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= 1 million tonnes G0, /year,

capaaty for 25 years //\ |
= 65kmpipeline \
m (CS- saline aquifer (BCS)
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= DNV - Storage & MMV plans
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Decatur (ZK[FE])

lllinois Basin Decatur Project

Large scale geologic test to inject 1.0 million

ICCS 7A T IMNEE
= Ty )L EEet  JLLNOIS

mt of CO, over a three year period (1,000

MT/day).

Illinois Industrial CCS Project

Target & demonstrate advanced CCS
technologies at industrial scale facilities.

Inject and store 1.0 million mt CO, per year
(3,000 tons/day).

Study the interaction of two separate plumes.

ADM Ethanol Plant

Capture,
Compression,
& Dehydration e

2,200 mt/day

Capture,
Compression,

& Dehydration e

1,100 mt/day ‘

Injection &
Storage

5.0 million mt

Injection &
Storage

1.0 milion mt

CAPTURE & STORAGE

Ragl | Carban S ge Partnarahip
Seven (7) Reglonal Partners

ARCHER DANIELS MIDLAND COMPANY



Decatur ICCS D #k&%: £ A % B3 fR HAfE

Main Challenges !D';!:.!.!‘(':QBLS
CAPTURE & STORAGE
Alternative PISC Timeframe

Extent of Plume & Saturation Cross Section
January 1, 2030 [SCO: > 1.0%)

 Default PISC is 50 Years

« Applicant allowed to petition for an
alternative timeframe

« ADM Proposed 10 Year PISC

- Reservoir Pressure Decline

- Plume Stabilization «
- CO, Partitioning

jection
Operation Ltyean PQSt I.nject o Demonstrate Non-endangerment
Monitoring

2015 2020 2030 EZfRHAR : SOE M 105 (2 5E 8
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Storage Capacity & Monitoring Tech (1/3)
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Reservoir characterization: Heterogeneity and Injectivity
Down-hole pressure data

: —Bottom-hole pressure —Fracture pressure Injection in Tubaen
C02 Injector 410—In]ectlon in Stg # Seismic acquisition Paasch’ 2015
:I 390
e — 370 | Injection: 2008-2011
Lo R - Injection: 2011- £ 350

Sl g 330
I\

wv
v
® 310
a

'.'.'.'I 290
' Tubden  Biniection: 2008-2011 | ° W
250 | " ¥ ¥ .
P/ | 06.08 06.09 06.10 06.11 06.12 06.13
Paasch, 2015 : Date
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Stratigraphy and Depositional Environment
@ Snohvit

Fiurdiaddsstrbutanyr
achannesls cloorly

Age Formation Hammerfest Basin
Volgian F" : : =eer in Tubdéien 1
ilg Hekkingen
Kimmeridgian
Oxfordian
Fuglen

l—;;mamgar'wall.y 3 = e i

Sig around F2 ; : - : i : s ‘

RS -_-_..f- S ;. . ~_. Faia®~ %5 ..» T N

Figure 3: Amplitudemap ofthe base Tubien Fm reflection. Green |

EEulnurs are high amplitudes an@_hlue colours 1DW amplitudes. ‘

Stg (main reservoir)
Nodmela |- 7 - Shallow-marine environment
- Good lateral and vertical communication
S Tubaen
Rhaetian .
- Densely stacked fluvial channels
L Fruholmen |5
L] - . . .
Norian -
P Poor lateral and vertical communication Paasch, 2015
Spadd | ]
1

Integrating aspects from both 3D seismic and sequence stratigraphy




Application of Sequence Stratigraphy
@ Nagaoka (injection well)

30
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ay conten =ray 10 @ 9 -
y , y-ray fog 5 ) (PLT)
SEAWARD > 1090 | ‘A'I L 4 ' :
SEALEVEL = bt o
DEPOSITIONAL SURFACE ﬁ R A
= 1095 | s — Ellj
1= | &
D000 g"h
1100 | == S :
_ el -
DEPOSITIONAL SURFACE 7 el = 27 o
BE MARSH I PRO-DELTA SILTY CLAY 1105 ¥ §_
1 DELTA FRONT BE OFFSHORE CLAY ﬂ o)
SILTS & SD =
1110 L, — - '
3|| 10 8 6 4 2 0o -2 10 20 30

Porosity, Permeability

pn
pues aul)
pues 351200

Grain size (phi) Injectivity (%)

anuuelb
alqqad

Ito et al., 2015

Detailed information at wells: Local to Spatial
12



QUEST 7O x I MMIH T4 EEE M
(B A FEETE)

Uncartainty

m Insuffident permeability — will only become apparent with the well has

been drilled

m Insuffident connectivity — the further away the greater the exposure to

thisrisk
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Measurement, Monitoring & Verification
@QUEST

2D / 3D| Seismic
insar seis3d |
5 losco2 seis2d
obw_dhpt ria vsp3d
sgrav
airga u
5mMs
dts csem
PN nsem obg_ntm
/7 2
ll = Fiber-optics
[« oia
i obg_wec
| :”:-’ obw_dhgrav P& T
\\ 3 , sonic obg_wph
-~
Down-hole '°| ami sof

hi obb_dps
P&T T ogg_a_'dhpt sgc

vLO F obb_sonic
wcC
obb_denl whpt
obb_slatl dhpt :

-~ MED ~N
(Cost Ranking )

\-__/

Down-hole Microseismic 14
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AQUISTORE(Boundary Dam): MMV
B T, 77

Dmg'led for: (1) pqect/plum monitoring (2) public assurance; (3) research objedtives

Surface-based.: Down-hole

* Regional 3D seismic survey e Cross-well seismic & VSP
* Geological characterization

¢ BaslineBaime-lagse downhole electrical
* Permanent seismic array monitoring

* Time-lapse imaging ME
* Electrical/electromagnetic * Real-timeP &T

* Gravity * Passive seismic N&[q

»  Passive seismic (broadband & * Fluid sampling
short period array) . .
* Time-lapse logging

. lnSAR ,—---.--- ------------
. GPS w * Distributed ‘:
Acoustic/Temperature |
1
1

|
1
* Tiltmeters i

* Cross-well & surface-to-

. nsors (DAS/DT
* Groundwater & Soil gas s__EE_S_O_E_(___SL_E)___
monitoring LEAKAGE  Heater cable
» Carbon Isotope profile * Gravity
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Injector Observation
Well

Leak :arh
Cooking lake @

I s foraon

QUESTDCO2imBRA 2 al— 3y

4

Modedlled two hypaothetica leak rates, 6 kg/day and 600 kg/day. For referencawe
inject 2700 tonnes/day: 4000 years to leak 1 day‘s injection at 600kg/day
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EHE=21)>% @ Decatur (lllinois)

Buildup due to CO: injection Locke et al., 2015
3400 O il Uy 1,000,000
U4
Z2 (injection zone){ Ap = ~11 bar:(~1 60 psi) increase //
3350 + * — ‘ 900,000
3300 —+ | -+ 800,000
3250 - 700,000
3200 600,000

f 4 injecti one)‘Ap =~3.4 bart(~50 psi) increase

‘-_

31([)’ 400,000
- s / 29 —

—_ ﬁ-* U LN

o Z6 (96'm above injection zone):'Ap =~1.7 ban(-zs psi) increase e
‘h___—"
2950 / 100,000
2900 - T ! T S R s g e p— g e e | 0
N bk RN
ol \/\\\’ \"\"\” \"’ \\\"’ \"\”\ \.\\"’ \'”\'”’ \"’ \”\"’
o\@&(& 6"\ h\b\:@'ﬁ\'{? 0\'9 ’»\Q-s &rp %‘\w\» ‘\%\&%\\'q\é’c\&x\\' e \% Q&-\b X5 \‘? :‘b Qg\’%«') 'Q:»\O\,\"}'y
¢ Zone 1Pres(7061') A Zone 2 Pres(6983') Zone 3 Pres (6946') . Zone 4 Pres(6838')
Zone 5 Pres (6720') + Zone 6 Pres(6632') s Calc Cumulative injected mass====1000 x Daily Ave IN] Q, T/hr

Metric Tonnes

Geomechanics: Pressure change >->-> Deformation

17
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1 hr later 3 hrs later 5 hrs later 10 hrs later 15 hrs later
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WEEM AN DZKICHESHBEER (1/2)
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HEERFANSDBKIZHESHBLER (2/2)
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7" Casing

2 7/8” TRS-8Tubing
Hatpadck

Geophone TECcable

Jamp Hydraulicline spliced
fromflat pack

18 Geophones

Breakout from flatpadk

Pader
El\ﬁﬁatedouersmt

P/TGauge
| Perforated Chrome Thg
! U-tubefluid sampleinlet

Fber/Heater cable
PTGauge

Zero-Offset Source for CO2 Leak

QUEST Project Detection

Velocity change in overlying

formations

Reservoir / \
£y

Fiber Casing

Fiber optic CGLTF’ - " N COZ/ﬁ/’Eﬁﬂ

DTS - Distributed Temperature System Z/E

DAS - Distributed Acoustic System &.&

GHEBEMED

<€
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N Hydraulic Frachring Required to Produce.
Shales Ganite day Conaete Bridk Building Sone

Unconventional -

0.000001 ©0.00001 0.0001 0.001 0.01 a1 1mD 10 100 1,000

pPermeability Range of Producing Formations and Where Fracturing Is Required

Drilling Rig
&

Shale Fractures

stage 1

100

Permeability

10

&=
o
o
olll
o
-
I
3
<]
=

Shal
ReseIVoir } 0.2

<“————— 4,000 - 10,000 ft ——————> Porosity
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storage (small scale)

Ebergy Technology Number of Cumrent Number of Historical Historical Number Locations of Events
Projects Felt Events of Events M>4.0 M=2.0
Geothermal
Vapor-dominated 1 300-400 per year since 103 CA
(The Geysers) 2005
Liquid-dominated 43 10-40 per year Possibly one CA
EGS ~8 pilot 2-10 per year 0 CA
Qil and gas
Withdrawal ~6,000 fields 20 sites 5 CA,IL, NB, OK, TX
Secondary recovery ~108,000 wells 18 sites 3 AL, CA, CO, MS,
{water flooding) today OK, TX
EOR ~13,000 wells None known None known MNone known
today
Hydraulic fracturing for ~35,000 wells 1 sites 0 OK
shale gas recavery today
Waste water disposal ~30,000 wells 8 sites 7 AR, CO, OH,TX
Jwels(Class ) ________| ____teday ____ 1 ______ L e
Carbon capture and 2 None known Mone known None known

National Academy of Sciences, 2013



Weyburn (CO2-EOR) /5 DIFIGE Bl &

Magnitude

Equivalent TNT Energy Comparison
Radiated Energy
480 kilograms Large potash mine eorthquoke
15 kilograms Small potash mine earthguoke
480 grams 10 ton trucks collide
15 grams Jump off a tall buiiding
PR el
s OS5gram > \ 30-30 rifle bullet

/

Ega ‘ i -
| 15 miligram | Drop a lorge dictionary
\ i / _
\ \D.S miligram Breck a small stick
-

T==T o)

Red = Weyburn CO, injection micro-earthgquake sizes
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SECARB Commercialization -Seismometer '-..n _—— =l (U ¥_
Opportunities i . *ﬁ @EGL#7 ;_
A :Injector ’ 3 f_-.f---
:Producer Lr < .. h’hg
A :Injector (PIn) @243 :"" _‘_ '.L..;;
S e
Injector(PIn L‘ - ,___ 7 @31DAS

2012E7JEJ Denbury*id:b)?ﬂ

s i i 2007 ~ £ ABH%8 . BE(Z400AtE A FE (1005t/4)
o NRENELE S (26 4) 201112 KXY EBIBSG; 20153 EAIRT
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E|Decaturt-1 ~DO/MNRENEBIEHI (1/5)
o eet i
‘B?/garl m 675 ft msl
C C el
Nﬁcmse'ﬁmc 2%?2 F omsl
;bIanYy L |
OYO Geophone Array GM1 | s
29 ‘
2000 — — 2000
. 1 P angsiorCr—.
1
ij!-L W ﬁﬁ;ﬂ“ %EE/ zaxis
= - ccs1 o
=T:31R8
-4000 — —-4000
1
= Vertical
Greenberg, 2015 st SEORRS LRy VW1 Westbay - EXﬂgegefaﬁoni
Zones (perforations 1j? 0.5X
-6000 — P 0
Injection Zone Base 0 0 -
from Schiumberger Carbon Services Y, — S —TP= 7236 feet MD'} -6000
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*E Decatury 1 D /IMNREVER RIS 51 (2/5)

KEY TO STATIONS: = : MGSC
0 uscs sarehol ! Installed
© USGS Surface o | _ .
Five

Surface
seismic
Stations:
ADM1-5

Finley, 2013

e [ |—
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*E Decatury 1 D /MR EVER RIS 151 (3/5)

General Trends in Activity:
Moment Magnitudes vs. Time

® Magnitude > -1
Magnitude < -1
® Magnitude = -1

Moment Magnitude

from Schlumberger
Carbon Services

T . T . T ' T Greenberg, 2015
2112 5/11/12 8/19/12 11/27/12 3/7/13

Time
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*E Decatury 1 D /MR E)ER RIS 15 (4/5)

Microseismic Cluster Activity:
Cluster Locatns with Relatio to Surface

ol ‘
o
f

Moment Magnitude
Jan 18, 2012 — July 31, 2013

i

Greenberg, 2015

from Schlumberger
Carbon Services
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Decaturt - D /MR E)ER RIS 151 (5/5)

Microseismic Locations

® Dec 15, 2011 — May 31, 2015 |
| © June 1, 2015 — June 30, 2015

Micro seismic
Cluster
Activity:
Relationship
to Basement
Structure

Greenberg, 2015

from Schlumberger
Carbon Services
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A Dense Microseismic Monitoring Network @Tomakomai
(offshore)

o S

- A ]
‘.‘. (e

2 N Onshore £
| seismometer |

_" . 5 ', ; N Y 1 ‘ ﬁy i \‘ k )
e Observation well OB-2 for [ I e A
P Moebetsu Formation ' 2 Injection wells [§ S U= '
sty (vertical) (Deviated) LW :
— T\ < B : i . #8  Observation well OB-3
i| Observation well OB w, PR = y S & for Takinoue Formation
A Takinoue Formation i s o P\ (o9 =l e . e SESRIRETS Do vertical)

converted from survey well

(Deviated) Y | W g e . _ NS0 i
TEEE - NG T i ; , A B TS - e . -_ : \"‘!\. :

Working area of 3D seismic survey

OBS: Ocean Bottom Seismometer

Googleearth N A
Tanase, 2015 N

Image & 2013 DigtalGlobe
Data S10, NOAA LS Havy, GA CEBCO
Image & 2013 Jerralletrics | 3 km
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Risk =Consequence Severity x Probability

Scientific Knowledge Evidence-based Risk Communication

Risk =Hazard + Out
m |
= ; Pressure recovery
o ! Secondary trapping mechanisms
o - i~ Confidence in predictive models  «
5 s i S o : ; '
& < i ~ i
7 i S 5
/ ; N ;
: N i
// E N :
i S ;
L s S
z ; N
Injection Injection 2 ¥ Injecticn 3 x Injection n x Injection
begins ends pericd period pericd

[llustration source: Benson, 2007]

Reducing Uncertainty /Mitigating Risks

to the Manageable Levels ! -



