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— Major Research Program Elements

m ZERT (Zero Emissions Research
and Technology): Fundamental
research on geological storage

GeoSeq: Scientific field testing
and analysis of gLeoIogic storage Demonstration and

m WESTCARB: Pilot testing to deployment
demonstrate the potential for
: ) Fundamental
CO, storage in deep geological Knowledge
formations and enable
deployment of CCS technology




ZERT Program at LBNL

m Reactive flow and transport modeling

— TOUGH?2

— TOUGHREACT
— TOUGH-FLAC

STATE UNIVERSITY

m Monitoring and verification

— Seismic detection i
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— Novel methods
m Multiphase flow st

' Pacific Northwest National Laboratory
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— Capillary trapping




Accurate Multiphase Flow and Transport of
CO,: ECO2N

m Accurate fluid property
i _‘ ERNEST ORLANDO LAWRENCE description for

Il BERKELEY NATIONAL LABORATORY

. SCoRN:A ToUGH2Hid propery water/CO,/NaCl mixtures
Two fluid phases and salt

Applications to studies of
reservoir dynamics, storage
capacity, physics of
Immiscible displacement, CO,
leakage




Application of TOUGHZ2 to Flow
Up a Leaking Well
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New Web-based Equation of State for
CO,-Gas Mixtures

Physical Properties of Real Gases
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— ZERT: Detection of Surface Seepage

m Controlled release experiments
— Simulated leaking well
— Simulated linear facture

m Bozeman, Montana
— Agricultural experimental site

m Detect, locate, quantify

: i ﬁr;Huxchamber~
Eddy covariance | | Koy

Flux accumulation chambers s PO
Soil gas S N e | Courtesy of

Optical techniques e NGNE EEE  Jennifer Lewicki,
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- Core-Scale Studies of CO, Migration
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Photo r%on age of CO,
saturation along the core. Dark
areas have not been penetrated
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Core holder used foi CO, flood
experiments with x-ray CT




- Pore-Scale Studies of CO,, Migration
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Pore-Scale Images of a Saline Formation

sandstone




GEOSEQ: LBNL’s Role in the Frio Brine Pilot

Pre- and post-test modeling

Geophysics
— VSP
— Cross-well

Pressure
transient
analysis

Tracers




Pre- and Post-test Modeling

m Pre-Test Modeling

— Design of Experiment
= How much CO, to inject
= Where to inject
= Well separatiojw for timely/economical breakthrough

— Design Site—Chav\Lacterization Studies

= |nterference well-tests

= Doublet trace\j test

— Predict CO, arrival at observation well
— Predict spatial distribution of CO, in subsurface

Post-Test Modeling - compare model results
U-tube sampling — CO,, arrival at observation well
RST — saturation profiles in wells
Crosswell seismic — saturation distribution bet
VSP — saturation distribution beyond wells




Modeled CO, Distribution Agreed Well
with Observations
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~ Geophysics: VSP
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Extent of the CO, Plume
VSP and Model

November 30, 2004 Shotpoints (LBUL Labels)

3320000

3315500

Model: Gas Saturation
VSP: Change in Amplitude

21000 321500 322000 322500 323000

E (m)

Model: Gas Saturation
VSP: Change in Amplitude

100 200 300 400
Offset from Injection Well (feet)

o
8
i

VSP: Change in Amplitude

Model: Gas Saturation

Courtesy of Chris Dc
and Tom Daley of LI

w

(=]

<o
(=]
[=]
o

100 200 30 400
Offset from Injection Well (feet)




— Geophysics:Cross-well Saturation

Patchy Model Uniform model

S,, from Filtered & Vp Mov 15 S, from raw & Vv Hov 15

S,, from Filtered A\lp Nov 15 S, from raw & Vn Nov 15

Data from Mike Hoversten,




CO, Breakthrough and Tracer Recovery
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Ite Selection Tool Screening
~ Geologic Storage Sites
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WESTCARB Pilot Tests

WESTCARB CO2 Sources,
Potential Sinks,
and Pilot Test Sites

m Rosetta-Calpine Carbon Ve e
] 850.K - 1.5M

Sequestration Project G B

Sedimentary Basins
Industrial CO2 Sources

0il & Gas Fields (AZ & CAonly) |

= Northern Arizona Saline |
Formation CO, Storage Pilot

¥ Geologic Storage Pilots
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m TransAlta Centralia Geologic
Storage and ECBM
Assessment

o
0 300 600 1200 Miles




Rosetta-Calpine Carbon
Sequestration Project
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1.8 GtCO, storage capacity in depleted gas fields in Sacramento Valley (128 fields)

Estimated 140-840 GtCO, storage capacity in saline formatlclns in California based on
ten largest basins




Rosetta-Calpine:
Geological Cross Section

1/17/1961 12/2/1960 7/19/1960
0 3 +
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pilot test (—2000 tonnes

f Depleted gas and EGR
\} O -
f_ ) CO, injection)

o - Saline formation pilot
| test (—2000 tonnes CO,

Injection)

Compliments of Rob
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— Rosetta-Calpine: Two-well Pilots

Tube ‘ Tubes
ealing Flange

Fluid and gas

. CO2 Injection Observation
sampling Well M |
Cross-well 1
seismic

Rosetta-Calpine Carbon Sequestration Project Inflation | Sampling
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Including
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Northern Arizona Saline Formation
CO, Storage Pilot
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Large but uncharacterized storage eastern Arizona
capacity in the Colorado Plateau and
basins of northern Arizona




Northern Arizona Saline Formation
CO, Storage Pilot
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WESTCARB Capacity Estimates for California

Status of Sedimentary Basins
in California

m Oll reservoirs

— 3.4 Gt CO, with
miscible displacement

— 3.8 Gt CO, total

m Gas reservoirs
— 1.8 Gt CO,

m Saline formations
— 140 to 500 Gt CO,




~— Capacity of Saline Formations

% separate
phase CO,

% pore volume
P ; Range of Saline Formation Capacity
occupied by

\
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——Outreach
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Down with Greenhouse Gas

Way, way down. LBL's Sally Benson leads an effort to fight global warming by hiding COZ deep underground.
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Carbon Dioxide
Capture for Storage
iIn Deep Geologic
Formations

Results from the
CO, Capture Project

News & Features
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Summary for Policymakers and Technical Summary
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Carbon Dioxide Capture and Storage:
Overview with an Emphasis on
Geological Storage
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— Major Research Program Elements

ZERT (Zero Emissions Research
and Technology): Fundamental

research on geological storage

GeoSeq: Scientigic field testing

and analysis of geologic storage Demonstration and
WESTCARB: Pilot testing to deployment
demonstrate the potential for

: ) Fundamental
CO, storage in deep geological Knowledge
formations and enable
deployment of CCS technology
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