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Initiatives to Accelerate CCUS in the United States
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CCS in the lllinois Basin
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Decatur CCUS Project Descriptions

lllinois Basin — Decatur Project lllinois Industrial CCS Project

* Industrial-scale demonstration

* Volume: up to 5 million tonnes ’ LLINOIS
* Injection period: 3 years (or longer) é’;ﬂﬁﬁ;’;’% g:g:::E
* Injection rate: 3,000 tons/d

» Large-scale demonstration

* Volume: 1 million tonnes

* Injection period: 3 years

* Injection rate: 1,000 tonnes/d

« Compression capacity: 1,100 tonnes/day « Compression capacity: 2,200 tonnes/day
Contribution: Contribution:

» Geologic and Social Site Characterization « Commercial-scale up surface and subsurface
* Reservoir Modeling and Risk Assessment * Intelligent Monitoring

* MVA Development and Engineering Design » Class VI permitting

« Stakeholder Engagement Status:

Status: * Injection Began April 7, 2017

» Post-injection monitoring ended April 2020 » Optimization of capture process

* Project completed June 2021 « >2,000,000 tonnes to date
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Faults Interpreted from Seismic Image

 What do we need to know?

 Whether there are faults in the
reservoir — confirmed.

8 4

el

€0 bl
R .

0
ahettna
-

0
R, A

Fault displacement, [ft]
40

Fault displacement : combined,true
(2x) [Structural model Full Field /
Faults]

ol f { Fault displacement [ft]
Ll | 4 | \

1 /=X 4 A ~60.00

4 - X , U

Eso.oo

0 500 | 1000 | 1500 | 2000 = 2500 3000 ~ 3500 | 4000 4500 —40.00
Distance, [ftUS] | —3000

= 2000

Fault displacement versus fault length - 1000
for the 9 largest faults interpreted in the
3D seismic volume

lllinois State Geological Survey | X ILLINOIS



Faults Interpreted from Seismic Image

 What do we need to know?

 Whether there are faults in the
reservoir — confirmed.

* Why do we need to know it?

* They could compromise top
seal or lead to induced
seismicity — also confirmed.

 What does “know” mean in
this context?

* .LJ n Ce rta i n t.y re I ated to Fault displacement : combined,true
I n te rp retatl O n _ WaS g:&g;ructural model Full Field

compounded by seismicity. ety
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Comparing Seismicity to Fault
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Historical Natural
Seismicity

« Earthquakes in lllinois since
1795

« Some activity in northern IBDP site ’ I

lllinois

SHmax = 68° azimuth

* Moment tensors shown
for 3.8 and 4.2 Mw

Wabash
earthquake °

« Most activity is in southern
part of state, where basin is
deepest and has highest
structural complexity

* Moment tensors shown
for Mw 5.2 EQ followed
by a Mw 4.0 aftershock

5.29 --

100 Kilometers
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Earthquake Magnitude Reference Energies

MICROSEISMICITY

E:‘g;?g’s'“ 2000  63x10° 20x10° 63x107 20x10° 63x10 20x10” 6.3x10"° 2.0x10"® 63x10"® 2.0x10'®
Energy
Example 1kg Energyina 100 kg Energy Typical Energy  Often felt from ' 3.3 1-2 earth.- Total
using dropped 20 powerful person released by quarry Only felt from50 upto 10's 50 000 Hiroshima- quakes this  annual
common linashot jumps 15 grams blast nearby litres of  of miles litres of size A size each energy use
event cm SINGSNOL yown2m  of TNT as petrol away bombs year of UK

petrol
\ Table modified from British Geological Survey



http://www.bgs.ac.uk/discoveringGeology/hazards/earthquakes/magnitudeScaleCalculations.html

Comparing to Wastewater Injection

Location Injection rate | Injection period | Induced seismicity Felt
m3/day selsmlmty

co, IBDP CCS1 well 1123 3 years Yes (Mw -2.1 to 1.2)
injection | IL-ICCS CCS2 well 1950 3 years Little (Mw -2 to 0.8) No
B East Texas? 2000 1 year or more Yes (Mw 4.8) Yes
\\//vV:tsetre--< Williston Basin3 3300 1 month ormore  Some (Mw 1.4t02.8) No
injection Arkansas? 2030 1 year or more Yes Yes
u S. Texas (Eagle Ford)® 900 Several months Yes Yes

"Williams-Stroud et al., BSSA 2020
2Frolich, PNAS 2012

SFrolich et al., SRL 2015

4Horton, SRL 2012

°Frolich and Brunt, EPSL 2013 lllinois State Geological Survey | X ILLINOIS



Induced Seismicity
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» Clusters of events have
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existing features
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CO, Injection Periods at Decatur

* November 17, 2011 — injection commenced in CCS1 well
» Large-scale demonstration project
CCS1 « Compression capacity 1100 tonnes/day
* Injection rate: 1000 tonnes/day
* Volume: 1 million tonnes in 3 years (999,215 tonnes)

» November 26, 2014 — injection ceased in CCS1 well
injection

» Post injection monitoring will continue until April 2020
 April 7, 2017 — injection commenced in CCS2 well
* Industrial-scale demonstration project

« Compression capacity 2200 tonnes/day
* Injection rate: 3000 tonnes/day
* Volume: up to 5 million tonnes in 3 years (or longer)
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* Injection wells
« CCS1and CCS2
* ~1100 m apart
» Geophysical monitoring
wells

+ GM1 (31 geophones for
VSP and microseismic)
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15t Injection (CCS1) Pressure Response

Impacts on reservoir response
include:

* Reservoir quality
* Injection zone depth

* Reservoir heterogeneity,
barriers to vertical flow

» All these things have
impact at a smaller scale
than expected

O Pressure gauge
Mudstone baffle

1 Injection zone

During CCS1 injection
reservoir pressure increase
was higher below a baffle
than above

lllinois State Geological Survey | X ILLINOIS
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2"d Injection (CCS2) Pressure Response

Impacts on reservoir response
include:

* Reservoir quality
* Injection zone depth

* Reservoir heterogeneity,
barriers to vertical flow

» All these things have
impact at a smaller scale
than expected

@) Pressure gauge
Mudstone baffle

1 Injection zone

VW2 CCs2

O

p *0.22MPa

Oc +1.34 MPa

NOB +2.33 MPa

OA + 0.31 MPa

|

Vw1

During CCS2 injection

reservoir pressure increase
was higher above a baffle

than below
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Geologic Modeling — Baffle Facies

Impacts on reservoir response
include:

Reservoir quality
Injection zone depth

Reservoir heterogeneity,
barriers to vertical flow

The baffle facies improved the
history matching, accounting for
strong vertical flow anisotropy.

Low-permeability layers were
matched to the well depth, but
stochastically distributed in the
reservoir between wells.
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Cluster D3 Bursts
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Elevation (m)

15 Temporal Bursts in Cluster D3
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Conclusions

 Faults were identified in the reservoir, originally with high
uncertainty

* No top seal leak risk was identified, but induced seismicity
occurred
* not on the faults that were identified before injection, but uncertainty of
some faults was decreased by integration with induced seismicity
 Detailed analysis of the induced seismicity revealed

 Smaller features within the clusters
* Probable fracture corridors in the basement

« Geomechanical testing and observed failure in the reservoir
aren’t consistent
« Geochemical interactions may play a bigger role than originally thought
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Failure Analysis

* Cluster D3 formed mostly prior to installation of surface seismic
monitoring network

» Source mechanism failure planes consistent with burst best-fit
plane orientations

» Observed failure planes are much weaker than expected by
Mohr-Coulomb criteria
* lab friction angle = 42°, all planes fail if friction angle is 12°

Shear Stress (1) (MPa)
3

Shear Stress (1) (MPa)
3

%0

2d = 120 00

0.0 0.0 _20.0  30.0 0 50‘01 0.0 0.0 0.0 200 30.0 40.0 so,f 60.0
o) o o3 (o)
A Effective l\?ormal Stress?ci?) (MPa) A Effective Normal Stress &7',) (MPS
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Subsurface injection — comparisons and issues

Wastewater disposal Carbon sequestration
Volumes injected * Volumes injected
« 800 - 2000 m3/day « CCS1 average 800 m3/day
Associated induced seismicity » CCS2 average 1900 m*day
 Felt events, Mw 5.7 in OK * No felt events
Groundwater contamination * All detected events < Mw 27
- Dispersal and dilution enough » Leak containment
» Water-rock interaction * |s top seal integrity sufficient?
Pore space needed to maintain injection * Does micgoseismidty compromise topseal
without contaminating gw and causing via fa‘_”ts' _ _
earthquakes » Reservoir pressure increase with CO,
.« ? injection influenced by:
Reservoir pressure increases linearly * scCO; behaves like gas
+ Dissolution

with H,O injection

Water saturated with CO, denser than brine
Water-CO,-rock interaction
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