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Presentation Overview

* DOE’s Program Summary (where do BPM's fit)

* Transferring lessons learned from the field
* Purpose of DOE’s BPM
» DOE’s Best Practice manuals update

» Other DOE Programmatic Documents

F_ NATIONAL ENERGY TECHNOLOGY LASORATORY

Litynski p.1



West Coast Regional Carbon Sequestration Partnership
Annual Business Meeting

Sacramento, CA
October 19-20, 2010

U.S. DEPARTMENT OF ENERGY e OFFICE OF FOSSIL ENERGY
NATIONAL ENERGY TECHNOLOGY LABORATORY

Core R&D Infrastructure Global
Collaborations
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A Sequestration Partnerships A Technology NO“\'&ATP”CS Energy

- Geologic Storage - i orking Group

Solution:
Characterization > N
Carbon Sequestration
Monitoring, Verification, Leadership Forum
and Accounting (MVA) Validation
International
Simulation and Development Demonstration Projects

Risk Assessment

Canada
Norway
- COAUEERE - - Lessons (Sleipner and Snovhit)

Germany (CO2Sink)
Lessons Ceaued Australia (Otway)
[ e Afca (in-Saia)
Other Large-Scale Projects Asia (Ordos Basin)
Benefits Benefits Benefits
* Reduced cost of CCS * Human capital + Knowledge building
* Tool development for risk « Stakeholder networking * Project development
assessment and mitigation « Regulatory policy development « Collaborative international
« Accuracy/monitoring quantified « Visualization knowledge center knowledge
* CO, capacity validation - Best practices development + Capacity/model validation

* Indirect CO, storage o Pulsle auiEeh ais celEEsn + CCS commercial deployment

— e ———
Demonstration and Commercialization Carbon Capture and Storage (CCS)
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Regional Carbon Sequestration Partnerships
Developing the Infrastructure for Wide Scale Deployment

Seven Regional Partnerships
400+ distinct organizations, 43 states, 4 Canadian Provinces

Characterization Phase (2003-2005)

Search of potential storage Found potential for 100’s of
locations and CO, sources years of storage

WESTCARB I\ /
C

Validation Phase (2005-2011)

20 injection tests in saline formations, depleted oil,
unmineable coal seams, and basalt

N/

Development Phase (2008-2018+)

* Engage regional, state, and local governments

« Determine regional sequestration benefits 9 large scale z Regulatory,
s Commercial scale i 2
. i i i injections (over 1 X liability, ownership
Basellfle reglo'n f?r sources e'arlld sllnks Gililon tons sact) understanding s
« Establish monitoring and verification protocols. s —
* Address regulatory, environmental, and outreach issues
? * Validate sequestration technology and infrastructure NATIONAL ENERGY TECHNOLOGY LASORATORY
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Transferring Lessons Learned from the Field

(1]
BSCSP

A

WESTCARB

Completed 17 Injections

Over 1.35 M Tons injected

—_

Small-Scale Geologic Field Tests

Saline formations
(3,000 to 60,000 tons)
Depleted oil fields

N (50 to 500,000 tons)

Coal Seams
/ (200 - 18,000 tons)

Basalt formation
(1,000tons)

@ 'njection/Test Complete
@ Injection Ongoing
(2010 Injection

O Project moved to Phase IIl
(Injection 2010/2011)
NATIO

RCSP Formation Geologic
Type Province
Big Sky Saline ® Columbia Basin
MGSC Qil-bearing | lllinois Basin
X JO)
Saline®
Coal seam
MRCSP Saline Cincinnati Arch,
000 Michigan Basin,
Appalachian
Basin
PCOR Oil-bearing | Keg River,
o0 Duperow,
Coal seam | Williston Basin
SECARB Qil-bearing | Gulf Coast,
@ Mississippi Salt
Saline Basin, Central
Appalachian,
Coal seam | Black Warrior
®e Basin
SwpP Oil-bearing | Paradox Basin,
®e Aneth Field,
Coal seam | Permian Basin,
San Juan Basin
WESTCARB | Saline Colorado
Plateau
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Terrestrial Sequestration Field Tests
— Tree-plantings
—  No-till farming
— Wetlands restoration

— Land management: grasslands, grazing lands

— Fire management
— Forest preservation
— Monitoring, verification, and

accounting (MVA) technologies

Terrestrial Project Categorization
I Agricultural soils

. Soil Reclamation
[l Afforestation
. Accounting/Aggregation

. Wetlands Reclamation

NATIONAL ENERGY TECHNOLOGY LASORATORY

RCSP Phase lll: Development Phase

Major Milestone - Large-Volume Geologic Field Tests
v Nine large-volume tests
@;One Injection initiated 2009

ore Sampling
Taken

Infrastructure _ ascursen

nearly complete ey issues s waspares  Publications
News Release

1\ reseancH
"L {, Flsiisa Dade: Nierrisor 5. 200
é § | LA, TecwoLo0es

i Praject Hits 1-Milli Milestone for

ENEROY ANALVHE. Injected €O
Project Helping Further £CS Technalogy and Meeting G-8 Goals for Deploymrent

EOLICITATIONS & BUSNESS:

EDUCATIZN

HEwsADOM

CONTACT hETL

®

Injection
Started

Q Injection ongoing Over 1,000,000 Tons injected at SECARB site
(O Injection Scheduled 2011-2015
Note: Some locations presented on map may

NATIONAL ENERGY TECHNOLOGY LASORATORY
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DOE’s Best Practice manuals update

_ NATIONAL ENERGY TECHNOLOGY LASORATORY

Best Practice Manuals
Communicating Lessons Learned

Version Final
Version 1 2 Guidelines
(GLEEET)] (Phase (Post
1) Injection)

Best Practices Manual

Monitoring, Venf!catlon and 2009 2017 2020
Accounting

Public Qutreach and Education 2009 2016 2020

Site Characterization 2010 2016 2020

**3imulation and Risk Assessment 2010 2017 2020

**Well Construction, Qperations and 2010 2017 2020
Completion

Terrestrial 2010 2016 — Post MVA Phase Il

NATIONAL ENERGY TECHNOLOGY LASORATORY
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Best Practice Manuals (BPMs) are
Important Program Outputs
BPMs demonstrate to the public,

regulators and policymakers that
geologic storage is a safe effective

GHG control technology ) e
LT \ hsm, e |

BPMs provide technical guidance M‘/’ = e =

on key components of a storage ’ ‘ ;‘:;‘:;é;“—- 3

project = é’ = =~ 5

BPMs build upon knowledge and /:,, % _;‘- —

experience gained from the RCSP S S 'fi?

efforts and industry I

BPMs provide Information to
potential developers of commercial
CCS projects
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Monitoring, Verification, and Accounting of CO, Stored
in Deep Geologic Formations (Jan 2009)

Based on DOE Supported and

the EHERDY lab

leveraged monitoring activities N=TL
BEST PRACTICES for:

- RCSP PrOQram Monitoring, Verification,
and Accounting

— CoreR&D of CO, Stored in Deep
Geologic Formations

— International Projects

— Industrial applications

EH

Regulatory requirements and
associated monitoring needs —H:

35 Technologies divided into:

—  Primary

— Secondary RATIIRAL BHETY TRCHNOLOGY LARSRATONY 'Eim
— Additional
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Public Outreach is Key for Project Success (Jan 2010)

* Focused on project developers
» Based on practical RCSP experience
* Do your homework

— Integrate outreach with project

management

— Establish an outreach team

— ldentify stakeholders
— Conduct and apply social

characterization
» Develop plans and materials
— Develop plan tailored to community

— Develop key messages

— Tailor materials to audience
* Implement, Assess and Refine

—_

N=TL

the ENSRGY lab

BEST PRACTICES for:

Public Outreach
and Education for
Carbon Storage Projects

MATIONAL ENE?CY TECHNOLOGY LABDRATORY

@EeiEray

NATIONAL ENERGY TECHNOLOGY LASORATORY

Site Screening, Site Selection,
and Initial Characterization (June 2010)

NETL '

BEST PRACTICES o

it Screding, Site Selecbon.
and Initial Characterization
for Storage of €O, in Deep
Gealogic Farmations
|

Ptrobum bidestsy

€0, Grobengical Stamnp:

Reserves
O Producion

Apreeuse
Developmen

Integrating Exploration Phase
evaluation processes into one
consistent (industry standard)
framework, terminology and
guidelines for communicating
“project” related storage
estimates

Framework integrates
processes and lessons learned
from RCSP field projects into
the Classification

Provide stakeholders and
greater sequestration
community process and
guidelines for site evaluation

**Adapted from SPE_WPC_AAPG_SPEE

NATIONAL ENERGY TECHNOLOGY LASORATORY

Litynski p.7



West Coast Regional Carbon Sequestration Partnership
Annual Business Meeting

Sacramento, CA
October 19-20, 2010

* Fundamentals of risk
assessment
— CCSrrisks
— Tools and approaches
* Simulation of subsurface
processes
— Hydrologic, geomechanical,
thermal, geochemical and
biological
* RCSP experience in application
of risk assessment and
simulation
— Case histories
* Inform MVA Plans, validate
performance, quantify risks for
project management and liability

p

Risk Assessment and Simulation (Dec 2010)
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Project Planning Activities
— Financial Planning
Continue Public Outreach

— Project Review

Camart 4 "“]a — Access Issues
i _:g — Project Design
R 3 - Project Plans
S | — Permit Requirements
§ — Siting and Permits
s
1 -}
bk | Ej » Site Preparation
o 5Bl — Site Security
o — Site Access
: — Facility Layout
Cement i 4
| __ B — Well Locations
= ?%mW —  Well Pad Preparation .
— | 5 — Piping
i Ca\‘nrg.m 8
rmg ig 3

el o

Well Construction and Operations (Dec 2010)
Guidance for Potential Project Developers

Drilling and Completion Operations

Injection Operations

Post Injection Operations
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Well Drilling

Well Construction

Well Development/Stimulation
Evaluation and Testing
Pre-Injection Baseline Monitoring

Review of Drilling Results
Justification for Additional Wells
Equipment

Injection Process

Mitigation Activities

Produced Water

Long Term MVA
Plugging and Abandonment
Site Closure
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Best Practices for: Terrestrial Sequestration
of Carbon Dioxide (Dec 2010)

Terrestrial Sequestration is the storage Research TOCUSEd onimproving management
practices resulting in an increase in the

of COZ in soils and plants amount of CO2 that can be stored in soils
and plants

Best Practice Manual

Purpose:
To provide information for those considering terrestrial sequestration projects and
those considering regulations/legislation governing carbon emissions caps

Topics covered include:

* Land types and management methods that can maximize carbon storage in
vegetation and soil.

* Analytical techniques necessary MVA for terrestrially stored carbon

+ Status of GHG trading and the institutions involved

» Case studies of the RCSPs terrestrial field trials

_ NATIONAL ENERGY TECHNOLOGY LASORATORY

Geologic Reservoir Classes for CO, Storage

NATIONAL ENERGY TECHNOLOGY LASORATORY
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Depositional Environment Affects CO,
Behavior in Reservoirs

+ Architectural framework created
during deposition affects the
behavior of CO, in areservoir

— Flow

Chemical reactions
Pressure
Injectivity
Containment
Efficiency

+ CO, Storage Classification System
focuses future R&D field test efforts

NATIONAL ENERGY TECHNOLOGY LASORATORY

Reservoir Depositional Classification Schematic

Sequestration Formation Classification 2010
Seals

DOESs Oil Reservoir |
Classification
from 1990’

Rock
Classification

Geoscience Institute for Ol and Gas Recovery
(Lithology) Researc|

Classification in 199

Shales
Lacustrine, Fluvial, Alluvial, Near Shore & Open Ocean Marine Environments

Fluvial/Braided Stream
Fluvial Fluvial/Meandering Stream Class 5 Reservoirs. Fluvial
FluviallUndiflerentiated
Alluvial Fan Alluvial
Strandplain/Barrier Cores and
Shorefaces
Strandplain e ———— Class 4 Reservoirs. Strancplain
Strandplain/Undifferentiated
Siope-Basin
Turbidites Class 3 Reservoirs. Turbidite
Basin
Sedimentary Eolian — Wind Blown: Clastics and/or Carbonates Eolian
ine — Lake Deposited: Clastics, Carbonates, Evaporites cust Evaporites (from various Lithology Deposited in Arid Settings)

Shallow Shelf/
Open

Dolomitization
Massive Dissolution
Other

Shallow Shelf/
Restricted

Dolomitization
Massive Dissolution
Other

Reef

Dolomitization
Massive Dissolution
Other

Class 2 Reservoirs.

Shallow Shelf

Reef

Dolomitization

Shelf Margin Massive Dissolution
Other

Slope-Basin Other

Basalts

Basaltic Interflow Zones

Igneous.
Granitic

NATIONAL ENERGY TECHNOLOGY LASORATORY
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Field Testing CO, Storage Classes

Matrie of Fleld Activities In Different Reservolr Classes
Lovwrar or
Unkricram
Poterttial
High Potortial Rasareoirs Mediurn Potantal Ressreairs Rasarvoirs
Larga Soala Fleld
Tasts = 1 = = 1 E = 1 = - =
Srreall Scale Fald Tasts a 2 4 1 2 - - 2 5 1
tta Charactarization 1 - &8 1] - 3 k| A 2 1
2 M E - H ] a 5 [
I & g s E B 4 E =] 4 =
3 =) | = & 4 = g =
pra = = o e
a z = L]
& 2 = i 3
i = =
L=l
Tra number inifa el s the rumber of Irvasigations par depaostional arvincnmesa.
Larma Scala Flotd Tasts - Injaction of over 1000000 fors of 001,
Emall 5cale Alokd Tests - Injection of ks than 500,000 ors of 00,
ShieTraracton @ don - Traracion & the subsuriaco at 2 kncation with tha poiemiil boinject 2t keat 30,000,000 bonsof 00,
Rasaivolr poismitl s wona infared from peaircleum incusiry chita and fsld data from tha sequesitaiion program.
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

* This comprehensive handbook provides an update on | | i
DOE/NETL R&D efforts on advanced CO, capture """- 4
technologies for coal-based power systems. N

* Prepared by the Existing Plants and Sequestration
R&D Programs, the report tracks the progress of
DOE/NETL pre-combustion, post-combustion, and
oxy-combustion technologies for CO, capture.

* The handbook is available for download on the NETL
website at these two locations: |

http://www.netl.doe.gov/technologies/coalpower/ewr/index.html

http://www.netl.doe.gov/technologies/carbon seq/index.html
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

Chapter 1: Introduction stressing the importance of developing \
cost-effective advanced CO, capture technologies. ‘

Chapter 2: Description of DOE/NETL’s CO, capture R&D

program.

L3
Chapter 3: Overview of the three basic configurations for CO, ETE
capture — pre-combustion, post-combustion, and oxy- N
combustion. _ Y Qe @

Chapter 4: Provides some of the basic scientific principles and important
operating parameters for the various CO, capture technologies.

Chapters 5 through 10 report on the status of DOE/NETL’s R&D efforts for pre-
combustion capture; post-combustion capture; oxy-combustion; oxygen
production; chemical looping; and advanced compression, respectively.

Chapter 11: Review of DOE/NETL’s CO, capture R&D collaborations.

Appendix: Provides detailed information on the status and results of the current
portfolio of DOE/NETL’s CO, capture R&D projects.

|
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DOE/NETL Advanced CO, Capture R&D Program:
Technology Update (September 2010)

Project Tirke:
€0, Capture from IGEC Gas Streams Using AC-ABC Process

Tocknslogy Arva:
Pro-Combustion Sohent:

Tachuabogy Maturity:
Piloe-scale wezg scesal sympas

Primary Project Geal:

sx_r_.mum s deviiepiag. for impraned gasification sombiond ool (IGCC1baced sower sl 3

uhn o (003 cxpmes Wehoology based 08 B4 w4 o 5 h&"*wtﬂ):ﬂkww:f‘m:
::::: ud sciuton contuming smmscsem catbozate (AC). which react wish £0; 1o form smmogmim
ntaslbimate (AL

tachaslogy is hased on e use of a6 squesas smmoniated solusion seatuizing AC, which pacts with

co 0 foeem ABC

- ﬁl T 1o

-

-

[Ty e—r—

e semmomisted selition is wied 1o capoure C0, and kydiopes. selfide (M5 from syeshes:
hagh prvsioe. This sechongue coduces the sate of the C0; shppen and speasies at

sy L g soveam
1 with e sobimet, bust i cas e recryed dusing the egeewison, The meosia

hagh
vducing CO, comprevaen movds Do swduce sleciine prwe omumpbon A b bigh st
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FY 2011 Programmatic Documents

v w——
s

+ Carbon Sequestration Atlas
of the United States and
Canada

+ DOE CCS Roadmap

e wan vy

+ Carbon Sequestration R&D
Program Plan

http://www.netl.doe.gov/technologies/carbon
_seq/refshelf/refshelf.html

+ Carbon Sequestration Project
Portfolio updates

— 50+ new projects

—_
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For More Information About the NETL
Sequestration Program

oNETL website:
—-www.netl.doe.qgov

«Office of Fossil Energy
website:

-www.fe.doe.gov

Reference Shelf

¢ Annual Regional Carbon
Sequestration Partnerships
Meetings

U8 CERARTMENT OF

John T. Litynski

Technology Manager,

Sequestration Program

National Energy Technology Laboratory
U. S. Department of Energy

(Tel) 412 386-4911
john.litynski@netl.doe.gov
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