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CCUS Progression to Commercialization
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‘ CarbonSAFE lllinois: >50 MT
Commercialization
ICCS: 3-5.5MT
Industry Site
.IBDP: 1MT * Aspects of monitoring active industrial sites
Demonstration * Geological factors
e Evolving monitoring technology
e Technology transfer
* Non-technical issues — policy, business, regulatory
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STORAGE: Geology - lllinois Basin
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Mt Simon Storage Complex

» Sandstones about 2100m (7,000
ft) depth

lllinois Basin — Decatur Project
* Demonstration 1 MT CO,
lllinois Industrial CCS Project

* Industrial 3.5 -5 MT CO,
CarbonSAFE lllinois

¢ Commercial >50 MT CO,

Lower Cambrian Sandstones used
for CCUS at other North American
storage sites

e QUEST - Alberta Canada
e AQUISTORE — Saskatchewan Canada
* Michigan USA

Storage
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Industrial Sites Impact Monitoring

I1linois Basin - Decatur
Project (IMT)

E Verification/ monitoring well site (VW1)

— ) Geophone well

~150 m
Archer Daniels
Midland —
Industrial
site

C Injection well site (CCS1)

— B Pipeline route (1.9 km)

A Dehydration/ compression facility locatix

o s '. ! 4th Beijing International Forum CCUS



Environmental Monitoring (MVA)
Risk Based Conceptual Framework

Near Surface Deep Subsurface

Injection
Zone

Soil and Vadose Zone

Geophysical Geophysical
Geochemical Surveys Surveys

Aerial Imagery Soil CO, Flux Sampling Seismic Geochemical
P/T Monitoring Monitoring sampling

P Monitoring P/T Monitoring



MONITORING: Verification Well 1 - Westbay Completion

Deepest Westbay installation in the world 7126 ft (2172 m)

11 monitoring zones
from 1493 to 2152 m
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MONITORING: Pressure Response in Verification Well 1

Nov 2011

Nov 2014
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MONITORING: Upgrading Technology —
Recomplet|0n Of VWl We” REPacker™ Reactive Element Packers

e Option 1 —Retain Westbay

e Option 2 —Schlumberger IntelliZone

* Option 3 — Baker Hughes Intelligent System
e Option 4 = Drill new well

o
Baker Hughes Intelligent System

HCM-Plus Hydraulic Sliding Sleeve

Westbay System i Rt
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PERFORMANCE MONITORING: Improves Prediction
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MONITORING: Time-lapse Seismic
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MONITORING: Microseismic Activity

* Location critical to understanding R roter Taeat o

reservoir response | @ 15 Dec 2011 26 Nov 2014
) ® 26 Nov 2014 - 31 Sept 2016
. 10ct 2016~ 31 Oct 2016

» Study of relation of clusters to:
e pressure front and
* basement characteristics

Magnitude of Located Events
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STORAGE: RESERVOIR CHARACTERIZATION

VW1

} IL-ICCS Injection Zone

Zone5 —| .'

6,863-6,863.25 BAFFLE
Porosity: 1.5%

K,: <0.01 mD

K: 4.13 mD in siltstone laminae

Baffle (mudstone)
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Simulated Plume Interaction
After injection complete
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Illinois Industrial CCS — injection startup April 7
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Permitting can be a Critical Factor for Project Advancement
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" Permitting has been a rate-limiting step for both -
projects e
= Permits for IBDP Post-injection Site Care and ICCS @ —=r
injection + Post-injection tied together o —_
@ =0 .....::x.. »E ) -

= Example: =" ==

= |CCS application submitted: 25 Jul 2011 Bl
= Draft permit issued: 4 Apr 2014 EEEEEN v

= Public hearing conducted: 21 May 2014
= Public comment period ended: 31 May 2014 i T
" Final permit issued 28 Dec 2014 =i S "oss\"
= Permission to inject: 7 Apr 2017 15‘» o gt'\o" '
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Intelligent Monitoring Systems (IMS) JLLINOIS
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Program Components

e DAS (digital acoustic sensors) seismic imaging (VSP &
surface reflection)

Front
- T 2016

e Permanent rotary surface source - Source
e Surface

. . . . b Fiber

e Hybrid geophone/DAS microseismic array il

DTS (distributed temperature sensors) well integrity
monitoring

e |ntegration into the existing systems.

e Sparser surface infrastructure
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CarbonSAFE Illinois

* Develop Commercial-Scale storage hub
e >50 million tonne Storage Complex

* Examine CO2 EOR potential :

* Address gap in around development of large-scale &R TR L
carbon storage : | o ¥

* Validate technologies to ensure containment

* Improve storage capacity estimates for industry
investment decisions
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Storage Development

* Learning from the oil & gas industry are directly applicable
 Complementary skills, resources and equipment

* Choose the best geology for large-scale storage
* Determine need for pressure management

* Monitoring strategy (risk based) is moving toward sparser, less surface
intense methods

e Permitting still can be a hurdle

* |ISO 27914 - Standards for Geological Storage of CO,
* Provide operator, regulatory, and investment confidence

* |dentify DRIVERS — policy / economic / utilization
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THANK YOU

The Midwest Geological Sequestration Consortium is funded by the U.S. Department of Energy
through the National Energy Technology Laboratory via the Regional Carbon Sequestration
Partnership Program (contract number DE-FC26-05NT42588)

The MGSC is a collaboration led by the geological surveys of Illinois, Indiana, and Kentucky

The Industrial Carbon Capture and Storage project is administered by the U.S. Department of Energy's
Office of Fossil Energy and managed by the National Energy Technology Laboratory (award number
DE-FE-0001547) and cost share agreements with ADM, ISGS, SLB, & RCC.

The Intelligent Monitoring System Project is administered by the U.S. Department of Energy's Office
of Fossil Energy and managed by the National Energy Technology Laboratory (award number DE-FE-
0026517) and by cost share agreements with the ADM, LBNL, Silixa, SLB, ISGS, & RCC.

CarbonSAFE lllinois is funded by the U.S. Department of Energy (DE-FE00029381)
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