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Major Research Program ElementsMajor Research Program Elements

ZERT (Zero Emissions Research ZERT (Zero Emissions Research 
and Technology): Fundamental and Technology): Fundamental 
research on geological storageresearch on geological storage
GeoSeqGeoSeq: Scientific field testing : Scientific field testing 
and analysis of geologic storageand analysis of geologic storage
WESTCARB: Pilot testing to WESTCARB: Pilot testing to 
demonstrate the potential for demonstrate the potential for 
COCO22 storage in deep geological storage in deep geological 
formations and enable formations and enable 
deployment of CCS technologydeployment of CCS technology

Fundamental
Knowledge

Demonstration and
deployment



ZERT Program at LBNLZERT Program at LBNL

Reactive flow and transport modeling Reactive flow and transport modeling 
–– TOUGH2TOUGH2
–– TOUGHREACTTOUGHREACT
–– TOUGHTOUGH--FLACFLAC

Monitoring and verificationMonitoring and verification
–– Seismic detection limitsSeismic detection limits
–– Surface seepageSurface seepage
–– Novel methodsNovel methods

Multiphase flow studiesMultiphase flow studies
–– Relative permeabilityRelative permeability
–– Capillary trappingCapillary trapping



Accurate Multiphase Flow and Transport of Accurate Multiphase Flow and Transport of 
COCO22: ECO2N: ECO2N

Accurate fluid property Accurate fluid property 
description for description for 
water/COwater/CO22//NaClNaCl mixturesmixtures
Two fluid phases and saltTwo fluid phases and salt
Applications to studies of Applications to studies of 
reservoir dynamics, storage reservoir dynamics, storage 
capacity, physics of capacity, physics of 
immiscible displacement, COimmiscible displacement, CO22
leakageleakage



Application of TOUGH2 to Flow Application of TOUGH2 to Flow 
Up a Leaking WellUp a Leaking Well
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New WebNew Web--based Equation of State for based Equation of State for 
COCO22--Gas MixturesGas Mixtures

COCO22--gas gas 
mixturesmixtures

PVT propertiesPVT properties

WebWeb--based based 
accessaccess



ZERT: Detection Limits for Seismic ImagingZERT: Detection Limits for Seismic Imaging
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ZERT: Detection of Surface SeepageZERT: Detection of Surface Seepage

Controlled release experimentsControlled release experiments
–– Simulated leaking wellSimulated leaking well
–– Simulated linear factureSimulated linear facture

Bozeman, MontanaBozeman, Montana
–– Agricultural experimental siteAgricultural experimental site

Detect, locate, quantifyDetect, locate, quantify
–– Eddy covarianceEddy covariance
–– Flux accumulation chambersFlux accumulation chambers
–– Soil gasSoil gas
–– Optical techniquesOptical techniques
–– Etc……Etc……

Courtesy of 
Jennifer Lewicki, 
LBNL 

Eddy Covariance Tower

Flux chamber



CoreCore--Scale Studies of COScale Studies of CO22 MigrationMigration

Core holder used for COCore holder used for CO22 flood flood 
experiments with xexperiments with x--ray CTray CT Photo montage of COPhoto montage of CO22

saturation along the core. Dark saturation along the core. Dark 
areas have not been penetrated areas have not been penetrated 

by COby CO22..



PorePore--Scale Studies of COScale Studies of CO22 MigrationMigration

MicrotomographyMicrotomography BeamlineBeamline at the Advanced Light Sourceat the Advanced Light Source



PorePore--Scale Images of a Saline FormationScale Images of a Saline Formation

3D geometry of the pore space in 3D geometry of the pore space in 
a sandstonea sandstone

Pore network geometry from a Pore network geometry from a 
sandstonesandstone



GEOSEQ: GEOSEQ: LBNL’sLBNL’s Role in the Frio Brine PilotRole in the Frio Brine Pilot

PrePre-- and postand post--test modelingtest modeling

GeophysicsGeophysics
–– VSPVSP
–– CrossCross--wellwell

Pressure Pressure 
transient transient 
analysisanalysis

TracersTracers



PrePre-- and Postand Post--test Modelingtest Modeling

PrePre--Test ModelingTest Modeling
–– Design of ExperimentDesign of Experiment

How much COHow much CO22 to injectto inject
Where to injectWhere to inject
Well separation for timely/economical breakthroughWell separation for timely/economical breakthrough

–– Design SiteDesign Site--Characterization StudiesCharacterization Studies
Interference wellInterference well--teststests
Doublet tracer testDoublet tracer test

–– Predict COPredict CO22 arrival at observation wellarrival at observation well
–– Predict spatial distribution of COPredict spatial distribution of CO22 in subsurfacein subsurface

PostPost--Test Modeling Test Modeling -- compare model results to:compare model results to:
–– UU--tube sampling tube sampling –– COCO22 arrival at observation wellarrival at observation well
–– RST RST –– saturation profiles in wellssaturation profiles in wells
–– CrosswellCrosswell seismic seismic –– saturation distribution between wellssaturation distribution between wells
–– VSP VSP –– saturation distribution beyond wellssaturation distribution beyond wells



Modeled COModeled CO22 Distribution Agreed Well Distribution Agreed Well 
with Observationswith Observations



Geophysics: VSPGeophysics: VSP

Pre InjectionPre Injection Post InjectionPost Injection

Control Control 
ReflectionReflection
Frio Frio 
ReflectionReflection
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Data from 
Tom Daley, 
LBNL



Extent of the COExtent of the CO22 PlumePlume
VSP and ModelVSP and Model

Courtesy of Chris Doughty 
and Tom Daley of LBNL



Geophysics:CrossGeophysics:Cross--well Saturationwell Saturation

Patchy ModelPatchy Model Uniform modelUniform model

Data from Mike Hoversten, LBNL



COCO22 Breakthrough and Tracer RecoveryBreakthrough and Tracer Recovery
Fl

ui
d 

de
ns

ity
 (

kg
/m

3 ) Fluorescein
C/C

0

Elapsed Time (days)



Site Selection Tool Screening Site Selection Tool Screening 
Geologic Storage SitesGeologic Storage Sites

Spreadsheet model for site Spreadsheet model for site 
selection has been selection has been 
developeddeveloped
User canUser can
–– Evaluate and score various Evaluate and score various 

attributes attributes 
–– Specify the importance of Specify the importance of 

various attributes through various attributes through 
weighting factorsweighting factors

–– Specify uncertainty inherent Specify uncertainty inherent 
at sitesat sites
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WESTCARB Pilot TestsWESTCARB Pilot Tests

RosettaRosetta--CalpineCalpine Carbon Carbon 
Sequestration ProjectSequestration Project

Northern Arizona Saline Northern Arizona Saline 
Formation COFormation CO22 Storage PilotStorage Pilot

KimberlinaKimberlina Geologic Storage Geologic Storage 
AssessmentAssessment

TransAltaTransAlta Centralia Geologic Centralia Geologic 
Storage and ECBM Storage and ECBM 
AssessmentAssessment



RosettaRosetta--CalpineCalpine Carbon Carbon 
Sequestration ProjectSequestration Project

1.8 GtCO1.8 GtCO22 storage capacity in depleted gas fields in Sacramento Valley (1storage capacity in depleted gas fields in Sacramento Valley (128 fields)28 fields)
Estimated 140Estimated 140--840 GtCO840 GtCO22 storage capacity in saline formations in California based on storage capacity in saline formations in California based on 
ten largest basinsten largest basins



RosettaRosetta--CalpineCalpine: : 
Geological Cross SectionGeological Cross Section

Compliments of Rob 
Trautz, LBNL

Saline formation pilot Saline formation pilot 
test test ((~2000 ~2000 tonnestonnes COCO22
injection)injection)

Depleted gas and EGR Depleted gas and EGR 
pilot test (pilot test (~2000 ~2000 tonnestonnes
COCO22 injection)injection)



RosettaRosetta--CalpineCalpine: Two: Two--well Pilots well Pilots 

Fluid and gas Fluid and gas 
samplingsampling
CrossCross--well well 
seismicseismic
VSPVSP
Reservoir Reservoir 
pressure and pressure and 
temperaturetemperature
Well logs, Well logs, 
including including 
possible RSTpossible RST



Northern Arizona Saline Formation Northern Arizona Saline Formation 
COCO22 Storage PilotStorage Pilot

Large but uncharacterized storage Large but uncharacterized storage 
capacity in the Colorado Plateau and capacity in the Colorado Plateau and 
basins of northern Arizonabasins of northern Arizona

North eastern ArizonaNorth eastern Arizona



Northern Arizona Saline Formation Northern Arizona Saline Formation 
COCO22 Storage Pilot Storage Pilot 

Single well test planSingle well test planReflection from 1600 Reflection from 1600 
tonne COtonne CO22 plumeplume

VSP Results from VSP Results from FrioFrio FormationFormation 2000 tonne CO2000 tonne CO22 injectioninjection



WESTCARB Capacity Estimates for CaliforniaWESTCARB Capacity Estimates for California

Oil reservoirsOil reservoirs
–– 3.4 3.4 GtGt COCO22 with with 

miscible displacementmiscible displacement
–– 3.8 3.8 GtGt COCO22 totaltotal

Gas reservoirsGas reservoirs
–– 1.8 1.8 GtGt COCO22

Saline formationsSaline formations
–– 140 to 500 140 to 500 GtGt COCO22



Capacity of Saline FormationsCapacity of Saline Formations

Calculated Pore Volume
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OutreachOutreach

Carbon Dioxide Capture and Storage: 
Overview with an Emphasis on 

Geological Storage
Sally M. Benson

Earth  Sciences Division
Lawrence Berkeley National Laboratory

Berkeley, California 94720
smbenson@lbl.gov

Tutorial Presented at the AGU Annual Meeting
San Francisco, California
December 5, 2005



Major Research Program ElementsMajor Research Program Elements

ZERT (Zero Emissions Research ZERT (Zero Emissions Research 
and Technology): Fundamental and Technology): Fundamental 
research on geological storageresearch on geological storage
GeoSeqGeoSeq: Scientific field testing : Scientific field testing 
and analysis of geologic storageand analysis of geologic storage
WESTCARB: Pilot testing to WESTCARB: Pilot testing to 
demonstrate the potential for demonstrate the potential for 
COCO22 storage in deep geological storage in deep geological 
formations and enable formations and enable 
deployment of CCS technologydeployment of CCS technology
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