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Scale of the
challenge

Regional CO, Sources
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DRAFT MAP - For Data Review Only
5/9/2017 map revised (added study area = 50mi)
CPK and DAG

MGSC CO2 Sources updated 2017, using:
- 2015 CO2 Emissions (nonbiogenic) from EPA GHGRP.

- Ethanel fermentation {biogenic) emissions
calculated from operations using dry milling factor.

Original map size 20 x 20 inches,
scale 11,500,000

FACILITY CLASS (DOE ATLAS)

O Primary Aluminum

@ Cement

@ Chemical

@ Agricuttural Processing

(O Ethanal

{0 Nat Gas Processing/Distribution

@ Peiroleum Refineries

O Iron and Steel

@ IndustrialManufacturing

@ Other

@  Electricity Generation

@ (Unclassified MRCSP - outside ILB)
CO2 TONNES (2015 EPA GHGRP)

© 10,000 - 250,000

O 250,001- 500000

(O 500,001 - 1,000,000

() 1000001 - 5,000,000

O > 5.000,000

PrefeasiiltyiRegional Study Area: 50 miles beyond
[ PrefeasiltyRegional Study Area (5/2/2017)
[ tincis Basin, generalized area
[ masC project area counties
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Mt Simon Sandstone Storage Complex

| Thickness (ft)
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Monitoring Well #2

2 CCS Sites

#1: IBDP Demonstration

From 2011 to 2014 injected
total of 1 million metric tons of e = e
CO, at a depth of 7,000 ft | Richland Community

College

*rj'ﬂ”*’qlﬁ‘i“l l,,l.,\..‘,.v :

— SerrriaT f
#2: IL-CCS Industrial : °'””gWe”#1 o

Currently injecting ~ 1MT per
year of anthropogenic CO,

North

~800 meters
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http://upload.wikimedia.org/wikipedia/commons/b/ba/Sears_Tower_ss.jpg
http://upload.wikimedia.org/wikipedia/commons/c/c1/Washington_Monument_Dusk_Jan_2006.jpg
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RESERVOIR CHARACTERIZATION "|

V

Mt Simon Core

—

Vw1
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6,863 to 6,863.25
Porosity: 1.5%

K,: <0.01 mD

K,:4.13 mD in siltstone laminae

} IL-ICCS Injection Zone

i Baffle
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Performance Monitoring Improves Prediction @

Slmulatlon Modelln Selsmlc Attrlbute
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Passive Seismic (Microseismic)
Monitoring

* Location critical to understanding
reservoir response

* Relation of clusters to pressure front
and basement characteristics

e 5 surface seismometers also used

Magnitude of Located Events

RI Workshop 2020



Simulated Plume Interaction
(At end of CCS#2 injection)

Schlumbe =
I‘u* '- ILLINOIS STATE
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Industrial
scale
Risk based

Demonstration
scale
Research based

3 v P et STty t'

® Injection wells (2)

Verification wells (2)
Geophysical wells (2)
Compliance wells (4)
Research wells (24)
Soil gas points (35)

¢ Soil flux points (145)

Eddy covariance
station (1)

Continuous GPS
station (1)

“ InSAR artificial
reflectors (21)
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CarbonSAFE Illinois — Macon County

Ozark
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Springfield
)
CWLP

Sole-source aquifer —_,

* IBDP

’\(e- Decatur

cMillen well

QiliGas
Production Field

Gas Storage Field
Interstate Hwy.
Mahomet Aquifer
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Sample Collection: McMillen #2

* Drilling completed
December 2, 2018

* TD at 6,469 ft

e 150 feet of 3.5 inch core:
 Silurian 62 ft
* Lower Mt Simon 61
* Precambrian 27

~ API: 1202125650
[5 1202125650_6089.07_RSWC_R1S009
lllll ||||||||||1J Depth_ft:6089.07
Sample Type: RSWC

* 109 rotary sidewall cores

* Extensive geophysical

Lower Mt Simon Core: 6288-6294 ft
logs

RITE CCS Workshop 2020



Lower Mt Simon
Storage Complex

Porosity averages ~ 20%

Permeability ca 100’s of mD
Side wall and whole core
samples with Darcy
permeability (up to 5.5)!

Preliminary simulation indicates
CO, injection rates of 1.7 Mt/y
with 15’ perforation
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Depth trends not apparent in Lower Mt Simon

Upper Mt.
Simon
Porosity
Decrease
with

Deptbg

DEPTH (FT)

Mt. SImon Porosity

POROSITY (%)

Mt. Simon Permeability
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What makes the
Lower Mt. Simon

such a good reservoir?

Detrital Source

Depositional
Environment

Diagenesis



Rifting in Central lllinois

Modified from: Renaut & Ashley 2002
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Plum River

IOWA

known rifted region

possible stretched crust
of the La Saile Deforma-
tion belt
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T.R. McMiillen #2
Mt. Simon Sandstone

120212565000
T.R._McMillen

Christian

HCAL

=3

18

Formation

GR

0

200

Eau Claire Fm

5000

Upper
m

Middle

Mt. Simon Sandstone

Lower

R R L T M

Argenta

“—

Pre-Cambrian

Z. Askari, ISGS

Dominant
Depositional
Environment

Tidal Flat

L Aeolian

pC

Lagoon

Feldspar and
terrestrial clay
coatings

) [ sourced from
Fluvial/ | Precambrian

Alluvial ] highs

| Rift Fan Unconformity
Delta

L Aeolian
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Crustal thinning, faulting, and development of localized depocenters during
rifting. Precambrian highs are a local source of arkose.
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Rift Fan Delta Sediments (Argenta

Highly angular immature detritus

[Magnification: 1.58x .. 3 L R - ~ By P

Poorly sorted grains with abundant pore
filling clay

S
<

il 4 -

RITE CCS Workshop 2020 FlexSEM1000 15.0kV-5.7mm x350 BSE-




(Post-Rift) Alluvial-Fluvial-Eolian
Near-shore (Lower Mt. Simon)

Well rounded grains with abundant
intragranular pore space

Magnificationzl.58 x i

Moderately well sorted grains with open
enlarged pores

RITE CCS Workshop 2020

FlexSEM1000 15.0kV 6.7mm x65 BSE-COMP 30Pa



All grains (including feldspars) have authigenic
cement overgrowths

Gg"

Magnification:& 58 x g, »

Bimodal, mature grains. Pores are generally
small due to fine grains and/or abundant
quartz/feldspar cement

RITE CCS Workshop 2020




Diagenesis of the Mt. Simon and
Pore Space Paragenesis

Most grains have early clay coatings

pic®

major authigenic quartz overgrowths

Grains coated in illite. lllite is webby
and nucleation points on quartz
grains are small. Thus authigenic
quartz crystals are small but act as a
cement to prevent extensive
compaction preserving primary
porosity.

o )

FlexSEM1000 15.0kV 5.4mm %350 BSE-COMP 30Pa

When clay coating are absent, entire
surface of quartz grains acts as
nucleation point and large quartz
overgrowths nucleate and close up
pore space

RITE CCS Workshop 2020




Diagenesis of the Mt. Simon and
Pore Space Paragenesis

Another major contributor to porosity in
the Mt. Simon is secondary porosity

7 e M Pt oS P —
Feldspar dissolution is a late stage event
and Is a major contributor to porosity

Complete dissolution of feldspar with
clay cast and large secondary pore

RITE CCS Workshop 2020



Geological Controls over Storage Complex Distribution

Existin
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D seismic line
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s 2D seismic line (Knox-St.P.)

2D seismic line (Macon Co.)
IL Basin oil/gas fields
Arkose thickness (feet)
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Section 45Q Tax Credit for Carbon Capture Projects

25,000-500,000 At least 100,000 At least 500,000
metric tons of C0./CO metric tons of C02/CO metric tons of C02/CO

All other industrial facilities

(other than electric Electric generating units.
generating units), including

direct air capture.

Beneficial use projects
other than enhanced oil
recovery (EOR) projects.

Timing: Eligible projects that begin construction within six years of the enactment of the FUTURE Act
(i.e., before January 1, 2024) can claim the credit for up to 12 years after being placed in service.

Type of carbon: The type of carbon that can be captured includes all carbon oxides, including CO, or CO.

45Q Tax Credit Amount: Depends on Project Type

There is a 10-year ramp up to the following dollar per ton amounts, with the value depending on project type.

for CO, stored geologically for other beneficial use of CO, or CO such as for CO, stored in other
through EOR. converting carbon emissions into fuels, geologic formations and not
chemicals, or useful products like cement. used in EOR.

RITE CCS Workshop 2020



Phase II: CO, Source and Storage Site

Wabash Valley Resources (WVR; formerly Quasar Syngas)

e |IGCC Unit 1A (DOE 1993-1995)

e WVR purchased plant May 2016 for
ammonia production from petcoke.
Petcoke -> Syngas -> H, -> Ammonia +

o,
= T — & alley|Resources 8 ¢ Target 2023 commercial operation

1 /‘\’ )

Hlinois-| Indiana

Parke
Edgar

Clark

Site Location in
Vigo County, Indiana

e WVR business model: change plant
design to maximize CO, recovery for
storage or EOR sale (45Q credits)

—  65% ->98% CO, recovery

e >95% pure stream CO, @ 1.65 million
tonnes/yr

e Mt Simon Storage Complex

500 1,000 1,500

Feet

k /f RITE CCS Workshop 2020
RESOURCES E ILLINOIS
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Wabash Characterization Well

e Drill to ~8,300-8,500 ft

e Whole Core

— Eau Claire — Upper Mt. Simon
—  Lower Mt. Simon

e Sidewall Cores

e Evaluation
— Triple Combo
— Formation Images
—  Full Sonic
— Elemental Spectroscopy
— Magnetic Resonance

e Cased Hole Testing
- VSP
—  Fluid Sampling
— Step Rate Tests
—  Pressure Falloff
- EWT

e Drill into Precambrian for basement characterization

405

38° Ny

.~

m—— Seismic long line
IL Basin oil/gas fields

Arkose thickness (feet)
Less than 150

150 - 175 N
175 - 200 A
200 - 225 e Miles
0 10 20
295 _ 250
I 250-275

Arkose thickness uncertain

®  Arkose thickness data point

Mt. Simon less than 800m \(

MT. AUSU RN_:‘#

£
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CarbonSAFE lllinois — |

CO, Sources

10’s of MT/y CO,
Variety of industries
Existing infrastructure
Increased interest in storage

Opportunity to greatly improve
commercialization decisions by
defining storage resource
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or not mapped
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\ | 1
—Study area)within
t elllinoi:( as'}{

Illinois Storage Corridor
CarbonSAFE Phase 3

~SheEarth ]

Excellent and proven storage
characteristics

Multiple Industries and Multiple
Sources of CO,

Railroads

= Highways

Transmission lines

Natural gas pipelines

g )
MGSC CO, Sources - Facility Type

O Primary Aluminum

O Cement

@ Chemical

@ Agricultural Processing

OEthanol

ONat. Gas Processing/Distribution

@ Petroleum Refineries

Oilron and Steel

@ IndustrialManufacturing

@ Electricity Generation

@ omer

RITE CCS Workshop 2020



One Earth Energy — Storage HUB

One Earth Energy — ethanol plant
Mt Simon Storage Complex — Storage HUB (0.5 to 1.7 MTPA CO,)
Storage at site location

RITE CCS Workshop 2020



Prairie State Generating Company

ST U ST
ST

e The Prairie State Energy Campus
includes a 1600 MW coal-fired
generating plant and adjacent coal
mine.

 Commercial operations began in June
of 2012 for Unit 1, and November of
2012 for Unit 2.

. "enwronmental emissions controls and
supercritical technologies.

Prairie State’s power plant is among

cleanest plants in the nation.

* CO, emissions >12MTPA

St Peter Storage Complex

&' RITE CCS Workshop 2020
CarbonSAFE Generating Company




St Peter Storage Complex

WEST
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Prairie State Storage Site

N
0 25 § 10 15 20
EN B Ve

Unit #2 816 Mwe

Misubishi KM
CDR Process™
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Summary

* Regional conceptual model for Mt Simon Storage

Complex - target “arkosic” zone

» St Peter Storage Complex also feasbile in lllinois Basin

* Analyses suggests sites can easily accommodate > 50

Mt CO, over 30 years

* Industry interest in USA is high (due to 45Q) and

multiple sources can exploit the Mt Simon and St Peter
storage complexes in central lllinois

 Phase Ill CarbonSAFE to drive commercialization of sites

* One Earth Energy
* Prairie State Generating Company
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