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*E RCSP* Phase QO E

*RCSP: MBARFMT O Ik

RCSP Phase lll: Development Phase

Pk Large-5cale Geologic Tests
':E;:;:m‘f mj::tzlg::uneu !njection started
iy W Large-volume tests

v" Four Partnerships currently injecting CO,

v' Remaining injections scheduled 2013-2015
Metric Tons Injected to

Partnership | Geologic Province Dat
Bl JUp D
alle |
L) &

: Michigan Basin-
MRCSP S ol
i _ : Niagaran Reef
Injection began

August 2012

.,.-.

Injection Started April
2009

Start injection
October 2013

@ Injection Ongoing
() injection Scheduled 2013-2015

Anadarko Basin-

Note: Some locations presentied on map may :
Morrow Formation

differ from final injection location
&)] WESTCARB Regional Characterization
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Geologic Storage
Commercialization Value Chain

Regional Carbon
Sequestration Partnerships
Initiative

Advancing CCS through an Integrated Value Chain fromResearch to
Commercial Deployment
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RCSP Phase lll: Development Phase

Scaling Up Towards Commercialization

Fiscal Year

2008 2009 2010 2011 2012 m 2014 2015 20186 2017 2018

Stage 1-Site Operations
Site selection and characterization
. Permitting and NEPA compliance;
Nell completion and testing; Infrastructure '
ey

Stage 2- lruectlon Gpemtmns
caz procurement and transportatlon !njection operations;




CCS Best Practices Manuals

Critical Requirement for Significant Wide Scale Deployment-
Capturing Lessons Learned

Version Final
Version 1 2 Guidelines
(Phase il) (Phase {Post
1) injection)

Best Practices Manual

e L

*euitory Issues are addressed within various Manual

http://www.netl.doe.gov/technologies/carbon_seq/refshelf/refshelf.html
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Post-injection Monitoring @&EH Ak

K <<

Pre-Injection Phase: ------- 2000.12
- Site selection
- Characterization
- Design (2.5 years)

Injection Phase:
- Construction
- Monitoring
- CO, injection ------------ 2003.7

Post-Injection Phase: ‘ (1.5 years) 10,400 ton
- Ceasing injection -------- 2005.1

- Decommissioning
- Surveillance l‘ (10 years)
2015.3
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Juanes et al.,2006
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»» Permanently Sequestering CO2 in the Subsurface
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(iii) Monitoring, Verification, Accounting
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‘Well Logging (point, 1D) ----- MERE

*Crosswell Seismic & EM Tomography (2D)
------- nFHEEM R - BN 504

*Vertical Seismic Profile (VSP) (2D)

3D Seismic Survey (3D) ----- RAHERERRE
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Pre-CO, Post-CO,

-10.7(%)
Gas CO, b‘
. -11.1(%)
Lig. CO,

S.C. CO, —}— o S /\MMM
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wave velocity, resistivity

BEADEETIL

0

uncertainty

@)

Inversion

problem

RrEET—%

fluid, gas saturations
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Quter Area

1000x1000

20x20

Inner Area

320x320

5x5

Zone 2 U. | 0.225 5.5 3.19 [ 0.25 [ 2.9x10-3
Zone 2 M. | 0.225 5.5 [11.15 ] 0.25 [ 2.9x103
Zone 2 L. | 0.225 1.0 1.59 | 0.25 | 2.9x10-3
Zone 3 U. | 0.204 10.0 | 0.330 | 0.25 | 2.9x10-3
Zone 3 L. | 0.204 10.0 | 0.660 | 0.25 | 2.9x10-3
Zone 4&5 | 0.234 25.0 | 0.460 | 0.25 | 2.9x103

k(mD)

=
N

=k
—

=
=

O=MRNwWhoidh=-] 0O

Ohkuma, H. (2008)

K = (Kyok,)05, K, /K, = 1.2

0
Horizontal Distance (m)
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| 1. Data Review I
| ——————— >[ 2. 3D Reservoir Model %TOUGHZ
I

I !

[ 3. Reservoir Simulation ]

krel 4. Gassmann’ s Fluid Substitutio
|
I
: - 5. History Matching A
I -
[Pressure] [ Breakthrough Time ] ISeismic Velocity Anomalyl
\_ W,

A 4

[6. C0, Saturation Distribution]
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OB-4 |njection Well

FOI‘ \‘
m 4 \\\ -
AWon gj,, 15 Observation well

Breakthrough Logging Data Sim. RP1 Sim. RP2 Sim. RP3
time (Days) (Days) (Days) (Days)
OB-2 232-259 154 200 234
OB-3 No detected No detected No detected No detected
OB-4 325-359 201 259

Good Match!
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Simulation Results

CO253 i 0D LL 8% (7 Alvs €878

Ray paths : no travel time difference

Anomaly Size
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Nagaoka CQO2 / Seismic Tomography
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» Reservoir Model
— CO2 Distribution Simulation
- History Matching

*Bottom hole pressure *CO2 Breakthrough time
*Reservoir pressure = Seismic tomography

v Accurate Reservoir Model

v Anisotropic Permeability
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Predicted Porosity Distribution
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