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Overview

BSCSP - Big Sky Carbon Sequestration Partnership
MGSC - Midwest Geological Sequestration Consortium
MRCSP - Midwest Regional Carbon Sequestration Partnership

D O E C b St P PCOR -The Plains CO, Reduction Partnership
a r o n o ra ge rog ra m SECARB - Southeast Regional Carbon Sequestration Partnership
SWP - Southwest Partnership on Carbon Sequestration
WESTCARB - West Coast Regional Carbon Sequestration Partnership

Regional Carbon Sequestration
Partnerships

Knowledge sharing

\ QF THE
UNITED STATES
ane CANADA

SECOND EDITION

o CARBON UTI#I’I(ND STORAGE
-
SATLAS ...

Fourth Edition

Google eart

THE UNITED
STATES

N=TL



Carbon Storage Program
2015 Technology Areas

CARBON STORAGE PROGRAM

TECHNOLOGY AREAS

CORE STORAGE R&D STORAGE INFRASTRUCTURE

G ‘,Loalc STORAGE TECHNOLOGIES EGIONAL CARBON SEQUESTRATION
3 TNERSHIPS INITIATIVE

ONITORING, VERIFICATION, ARACTERIZATION FIELD PROJECTS
COUNTING (MVA), AND — ﬁnﬂiontmoomuonﬁ)

Program Goals
Ensure 99% Storage Permanence
Improve Storage Efficiency
Estimate Storage Capacity +/- 30%
Develop Best Practices Manuals

STRATEGIC PROGRAM SUPPORT

NATIONAL SUBSURFACE ENGINEERING
NATION»?ELrlwAggEm“ " RISKASSESSMENT INTRA-AGENCY
PARTNERSHIP . CROSSCUTTEAM

Potential Benefits
Mitigate GHG Emissions
Increase Oil/Natural Gas Recovery
Reduce Capital and O&M Costs
Reduce Environmental Footprint
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Carbon Storage Program
Commercialization Value Chain

Applied S Pre-Commercial Commercial
Research LEIEL Verification Deployment
Validation
boratary | Smal/Large-Scale | Demenstration | SomAe
: y Injection Projects (ICCS, CCPI, &
Projects FutureGen)

J

Regional Carbon
Sequestration Partnerships
Initiative

Advancing CCS through an Integrated Value Chain from Research to
Commercial Deployment
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Carbon Storage Program
Mission and Program Drivers

Developing effective and economically viable enabling technologies — then
validating them in small- and large-scale (extensive monitoring) field
projects to ensure safe and permanent storage of CO, from power and
industrial source

O Industry and regulatory agencies will have the capability to monitor and
account for safe and permanent storage of CO, throughout the U.S.
(Current and Future Regulations-Onshore and Offshore)

d Demonstrate that Carbon Storage is a viable technology solution that can be
implemented on a large-scale and is safe for the environment (Public
Perception)

d Development or integration of new or adapting existing technologies, such as
seismic monitoring, to be cost-effective in order to reduce overall  storage
project costs (Commercial Toolbox)

[ Ensure technologies are ready for wide-scale deployment of CCS allowing a
diverse energy portfolio (Fossil Fuels)
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Carbon Storage Program Budget
FY12 through FY15

Carbon §torage Program Budget FY2012 FY2013 FY2014 FY2915
(Dollars in Thousands) Omnibus
Storage Infrastructure/ReglonaI Carbon Sequestration $83,190 476,961 $71.866 $66,000

Partnerships

Geological Storage Technologies & Simulation and Risk $14.978 $14,254 $16,300 413,500
Assessment

Monitoring, Verification, Accounting and Assessment $6,738 $6,412 $10,000 $10,000
Carbon Use and Reuse S778 S740 S800 $2,000
Focus Area for Carbon Sequestration Science $9,726 $9,256 $9,800 $8,500
Total $115,410 | $107,624 | $108,766 $100,000
Program Target: Since 2009, millions of cumulative 3.0 4.0 5.0 6.0

metric tons of CO; injected

FY2015 budget supports:

= Development and validation of technologies, infrastructure, and human capital through

Storage Infrastructure/RCSPs.

= Continue support of Core R&D activities, such as Geologic Storage and MVA.

= Carbon use and reuse technology development.
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Regional Carbon Sequestration Partnerships
Overview

*** Regional Carbon Sequestration Partnerships (RCSP) are a regional effort to
research and develop CCS opportunities.
= Conduct geologic characterization, small-scale and large-scale CO, injection

projects:
—_— = \ CoasT
* 19 small-scale projects OR SECARB @Wf

» 8 large-scale projects (6 actively injecting CO,)

BSCSP - Big Sky Carbon Sequestration Partnership

MGSC - Midwest Geological Sequestration Consortium

MRCSP - Midwest Regional Carbon Sequestration Partnership
PCOR -The Plains CO, Reduction Partnership

SECARB - Southeast Regional Carbon Sequestration Partnership

** RCSP field projects involve integrated system | et
testing and validation of geologic storage, )
simulation, and risk assessment; and MVA
technologies in different depositional . - \
environments. ) — B Omicse,
" x
3
OSéCARB

+* RCSP initiative comprises seven partnerships
spanning 43 U.S. States and 4 Canadian Provinces _=

of January 2015, approximately 9.3 million metric tons of CO, ha
been stored via the RCSP small- and large-scale field projects.

N=TL



Regional Carbon Sequestration Partnerships
DOE Field Activities in different reservoir classes

Geologic Storage Shelf Fluvial Shelf Coal/
Formation Deltaic .| Strandplain |Lacustrine|Eolian and Turbidite Reef Basalts
PR Clastic : Carbonate Shale
Classification Alluvial
_ Saline 3 1
Large-Scale Field
Projects? A
EOR 1 2 1
_ Saline 1 1 1 2 1
Small-Scale Field
Projects?®
EOR 2 2 1 3 2 7
NOTES:

(1) The number in the cell is the number of investigations by NETL per geologic storage formation classification.

(2) Large-scale field projects: injection of more than 1,000,000 metric tons of CO,.

(3) Small-scale field projects: injection of less than 500,000 metric tons of CO, for EOR and 100,000 metric tons for saline formations.

Site characterization: characterize the subsurface at a location with the potential to inject at least 30,000,000 metric tons of CO.,,.

(4) One large-scale project involves both EOR and saline storage
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RCSP Phase Il: Validation

Small-Scale Projects

¢ Validation of the most promising regional
storage opportunities through a series of
small-scale (< 500,000 metric tons CO,)
field projects. \’ <

=  Various depositional environments

=  Multiple formation types

>

» Field tests focused on:
* Understanding CO, injectivity

= Validating CO, storage resource potential
through characterization

* Ensuring that CO, can be injected and stored
safely, permanently, and economically

= Validating and field testing CCS technologies
through all stages leading to
commercialization

date, over 1.2 million metric tons of CO, have bee
jected over the 19 RCSP Validation Phase Field Tes

Phase

Field Test Formation Type

@ Unmineable coalseam

@® saline-bearing formation

Basalt

Oil- and gas-bearing formation

N=TL



RCSP Phase Ill: Development Phase

Core Sampling Taken Large—scale PrOjectS

/ Seismic Survey Injection Started
May 2013 Injection started
in depleted reef

February 203 ¥ Large-volume tests

Injection began
Nov 2011

v' Four Partnerships currently injecting CO,

v Remaining injections scheduled 2016

Field Project —
Geologic Formation

Partnership Metric Tons Injected to Date

Kevin Dome- Duperow

Blig) Shyy Formation

Injection starting in 2016

2 lllinois Basin Decatur-
Mt. Simon Sandstone SRl
3 MRCSP Ml(_:hlgan Basin - 304,163
Niagaran Reef
Injection began 4 Bell Creek -
. . August 2012 Muddy Sandstone LB
Injection started Injection Started April PCOR
October 2013 2009 5 Fort Nelson - Iniection TBD
crober Sulfur Point Formation J
Q Injection Ongoing 6 Early Test (Cranfield
Field) - Tuscaloosa 4,743,898
Q Injection Scheduled 2016 SECARB Formation
7 Anthropogenic Test
(Citronelle Field) — Paluxy 114,104
_ Formation
Note: Some locations presented on map may Farnsworth Unit -Morrow
differ from final injection location SWP Formation 229,060

WESTCARB Regional Characterization
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CO, Injection Volume (Thousands Metric Tons)

RCSP Phase Ill: Development Phase
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Cumulative Injection vs Program Targets

2013 Projects
Initiated:
MRCSP

PCOR
SWP

2012 Project

Initiated:
SECARB

2011 Projects
Initiated:

MGSC

2009 Projects
Initiated:
SECARB

H Cumulative Injection by
Fiscal Year
H Program Targets

2009 2010 2011 2012 2013 2014 2015 2016 2017 2018

Fiscal Years (End Date Targets)
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Big Sky Carbon Sequestration Partnership

Phase Ill Kevin Dome Site Large-Scale Storage Project

Bic Sky CARBON

. SEQUESTRATION PARTNERSHIP

Target Formation: Duperow Formation

Depositional Environment: Shallow Shelf
Carbonates (~4,000 feet)

Unique: Saline storage demonstration with
verification of storage capacity and injectivity in
regionally significant dome
CO, Source: Natural CO, at top of Kevin Dome
CO, Transportation: 6 mile, 2-inch diameter pipeline
Status:

= Preparing permit applications

= Conducting seismic surveys

= Drilling and assessing CO, Production wells

Permit: Submitting documents for UIC Class VI Permit

Producing .
W Monitoring _ injection Well

Jurassic

Madison Group
Mississippian

Devonian

"l
1 lni!ction Well (1)

y Moﬁitoring Wells (4)

Land Ownership BSCSP seismic survey area with aerial photos,
BLM. Toole County, Montana.

o 1 2
I Us. Fishand Wildlife Service Sept07.2011 — —Viles N
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Midwest Geological Sequestration Consortium
= Decatur Site Large-Scale Project

PENNSYLYANIAN

Target Formation: Mt. Simon Sandstone at ~7,000 ft depth

Depositional Environment: Fluvial (braided stream with stream-margin
aeolian and alluvial fans

< Unique: Verifying storage capacity, injectivity and containment of the Mt.

Simon Sandstone, a regional saline aquifer.

CO, Source: Archer Daniels Midland Ethanol Plant

CO, Transportation: Approximately 1 mile pipeline

Status: 999,215 metric tons injected to date.

X/ X/
0.0 0.0

>

MISSISSIPPIAN

X/ X/ X/ /
0’0 0’0 0’0 0.0

New Albany Shale

Permit: Injecting under a UIC Class | permit, but have submitted UIC Class VI
documents.

DEVONIAN

SLURIAN

ALECNRIAK

Maquoketa Shale St

ORDOYICIAN

St. Peter Sandstone

CHAVPLANIRY

Eau Claire Shale — Primary Seal
Mt. Simon Sandstone - Reservoir

cabgrly)  CAMBRIAN
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Midwest Regional Carbon Sequestration Partnership

) )
0’0 0’0

\/
0.0

) ) ) )
0‘0 0‘0 0‘0 0‘0

Michigan Niagaran Reef Trend — Large Scale Injection Project

Target Formation: Niagaran Reefs — Northern Michigan
Depositional Environment:
= Reef structures

= Pinnacle Reef development followed by subaerial exposure
which enhanced porosity and permeability

Unique: Closely-spaced, highly compartmentalized, oil and gas ™
fields

CO, Source: Core Energy’s Antrim Shale gas processing plant
CO, Transportation: 15 mile pipeline

Status: 324,163 metric tons to date

Permit: Injecting under a UIC Class Il permit

S . Monitoring
~ Well #2

Niagaran Reef (6

Showing CO, Injection ||

and Monitoring Wells
for Dover 33
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Plains CO, Reduction Partnership
Bell Creek Site Large-Scale Project

Target Formation: Colorado Group/Muddy Sandstone
Formation

Depositional Environment: Strandplain (barrier bar) and
fluvial deltaic

Unique: Verifying monitoring technologies in high
permeability reservoir (average 425-1175 mD)

CO, Source: Lost Cabin/Madden Gas Plant A
operated by ConocoPhillips -

CO, Transportation: Denbury’s 232 mile
Greencore Pipeline

Status: 1,660,570 metric tons injected to date
Permit: Injecting under a UIC Class Il permit

Map Legend

[] Pcoroutiine

Lost Cabin/Madden
Gas Plant

Partnership ~50 mmcf CO/day
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Southeast Regional Carbon Sequestration Partnership
Cranfield (Early Test) Field Project

¢ Target Formation: Tuscaloosa Formation
*+* Depositional Environment: Fluvial
% Unique: 15t U.S. and 5" worldwide project to reach 1 million metric tons of injection

/

** CO, Source: Jackson Dome
% CO, Transportation: Sonat Pipeline to Cranfield operated by Denbury Resources
s+ Status: 4,743,898 metric tons injected to date

** Permit: Injecting under a UIC Class V permit

A High Volume
Injection Test

Five Study Areas

* J 2 Psie

\ Injector

® Producer
(monitoring point)

O Observation Well

\\\\\\

carbon” Seismic interpretation
sequestration leadership forum of Cranfleld Dome
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Southeast Regional Carbon Sequestration Partnership
Citronelle (Anthropogenic Test) Field Project

Target Formation: Paluxy Formation

Depositional Environment: Fluvial Deltaic/Shallow

Marine clastics
Unique:

= Testing the CO, flow, trapping, and storage

mechanisms of a regionally extensive Gulf Coast

saline formation

= Demonstrating a fully integrated source to sink
system reflecting real world conditions

CO, Source: Plant Barry’s coal-fired generation

plant

CO, Transportation: 12-mile pipeline
Status: 114,104 metric tons injected to date
Permit: Injecting under a UIC Class V permit

Power Plant

o

CARB’ carbon

Multi-zone Single-zone

i SR Directional well
injection injection

Regional seal 5,000 ft
R | Shale baffles
NP = || 2ndbamers
| T

i Stacked safine reservoirs v e o G

: 11,000 ft ———————

<< l0igerea)

Storage




Southwest Regional Partnership on Carbon Sequestration
WP Farnsworth Unit Field Project

)
0‘0

Target Formation: Morrow Sandstone
Depositional Environment: Fluvial Deltaic Clastics
Unique: Verifying storage capacity, mechanisms and permanency

>

o
*

@,
0‘0

in a regionally significant incised valley fill sandstone -
% CO, Sources: | Em
= Agrium (Fertilizer Plant) — Borger TX =l

= Arkalon (ethanol plant) — Liberal KS
CO, Transportation: Chaparell Energy Pipelines
Status: 229,060 metric tons injected to date
Permit: Injecting under a UIC Class Il permit

@,
0‘0

>

o
*

@,
000




Regional Carbon Sequestration Partnerships

Large-Scale Geologic Tests/Key industry Partners

Amount off
Injection |Reservoir/Geologic| CO,-
RCSP | Performer |Key Industry Partners J . / . . CO, Source Status
Location Province Metric
Tons
- Vector Oil & Gas Ltd . Saline/Kevin Dome — |1 million over Naturally occurring C.Oz Drilling of first well to start
. Montana State U. | - Schlumberger Kevin, MN . produced from Kevin
Big Sky . Duperow Formation 4 yrs. September 2016.
- Bison Eng. Dome
Illinois State - Archer Daniels Midland Saline/lllinois Basin — Mt. |1 million over ADM ethanol €O, injection started .Nov' 15,
MGSC Geologic Service co. Decatur, IL Simon Sandstone 3yrs fermentation facilit 2011; 999,215 metric tons
& - Schlumberger yrs. ¥ injected . Finished 11/14
. L . . CO; injection started Feb.
MRCSP Batteluit:\t/lljetzorlal - Core Energy, LLC OtsegoMclounty, EOR(lli\glcahrlagsr;S::m 1 mli:lorns over Coreplrigce;iyinNa;llgslt Gas 2013; 324,163 metric tons
& yrs. & injected as of 1/31/15
. . ConocoPhilips Lost Cabin CO; injection started May
PCOR UNDEERC ) E:;bi?;{:vsg:rsce;t’;:; Bell Creek, MN EORGS(mdega?\éitroia:m 1 million/yr | Natural Gas Processing | 2013; 1,660,570 metric tons
g ¥ Y Facility, WY injected as of 11/30/14
- Spectra Energy Saline/Horn River Basin - mi:h'i‘:’);/z.l?of Spectra Energy’s Fort
PCOR UNDEERC - RPS Group. Plc Fort Nelson, BC vy Nelson Gas —Processing |Reservoir data being collected.
- Alberta Innovates Carbonates mixed Facilit
CO/HS y
: SD:hr}Eumrge?gzrore e Saline/Gulf Coast — 1.5 million | Naturally occurring CO; 4.7 million metric tons injected
SECARB SSEB - BEG, U. of Texas Cranfield, MS Tuscaloosa Formation originally produced from Jackson as of 1/31/15
. . planned Dome
- Sandia Technologies
- EPRI CO, injection started August
. ’ 2
SECARB SSEB - Denbury Onshore LLC Citronelle, AL Saline/Gulf Coa.st Paluxy | 250,000 over |Southern Company s Plant 20, 2012; 114,104 metric tons
- Alabama Power Formation 2 years Barry Power Station .
injected as of 1/31/15
- Southern Co.
New Mexico - Chaparral Energy LLC EOR/Anadarko Basin— |1 million over Fertilizer Plant - Borger, M:L”:\;’/g:f;;’;:gl;‘gﬁ: Ef'n)iztm
SWP [Institute of Mining| -  Schlumberger Farnsworth, TX TX and Ethanol Plant —

& Technology

- ARl

Morrow Sandstone

5yrs.

Liberal, KS

229,060 metric tons injected
as of 1/31/15
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CCS Best Practices Manuals

Critical Requirement for Significant Wide Scale Deployment-
Capturing Lessons Learned

% 2012 - Sen. Bingaman requested DOE to study induced seismicity through the National
Research Council (NRC) to look at induced seismicity during the injection of fluids
related to energy production.

+* DOE’s BMP’s have been updated to reflect the findings and recommendations of the

NRC study titled “Induced Seismicity in Energy Technologies”
Geothermal energy
Conventional oil and gas development (including EOR)

= Shale gas recovery
= CCS
NSTL -

BEST PRACTICES for:

Public Outreach

and Education for
Carbon Storage Projects

2013 Revised Edition

TECHNOLOGY LABORATORY @kiiERey

the ENSRGY lab

N=TL
BEST PRACTICES for:
Site Screening, Site Selection,
and Initial Characterization
for Storage of CO, in Deep
Geologic Formations
¥ - e ) SN
W N
2 NP
@ N iR
) g F
i
MATIONAL ENS?GY TECHNOLOGY LASORATORY oENEﬁGY

N=TL

BEST PRACTICES for:

Risk Analysis and Simulation
for Geologic Storage of CO,

NATIONAL SNEPGY TECHNOLOGY LABOYATO v @ENERGY

—
N=TL
BEST PRACTICES for:
Carbon Storage Systems

and Well Management
Activities

2 =

2013 Revised Edition

NATIGNAL EWEYGY TRCHHOLOGY LABOHATO! o  @ENERGY
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CCS Best Practices Manuals

Critical Requirement for Significant Wide Scale Deployment-
Capturing Lessons Learned

the ENSRGY lab

BEST PRACTICES for:

Monitoring, Verification,

and Accounting
of CO, Stored in Deep
Geologic Formations

Best Practices Manual

Version 1
(GLUECTER)

Final
Version 2

(Phase Ill) (Post

Guidelines

Injection)

Monitoring, Verlf!catlon and 2009/2012 2017 2020
Accounting
, Public Outre.ach and 2009 2016 2020
the ENERGY 1y Education
i‘NETL
- Site Characterization 2010 2016 2020
wam) Public Outreach :
; Geologic Storage
and Education for
Bl Cbon Storage Projects Formation Classification 2010 2016 2020
e . .
Simulation and Risk 2010 2017 2020
Assessment
Carbon Storage Systems 2011 2017 2020
and Well Management
Terrestrial 2010 AUGSIHIIE LN

Phase Il

**Regulatory Issues are addressed within various Manuals
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Focus Area for Carbon Sequestration Science
U.S. Carbon Utilization and Storage Atlases (Atlas IV and V)

Atlas IV released in December 2012 RO |25

" Updated CO, stationary source emission estimates and
storage potential of various geologic storage types

" Qutlines DOE’s Carbon Storage Program \ &

" Showcases updated info about Regional Carbon "t \ % ol .
Sequestration Partnership (RCSP) CO, storage activities reoNuTilZ n! AND STORAGE

" Highlights CCS collaborations and worldwide CCS L A s
projects Fourth Edition

THE UNITED
STATES

Atlas V scheduled for release in July 2015

= RCSP section reworked to focus on technical and
nontechnical lessons learned from the large-scale as
well as small-scale field projects

= Slight changes in format to highlight injection projects

= Information will be presented in a more visual manner
with links and resources for pursuing further
information.

http://www.netl.doe.qov/technologies/carbon _seq/refshelf/atlasIV/Atlas-I1V-2012.pdf | %NETL



http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlasIV/Atlas-IV-2012.pdf

Carbon Storage Program
Collaborating to Address Technical Issues

Global Collaborations

Leveraging Expertise with
International CCS Projects

IEAGHG R&D Program

Carbon Sequestration Leadership
Forum

London Convention/London Protocol

North American Carbon Atlas
Partnership

U.S.-China Clean Energy Research
Center

Focus Area for Carbon Sequestration

Science

— National Carbon Sequestration Database
(NATCARB)

— Energy Data Exchange

— Research on Storage Reservoirs, Seal Integrity,
MVA technologies, Computational and
Experimental Methods, CO, Utilization

Supporting Mechanisms

— Interagency and State Coordination

— ARRA Site Characterization and CCS Training
Centers

— Systems and Benefits Analysis
— University and Research Laboratory Collaboration
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Knowledge Sharing
—
. PCOR

Partnership

'Bi1c Sky CARBON
\\ SEQ!’JESTRATION PARTNERSHIP

-
3

MRCSP

MIDWEST REGIONAL

* Technical Workshop CATEON SOLESTRATON
* Domestic/International Conference
* Training-IEAGHG CCS'Summer Schoo

RECS Summer Program

WEST y
CoAst
REGIONAL
CARBON
SEQUESTRATION
PARTNERSHIP

" =, westcarb.org

-
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Storage Program Outreach Tools

*»+ Storage Program Webpage — http://www.netl.doe.gov/research/coal/carbon-storage

** The Carbon Storage Newsletter - http://www.netl.doe.gov/research/coal/carbon-
storage/carbon-storage-newsletter '

/

*¢ Major Carbon Storage Educational Resources — P——
http://www.netl.doe.gov/research/coal/carbon-storage/publications Newsletter

= Program Overview Presentations e fEn e g
*= Program Reports, Plans, and Roadmaps ! -
= Best Practice Manuals [ ﬁ , 2

Conference Proceedings and Presentation : ~ . .
est Practice
e e e = Manuals

+** Storage Project Portfolio- http://www.netl.doe.gov/research/coal/carbon-
storage/Project-Portfolio-index e
= Journals and Scientific Articles

= Project Descriptions

®= Program Fact Sheets & Storage Project —_— Journals and
widt - portfolio — FY2014 =9l scientific articles

% CCS Frequently Asked Questions — http://ww
storage/carbon-storage-faqgs

Project Fact
Sheets

http://www.netl.doe.qov/research/coal/carbon-storage =TL



http://www.netl.doe.gov/research/coal/carbon-storage
http://www.netl.doe.gov/research/coal/carbon-storage/carbon-storage-newsletter
http://www.netl.doe.gov/research/coal/carbon-storage/publications
http://www.netl.doe.gov/research/coal/carbon-storage/Project-Portfolio-index
http://www.netl.doe.gov/research/coal/carbon-storage/carbon-storage-faqs
http://www.netl.doe.gov/research/coal/carbon-storage

Thank you.
Questions ?
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