/m3)

pu water

St Peter water density (kg/m3)

gravity (m/s2)

St Peter Depth (ft)

St Peter Depth (m)

Mt Simon Reference Depth (ft)

Mt Simon Reference Depth (m)

Table 4.2-1. Parameter space and values that were used to calculate critical pressure which is used to identify pressure

induced Area of Review, per May 2013 UIC Program Class VI Well Area of Review and Evaluation and Corrective Action

Guidance document.

The corresponding Pi,f value is calculated as negative 28.2 psi and indicates that Mt Simon is over pressured

with respect to St Peter formation which is the deepest USDW in the region. Therefore, as suggested in the

guidance document, Method 2 was used to estimate pressure front based on the displacing fluid initially present

in the borehole, assuming (1) hydrostatic conditions and (2) initially linearly varying densities in the borehole

and constant density once the injection zone fluid is lifted to the top of the borehole (i.e., uniform density

approach). The threshold pressure increase (APc) may be calculated by:

Where £ is a linear coefficient defined by;
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The corresponding critical pressure value calculated to be 90.4 psi. As suggested in the UIC Program Class VI
Well Area of Review and Evaluation and Corrective Action Guidance document, some over-pressurization within
the injection zone may be allowable without causing sustained fluid leakage, owing to the density differential
between the injection zone and USDW. If the value of APc using Method 2 is greater than the absolute value of
APi,f using Method 1, the difference in magnitude between the two is used as an estimate of the allowable
pressure increase. Hence, using this approach allows 62.2 psi pressure increase in the injection interval and
anything more should be within the area of review.

4.2.2 Reservoir Modeling Results

The 62.2 psi pressure front was extracted from the simulation results for the three volumetric sensitivity cases
discussed further in Section 4.2.3. Simulation results evaluated on yearly basis during the injection period until
the year 2038 and every 5 years thereafter. In 40Mt, in 2043, 62.2 psi pressure front reaches its maximum
extend. In Below, in Figure 4.2.2-1, maximum extent of the 62.2 psi pressure front can be seen in teal with a
radius of 8.1 miles.

Figure 4.2.2-1. Maximum extent of the 62.2 psi pressure front for 40 Mt injection scenarios with a radius of 8.1 miles. 40 Mt
injection is the planned injection scenario.
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4.2.3 Sensitivity Discussion

To determine the sensitivity of model projections to input parameters, an analysis was conducted to estimate
plume size as a function of total injected volume. Figures 1 through 3 present modeled CO, plumes corresponding
to total injected volumes of 40, 50 and 60 million tons during the projected operational lifetime. As summarized
in Table 2, a 50% increase in injected volume results in about a 15 to 20% increase in equivalent plume radius.

Figure 4.2.3-1. Case 1 — 40Mt injection. Image on the left represents the plume extent at the end of injection in year 2038.
Image on the right represents the plume extent in year 2088. Plume covers an area of 2.95 and 3.45 square mile
respectively.
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Figure 4.2.3-2. Case 2 — 50Mt injection. Image on the left represents the plume extent at the end of injection in year 2038.
Image on the right represents the plume extent in year 2088. Plume covers an area of 4.30 and 4.83 square mile
respectively.

Figure 4.2.3-3. Case 3 — 60Mt injection. Image on the left represents the plume extent at the end of injection in year 2038.
Image on the right represents the plume extent in year 2088. Plume covers an area of 4.35 and 4.96 square mile
respectively.
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Plume Area (mi2)

Year

40Mt 50Mt 60Mt
2037 4.20 4.81 5.44
2088 4.57 5.25 6.01

Table 4.2.3-1. Plume Area

Equivalent Circle Radius (mi)

Year

40Mt 50Mt 60Mt
2038 1.16 1.24 1.32
2088 1.21 1.29 1.38

Table 4.2.3-2. Equivalent Plume Radius

Predicted pressure-rise demonstrates similar sensitivity to injected volume. In 40Mt and 50Mt injection cases, in
2043, 62.2 psi pressure front reaches its maximum extend. In 60Mt injection case pressure front reaches its
maximum extent in 2048; 10 years after injection ceases in 2038. Figure 4.3.2-4 presents the 62.2-psi AoR
boundaries for the same 3 cases of projected rate. As shown, a 50% increase in injected volume will extend the
AoR radius by approximately 20%. Post-injection pressure behavior is similar for all rate assumptions, with the
cone of influence predicted for each of the 3 sensitivity cases reducing to less than 1% of its maximum size over a

50-year post-injection timeframe.
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Figure 4.2.3-4: AoR Boundary vs Total Injected Volume

In addition, variations in primary reservoir parameters (permeability and thickness) have similar impacts on
projected plume behavior as changes in rate. Based on supplementary modeling, increasing the thickness by a
factor of 50% reduces plume radius by approximately 20% while permeability has a much smaller effect.

Relatively large changes to major model input parameters result in limited changes to predications. In fact, the
level of characterization for the site and for the probable injection rates/volumes is more accurate than these very
generalized sensitivity examples that have been presented for illustration purposes. The proposed testing and
monitoring program will allow for comparison and tracking of plume and pressure development throughout the
life of the project.
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Maximum Allowable Bottomhole Pressure — 50 Million Tonnes Scenario

All three wells can inject the target field injection rate without reaching the maximum allowed bottomhole
pressure. As can be seen in the injection rate plot, CCS#1 and CCS#3 - being two edge wells —inject at
maximum allowable rate as CCS#2 being in between the two wells gets impacted by the pressure interference.
In this case, the cumulative injection for CCS#1, CCS#2 and CCS#3 are 19.1, 12.1 and 18.8 million tonnes,
respectively.
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Figure 4.2.3-5. Injector bottomhole pressure and injection rate profiles for 50 Million ton injection scenario.

Maximum Allowable Bottomhole Pressure — 60 Million Tonnes Scenario

All injectors behave in similar manner as in 50 million tons scenario. All three wells can inject the target field
injection rate without reaching the maximum allowed bottomhole pressure. As can be seen in the injection
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rate plot, CCS#1 and CCS#3 inject at maximum allowable rate and CCS#2 injects the remaining required rate to
achieve field target injection rate. In this case, the cumulative injection for CCS#1, CCS#2 and CCS#3 are 21.4,
17.5 and 21.1 million tonnes, respectively.

Figure 4.2.3-6. Injector bottomhole pressure and injection rate profiles for 60 Million ton injection scenario.
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The table below summarizes the injection rate, simulated maximum injection pressure, maximum allowable

pressure for each well and each case.

Max Simulated Pressure, psi Max Allowed
Case 1 Case 2 Case 3 Injection Pressure
CCS1 3,880 4,140 4,270 4,527
CCS2 4,065 4,065 4,320 4,389
CCS3 3,915 4,110 4,300 4,367

Table 4.2.3-3. Maximum simulated bottomhole injection pressures for each well and scenario and maximum

allowed bottomhole pressures for each well.
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4.3 Artificial penetrations within the AoR
The AOR is presented in Figures B.1 and B.2 in Appendix B and was calculated based on CCS#1, CCS#2

those associated with the lllinois Basin Decatur Project (IBDP) and lllinois Industrial Carbon Capture and
Storage (IL-ICCS) projects, as described below], no wells were identified from public records that
penetrate the confining zone within the AoR.

4.3.1 Tabulation of Wells within the AoR
Wells within the AoR

The only known wells within the AoR which currently penetrate the caprock (Eau Claire Formation) are
wells associated with the IBDP and IL-ICCS projects:

. The IBDP injection well, CCS#1 (which is currently permitted as a Class VI well in its post-
injection phase and will be used as a monitoring well during the IL-ICCS project).

. The IBDP verification well, VW#1 (which will continue to be used as a monitoring well during
the IL-ICCS project).

. The IL-ICCS injection well, CCS#2.

. The IL-ICCS verification well, VW#2.

Tables B.1 and B.2 in Appendix B present a tabulation of publicly available data for oil and gas and water
wells within the AoR, respectively. Figures 1 and 2 in Appendix B present the location of oil and gas and
water wells within the AoR, respectively. Available records for each well without a listed total depth were
evaluated. Based on the information gathered which indicates none of the oil/gas or water wells with
available data penetrate the confining zone, it is assumed that wells without a listed total depth are

There are ten oil and gas wells located within approximately 2.4 km (1.5 miles) of the CCS well location.
The closest well to CCS is located in the northeast quarter of Section 5, T16N, R3E (APl number
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121150061800), was drilled as a gas well in 1933, and was -27 m (-88 ft KB) deep. There is no publicly
available plugging and abandonment record for this well, but it was likely collecting naturally occurring
methane from the Quaternary sediments. The other 9 wells are located in Section 5, T16N, R3E or Section
28 and Section 29, T17N, R3E. The deepest of these oil wells is APl number 121152369400, located in
the northeast quarter of Section 34. This well was drilled into the Ordovician and was -905 m KB (-2,970
ft KB) deep. In summary, ten oil and gas wells occur within 1.5 miles of the CCS#3 well location, but none
penetrate the confining zone.

Wells Penetrating the Confining Zone

With the exception of the injection and verification wells previously detailed, there are no known wells
within the area of review that penetrate deeper than -1,049 m KB (-3,440 ft KB). The depth to the top of
the upper confining zone (Eau Claire Formation) at CCS#1 is -1,538 m KB (-5,047 ft KB), and a similar
depth is expected at CCS#3. Therefore, there are only four known wells that currently penetrate into the
uppermost confining zone within the AOR: the IBDP wells CCS#1 and VW#1, and the IL-ICCS wells CCS#2
and VW#2.

If any of these wells are taken out of service during the life of the project, ADM will provide information
to EPA to confirm that they have been properly plugged to ensure USDW protection pursuant to
requirements at 40 CFR Part 146. If any additional wells that penetrate the confining zone are identified
(e.g., if the AoR is re-delineated to cover a larger area as the result of an AoR reevaluation), ADM will
complete corrective action as needed pursuant to 40 CFR 146.84(d).

4.3.2 Plan for Site Access
This is not applicable because no corrective action is required at this time.

4.3.3 Justification of Phased Corrective Action
This is not applicable because no corrective action is required at this time.
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4.4 AoR and Corrective Action Plan
ADM will take the following steps to evaluate project data and, if necessary, reevaluate the AoR. AoR
reevaluations will be performed during the injection and post-injection phases. ADM will:

1.

Review available monitoring data and compare it to the model predictions. ADM will analyze
monitoring and operational data from the injection well (CCS#2), proposed injection well (CCS
#3), the monitoring and geophysical wells, other surrounding wells, and other sources to assess
whether the predicted CO, plume migration is consistent with actual data. Monitoring activities
to be conducted are described in the Testing and Monitoring Plan (Section 9 of this permit
application) and the PISC and Closure Plan (Section 11 of this permit application). Specific steps
of this review include:

a. Reviewing available data on the position of the CO, plume and pressure front (including
pressure and temperature monitoring data and RST saturation and seismic survey data).
Specific activities will include:

i. Correlating data from time-lapse RST logs, time-lapse VSP surveys, and other
seismic methods (e.g., 3D surveys) to locate and track the movement of the CO;
plume. A good correlation between the data sets will provide strong evidence in
validating the model’s ability to represent the storage system. Also, 2D and 3D
seismic surveys will be employed to determine the plume location as described in
the Testing and Monitoring Plan and/or the PISC and Site Closure Plan (as
applicable).

ii. Reviewing downhole reservoir pressure data collected from various locations and
intervals using a combination of surface and downhole pressure gauges.

b. Reviewing ground water chemistry monitoring data taken in the shallow (i.e., in
Quaternary and/or Pennsylvanian strata) monitoring wells, the St. Peter, and the Ironton-
Galesville to verifying that there is no evidence of excursion of carbon dioxide or brines
that represent an endangerment to any USDWs.

c. Reviewing operating data, e.g., on injection rates and pressures, and verifying that it is
consistent with the inputs used in the most recent modeling effort.

d. Reviewing any geologic data acquired since the last modeling effort, e.g., additional site
characterization performed, updates of petrophysical properties from core analysis, etc.
Identifying whether any new data materially differ from modeling inputs/assumptions.
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2. Compare the results of computational modeling used for AoR delineation to monitoring data
collected. Monitoring data will be used to show that the computational model accurately
represents the storage site and can be used as a proxy to determine the plume’s properties and
size. ADM will demonstrate this degree of accuracy by comparing monitoring data against the
model’s predicted properties (i.e., plume location, rate of movement, and pressure decay).
Statistical methods will be employed to correlate the data and confirm the model’s ability to
accurately represent the storage site.

3. If the information reviewed is consistent with, or is unchanged from, the most recent modeling
assumptions or confirms modeled predictions about the maximum extent of plume and pressure
front movement, ADM will prepare a report demonstrating that, based on the monitoring and
operating data, no reevaluation of the AoR is needed. The report will include the data and results
demonstrating that no changes are necessary.

4. If material changes have occurred (e.g., in the behavior of the plume and pressure front,
operations, or site conditions) such that the actual plume or pressure front may extend beyond
the modeled plume and pressure front, ADM will re-delineate the AoR. The following steps will
be taken:

a. Revising the site conceptual model based on new site characterization, operational, or
monitoring data.

b. Calibrating the model in order to minimize the differences between monitoring data and
model simulations.

c. Performing the AoR delineation as described the Computational Modeling Section of this
AoR and Corrective Action Plan.

5. Review wells in any newly identified areas of the AoR and apply corrective action to deficient
wells. Specific steps include:

a. ldentifying any new wells within the AoR that penetrate the confining zone and provide a
description of each well’s type, construction, date drilled, location, depth, record of
plugging and/or completion.

b. Determining which abandoned wells in the newly delineated AoR have been plugged in a
manner that prevents the movement of carbon dioxide or other fluids that may endanger
USDWs.
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c. Performing corrective action on all deficient wells in the AoR using methods designed to
prevent the movement of fluid into or between USDWs, including the use of materials
compatible with carbon dioxide.

6. Prepare a report documenting the AoR reevaluation process, data evaluated, any corrective
actions determined to be necessary, and the status of corrective action or a schedule for any
corrective actions to be performed. The report will be submitted to EPA within one year of the
reevaluation. The report will include maps that highlight similarities and differences in
comparison with previous AoR delineations.

7. Update the AoR and Corrective Action Plan to reflect the revised AoR, along with other related
project plans, as needed.

4.4.1 AoR Reevaluation Cycle
ADM will reevaluate the above described AoR every five years during the injection and post-injection
phases.

In addition, monitoring and operational data will be reviewed periodically (likely annually) by ADM
during the injection and post-injection phases. Given inconclusive results in the CCS#2 step-rate test,
ADM will modify their monitoring and reporting schedule to collect and review data more regularly
during the first six months of the injection phase. Specifically, pressure and seismic results will be
reviewed on a monthly basis to identify any deviations from expected conditions (see Section 3 of this
permit application for more detail). The reservoir flow model will be history matched against the
observed parameters measured at the monitoring wells. Pressure will be monitored as described in the
Testing and Monitoring Plan. The time lapse pressure monitoring data will be compared to the model
predicted time lapse pressure profiles. ADM will provide a brief report of this review to the UIC Program
Director and discuss the findings.

If data suggest that a significant change in the size or shape of the actual CO; plume as compared to the
predicted CO; plume and/or pressure front is occurring or there are deviations from modeled predictions
such that the actual plume or pressure front may extend vertically or horizontally beyond the modeled
plume and pressure front, ADM will initiate an AoR reevaluation prior to the next scheduled reevaluation.
Such deviations may be evidenced by the results of direct or indirect monitoring activities including MIT
failures or loss of Ml; observed pressure and saturation profiles; changes in the physical or chemical
characteristics of the CO,; any detection of CO, above the confining zone (e.g., based on
hydrochemical/physical parameters); microseismic data indicating slippage in or near the confining zone
or microseismic data within the injection zone that indicates slippage and propagation into the confining
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zone; or arrival of the CO; plume and/or pressure front at certain monitoring locations that diverges
from expectations, as described below.

4.4.2 Trigger for AoR Reevaluations Prior to the Next Scheduled Reevaluation

Unscheduled reevaluation of the AoR will be based on quantitative changes of the monitoring
parameters in the deep monitoring wells, including unexpected changes in the following parameters:
pressure, temperature, neutron saturation, and the deep ground water (> 3,000 ft below KB) constituent
concentrations indicating that the actual plume or pressure front may extend beyond the modeled
plume and pressure front. These changes include:

Pressure: Changes in pressure that are unexpected and outside three (3) standard deviations
from the average will trigger a new evaluation of the AoR.

Temperature: Changes in temperature that are unexpected and outside three (3) standard
deviations from the average will trigger a new evaluation of the AoR.

RST Saturation: Increases in CO; saturation that indicate the movement of CO2 into or above
the confining zone will trigger a new evaluation of the AoR unless the changes are found to
be related to the well integrity. (Any well integrity issues will be investigated and addressed.)

Deep ground water constituent concentrations: Unexpected changes in fluid constituent
concentrations that indicate movement of CO; or brines into or above the confining zone will
trigger a new evaluation of the AoR unless the changes are found to be related to the well
integrity. (Any well integrity issues will be investigated and addressed.)

Exceeding Fracture Pressure Conditions: Pressure in any of the injection or monitoring wells
exceeding 90 percent of the geologic formation fracture pressure at the point of
measurement. This would be a violation of the permit conditions. The Testing and Monitoring
Plan (Section 9 of this permit application) and the operating procedures in Section 8 of this
permit application provides discussion of pressure monitoring and specific procedures that
will be completed during the injection start-up period.

Exceeding Established Baseline Hydrochemical/Physical Parameter Patterns: A statistically
significant difference between observed and baseline hydrochemical/physical parameter
patterns (e.g., fluid conductivity, pressure, temperature) immediately above the confining
zone. The Testing and Monitoring Plan (Section 8 of this permit application) provides
extended information regarding how pressure, temperature, and fluid conductivity will be
monitored.
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Compromise in Injection Well Mechanical Integrity: A significant change in pressure within
the protective annular pressurization system surrounding each injection well that indicates a
loss of mechanical integrity at an injection well.

Seismic Monitoring Identification of Subsurface Structural Features: Seismic monitoring data
that indicates the presence of a fault or fracture in or near the confining zone or a fault or
fracture within the injection zone that indicates propagation into the confining zone. The
Testing and Monitoring Plan provides extended information about the microseismic
monitoring network.

An unscheduled AoR reevaluation may also be needed if it is likely that the actual plume or pressure
front may extend beyond the modeled plume and pressure front because any of the following has

occurred:

Seismic event greater than M3.5 within 8 miles of the injection well;

If there is an exceedance of any Class VI operating permit condition (e.g., exceeding the
permitted volumes of carbon dioxide injected); or

If new site characterization data changes the computational model to such an extent that the
predicted plume or pressure front extends vertically or horizontally beyond the predicted
AoR.

ADM will discuss any such events with the UIC Program Director to determine if an AoR reevaluation is

required.

If an unscheduled reevaluation is triggered, ADM will perform the steps described at the beginning of
this section.
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5. Financial Responsibility Plan

Estimates are based on prices incurred for similar work and reflect the current pricing environment. The
cost summary presented in Section 5.6 applies both inflation and cost discounting assumptions based on
the expected project timeline.

5.1 Area of Review and Corrective Action Cost Estimate

As outlined in Appendix B of the permit application, the area of review (AOR) refers to the maximum area
extent of the effected injection reservoir in which Mt. Simon pressure will exceed a critical pressure and
have the potential to hypothetically drive fluids upwards into the lowermost USDW (St. Peter formation)
if a vertical pathway is present. The AOR is based on results from current numerical modeling and is
subject to change if operational measurements deviate significantly from modeled predictions. However,
no known deep penetrating wells were found to exist within the AOR. Based on this review, no cost has
been assigned for corrective action since no pathways for leakage were found to exist.

5.2 Injection Well Plugging and Site Reclamation Estimate

Plugging costs for the three injection wells will be incurred at the end of their respective operational
period. A series of cement plugs will be placed to seal the entire wellbore, and the well will be capped
and covered below ground level. Table 5.2-1 presents an approximate breakdown of total estimated cost
based on the procedures provided in Section 10.

TABLE 5.2-1

COST SUMMARY FOR INJECTION WELL PLUGGING / SITE RECLAMATION

No.

Activit
cvity Wells

‘ Cost/Well ‘ Subtotal |

| Total Estimated Cost for P&A / Site Reclamation: |  $2,325,000

5.3 Post-Injection Site Care Cost Estimate
Post-injection monitoring extends the use of the verification wells (VWs) and geophysical monitoring
wells (MWs) by means of the operational testing and monitoring plan described in Section 9 of the permit
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application. Monitoring activities, locations and frequencies are summarized in Table 5.3-1. Monitoring
costs assume that VW #3 is installed as a single wellbore with multi-zone sampling capacity. In the event
VW #3 is installed as a system of multiple, smaller-diameter wellbores, incremental sampling costs are
expected to be negligible.

TABLE 5.3-1
COST SUMMARY FOR POST-INJECTION MONITORING

Total
Activity Tested Wells Frequency Cost/Test No. of Subtotal (10-yr)
Tests

Total Estimated Cost for Post-Injection Monitoring: ‘ $2,650,000
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5.4 Site Closure Cost Estimate

The site closure costs summarized in Table 5.4-1 include plugging and reclamation activities for all VWs
and MWs (the procedure is identical to that described in Section 5.2 for injection wells). The VWSs extend
to the approximate depth of injection wells but have a smaller diameter, which significantly reduces the
volume of cement and time required for plugging. The GWs are installed to the base of the St. Peter
formation, which is approximately half the depth of injection and verification wells. Site closure
estimates assume VW #3 existing as a single wellbore; multiple, smaller-diameter wellbores would likely
incur the same total plugging cost.

TABLE 5.4-1

COST SUMMARY FOR SITE CLOSURE

No.

Wells Cost/Well Subtotal

Activity

Total Estimated Cost for Site Closure: | $2,970,000
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5.5 Emergency and Remedial Response Cost Estimate
The primary sources of risk evaluated in the current plan are similar to the risk categories utilized in the
previously approved CCS#2 permit. For the current evaluation, additional consideration was given to

surface equipment.

In this site-wide financial risk assessment, Monte-Carlo analysis was used to

calculate an expected net present value (NPV) of financial liability based on the probability and expected
cost of risk events occurring over the 15-year operational and 10-year post operational periods.
Probabilities for each event were assigned primarily based on a 2007 risk assessment report submitted
as part of the FutureGen Environmental Impact Statement (FutureGen, Contract No. DE-AT26-
06NT42921). Table 5.5-1 summarizes the range of probabilities estimated in the FutureGen report for
each respective risk event and used as part of the input values for this evaluation.

TABLE 5.5-1

ANNUAL PROBABILITIES OF RELEVANT CCS RISK EVENTS

Annual Frequency of Failure
(Single Item)

Risk Event Description

Event
1 Pipeline Rupture
2 Pipeline Puncture
3 Wellhead Equipment Rupture
4 Upward rapid leakage through CO; injection well
5 Upward slow leakage through CO; injection well
6 Upward rapid leakage through deep oil & gas

wells

7 Upward slow leakage through deep oil & gas wells
8 Leaks due to undocumented deep wells, high rate
9 Leaks due to undocumented deep wells, low rate
10 | Upward rapid leakage through caprock
11 | Upward slow leakage through caprock
12 | Release through existing faults
13 | Release through induced faults

Low Estimate | High Estimate

Each Monte-Carlo simulation observation assigns random event probabilities using uniform distributions
based on the respective low and high estimates shown in this table. The resulting probabilities are then
multiplied by the number of relevant items: events 1-5 apply to three CO; injection wells, events 6-7 are
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applied to approximately 100 oil and gas wells within the project’s area-of review (AOR), and the
remaining events are interpreted as project-wide risks with a multiplier of 1.

If an event occurs in a particular Monte-Carlo realization based on the probability distribution and the
multiplier for the potential number of events from the process described above, it is then randomly
assigned a cost using triangular distributions, with most-likely estimates corresponding to the values
provided in the previously approved CCS#2 Emergency and Remedial Response Plan (ERRP). The CCS#3
ERRP presented in Section 12 is modeled after the approved CCS#2 ERRP. In addition to the peak of the
distribution, low and high-estimates for each of the triangular distributions are estimated (Appendix A
provides additional information on the characteristics of triangular distributions). Table 5.5-2
summarizes the distribution parameters used for each risk event (low, most-likely, and high estimates).

TABLE 5.5-2

REMEDIATION COST PARAMETERS FOR RISK EVENTS

Event | Event Description Event Cost (Triangular Distribution)
Low Most Likely High
1 Pipeline Rupture
2 Pipeline Puncture
3 Wellhead Equipment Rupture
4 Upward rapid leakage through installed well
5 Upward slow leakage through installed well
6 Upward rapid leakage through transecting
wells
7 Upward slow leakage through transecting
wells
3 Leaks due to undocumented deep wells,
high rate
9 Leaks due to undocumented deep wells,
low rate
10 | Upward rapid leakage through caprock
11 | Upward slow leakage through caprock
12 | Release through existing faults
13 | Release through induced faults

Using the defined probability and cost distributions, the Monte-Carlo simulation creates thousands of
viable scenarios that project annual liability costs over a 25-year timeframe (15 years operational and 10
post-operational). Future payments are discounted at a rate of 2.0% and incorporate an annual inflation
rate of 2.5%. Figure 5.5-1 illustrates the final distribution of total project liability based on the aggregate
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results of 100,000 simulations. The Monte Carlo analysis was used to generate an expected value of
$5.34 million based on the results from all modeled outcomes. The input for the Monte-Carlo analysis
is consistent with both risk events and costs used in the previously approved CC2 financial assurance
documentation.

Figure 5.5-1. Distribution of Emergency & Remedial Response Net-Present Value
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5.6 Cost Summary

Cost estimates detailed in Sections 5.1 through 5.5 were adjusted to net present values using the same
method described in the emergency and remedial response section (future costs were inflated assuming
an annual inflation rate of 2.5% and discounted at a rate of 2.0%). Table 5.6-1 summarizes the pre-
adjusted and adjusted cost totals for the five cost categories.

TABLE 5.6-1

FINANCIAL ASSURANCE COST SUMMARY

Category Pre-adjusted | Adjusted NPV |

Total Financial Assurance Required: \ $14,344,000
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6. Well Construction Details

6.1 Well Hole Diameters and Injection Intervals
The open hole diameters and injection intervals for CCS#3 are described below in Table 6.1-1.

Table 6.1-1: CCS#3 preliminary open hole diameters and depth intervals

Name of Interval Approximate Depth Open H.oIe Diameter Comment
Interval (feet inches
Surface To bedrock
Intermediate To primary seal
Long To total depth

6.2 Casing Specifications
The casing specifications for CCS#3 are described below in Table 6.2-1.

Table 6.2-1: CCS#3 preliminary casing specifications

Approximate . . Design Thermal
Outside Inside . . -
Name of Depth . . Weight Coupling Conductivity
Diameter | Diameter Grade (API) .
Interval Interval (inches) (inches) (Ib/ft) (Short or Long @ 77°F
(feet) Threaded) (BTU/ft.hr. °F)

Surface?!

Intermediate?

Long? (carbon)

Long?®
(chrome)
Note 1: Surface casing will be 350 ft of 20 inch casing. After drilling a 26" hole to approximately 350' true vertical depth
(TVD) or at least 50 ft into the bedrock below the shallow groundwater, 20", 94 ppf, H40, short thread and coupling (STC)
casing will be set and cemented to surface. Coupling outside diameter is ~21 inches.

Note 2: Intermediate casing will be 5,300 ft of 13.375-inch casing. After a shoe test or formation integrity test (FIT) is
performed, a 17.5" hole will be drilled to approximately 5,300' TVD or approximately 50' into the Eau Claire Shale (primary
seal formation). The 13.375-inch long thread and coupling (LTC) or buttress thread and coupling (BTC) casing will be set and
cemented to surface. Coupling outside diameter is ~14.375-inches.

Note 3: Long string casing consists of two sections: 1 ) 0-5,000 ft of 9.625-inch, API CS casing and 2) 5,000- 7,250 ft of 9.625-
inch, API 13Cr alloy casing. After a shoe test is performed and the integrity of the casing is tested, a 12.25-inch hole will be
drilled to approximately 7,500' TVD or through the Mt. Simon, where the long string casing will be set and cemented in two
stages using CO2 resistant cement in the bottom (tail) section. Coupling outside diameter is ~10.625-inches for the upper
CS section and ~10.485-inches for the lower 13Cr section.

6.3 Tubing Specifications
The tubing specifications for CCS#3 are described below in Table 6.3-1.
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Table 6.3-1: CCS#3 Preliminary tubing Specifications

Design
Depth Qutside .Inside Weight | Grade Coupling Burst Collapse
Name Interval | Diameter | Diameter (Ib/ft) (API) (Short or | strength | strength
(feet)? (inches) (inches) Long (psi) (psi)
Threaded
Injection
tubing®34

Note 1: The tubing length will be finalized after the location of the perforations are selected and the packer location
determined. The final tubing design may change subject to availability and/or pending results of reservoir analysis. The well
casing design does allow for a larger tubing than 5 %" if required.

Note 2: Maximum allowable suspended weight based on joint strength of injection tubing. Specified yield strength (weakest
point) on tubular and connection is 306,000 Ibs.

Note 3: Weight of expected injection tubing string (axial load) in air (dead weight) will be 88,200 Ibs.
Note 4: Thermal conductivity of tubing @ 77°F will be 16 BTU / ft.hr.°F.

The injection well will be plugged back from the bottom with at least 80 feet of cement or with a
sufficient volume to prevent the injection fluid from coming directly in contact with the Precambrian
granite basement through the wellbore. Figure 6.3-1 below displays a CCS#3 well schematic showing
surface and subsurface well details.
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Figure 6.3-1: CCS#3 Well Schematic
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6.4 Tubing and Packer Pressure Gauge and Compatibility
The pressure and temperature gauge will be installed at the packer at approximate depth of 6350 ft.

Tubing and packer materials will be compatible with fluids with which the materials may be expected
to co