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Carbon Sequestration—Validation Phase

Background

The U.S. Department of Energy (DOE) has selected seven partnerships, through its
Regional Carbon Sequestration Partnership (RCSP) initiative, to determine the best
approaches for capturing and permanently storing carbon dioxide (CO,), a greenhouse
gas (GHG) which can contribute to global climate change. The RCSPs are made up

of state and local agencies, coal companies, oil and gas companies, electric utilities,
universities, private companies, and nonproft organizations that form the core of a
nationwide network helping to establish the most suitable technologies, regulation,
and infrastructure needs for carbon sequestration. The partnerships include more
than 350 organizations, spanning 43 states and four Canadian provinces. The RCSPs
are developing the framework needed to validate and deploy carbon sequestration
technologies. The RCSPs will determine which of the numerous sequestration
approaches are best suited for their specifc regions of the country and identify
regulatory and infrastructure requirements that will be needed should policy and
economics indicate that sequestration be deployed on a wide scale. The RCSP
initiative is being implemented in three phases. The Characterization Phase began

in September 2003 with the seven partnerships working to develop the necessary
framework to validate and potentially deploy carbon sequestration technologies. The
Validation Phase of the RCSP efort (2005-2009) is focused on evaluating promising
CO, sequestration opportunities through a series of feld tests in the seven partnership
regions. Presently, activities in the Development Phase (2008-2017) are proceeding
and will continue the validation process to determine that CO, capture, transportation,
injection, and storage can be achieved safely, permanently, and economically at a large
scale. These tests will promote understanding of injectivity, capacity, and storability

of CO, in the various geologic formations identifed by the partnerships. Results

and assessments from these eforts will assist commercialization eforts for future
sequestration projects in North America.

Description

The Southwest Regional Partnership for Carbon Sequestration (SWP), led by the
New Mexico Institute of Mining and Technology in Socorro, New Mexico includes
the states of Colorado, Oklahoma, New Mexico, and Utah and portions of Arizona,
Kansas, Texas, and Wyoming. The SWP is conducting fve feld tests—three geologic
and two terrestrial—all at various stages of planning and execution, and each
designed to validate the most promising carbon sequestration technologies and
infrastructure concepts. The feld tests represent a variety of carbon sink targets,
including enhanced oil recovery (EOR) with carbon sequestration, enhanced coalbed
methane (ECBM) production with carbon sequestration, and geologic sequestration
tests combined with terrestrial tests.
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Geologic Sequestration Opportunities

The Southwest region is rich in geologic sinks, including depleted oil and natural
gas felds, saline formations, and coal beds. EOR using CO, has been conducted in
the region for over 30 years. Several hundred miles of CO, pipelines through the
region provide access to CO, near many candidate project sites. The SWP pilot-scale
injection tests are being deployed in two types of geologic sinks, piggy-backing
upon commercial projects.

Paradox Basin, Utah: Aneth EOR-Sequestration Test (G1)

Since August 2007, the SWP has been testing EOR combined with sequestration

by injecting a minimum of 150,000 tons (136,000 metric tons) of CO, per year into
the Desert Creek and Ismay producing zone, approximately 5,800 feet deep, in

the Aneth Qil Field in San Juan County near Bluf, Utah. The injection schedule is
expected to run for two years with post-injection monitoring to follow. The CO, for
this project is sourced from the McEImo Dome, a natural CO, reservoir located in
southwestern Colorado.

Accomplishment Highlights:
+ Baseline and repeat surface fuxes measured.
+ Baseline reservoir groundwater (brine) compaositions assessed.

+ Three-dimensional (3-D) reservoir model grids assembled, and initial simulations
conducted for capacity and migration analyses.

« Surface and subsurface geological maps and cross-sections refined through
new mapping.

+ Injection began in August 2007.
* Reservoir tracer testing began in July 2007; analyses are ongoing.

+ Baseline and repeat vertical seismic profles conducted.

Permian Basin, Texas: SACROC EOR Sequestration Test (G2)

This test includes a post-audit modeling analysis of injected CO, for EOR over the
last 30 years at the SACROC Unit in the Permian Basin of Texas, in addition to intense
MVA analyses of ongoing CO, injection at SACROC. Results will be used by Kinder
Morgan to defne an optimized commercial approach to EOR with sequestration

in the Claytonville feld, a nearby feld with similar geology that has not yet been
subjected to CO, injection. Kinder Morgan will begin CO, injection at Claytonville in
2010. The SACROC pilot represents an opportunity for making CO, storage history—
matching in tandem with large-scale MVA operations during injection of between
900,000 and 1.5 million tons (816,300-1.36 billion metric tons) of CO,. The target
formations are the Cisco and Canyon Formations within the Horseshoe Atoll Play
and the Pennsylvanian Reef/Bank Play.

Accomplishment Highlights:
+ Baseline surface fuxes measured.

+ Baseline reservoir groundwater (brine) compaositions assessed.
+ 3-D reservoir model grids assembled.

+ 3-D reservoir simulations successfully run, using models that are fully
parameterized with multiphase fow of oil, CO,, brine, and reactive chemistry.

« Surface and subsurface geologic maps and cross-sections refned through new
mapping techniques.

+ 3-D refection seismic survey completed.
¢ 2-D vertical seismic profle (VSP) completed.

+ CO, injection started in frst two wells in September 2008 and second two well
injection in November 2008.

PARTNERS

U.S. Department of Agriculture
University of Oklahoma
University of Utah

Utah Automated Geographic Reference
Center (AGRC)

Utah Division of Air Quality

Utah Division of Oil, Gas, & Mining
Utah Energy OFce

Utah Geological Survey

Utah State University

Waste-Management Education &
Research Consortium (WERC)

Western Governors’ Association
Xcel Energy
Yates Petroleum Corporation

COST

Total Project Value
$17,488, 733

DOE/Non-DOE Share
$12,885,933 /4,602,800




San Juan Basin, New Mexico: Enhanced Coalbed
Methane (ECBM) Sequestration Test (G3)

ThelSanlJuan’Basinlpilotitest'willlexaminelECBMIe¥cacy!
andldegreeloflCO,sequestrationlbylinjecting’35,0007tons!
(31,700imetricltons)lofiCO,'sourced fromithe!McElmoDome!
intolthelcoalslofithelUpperiCretaceouslFruitlandiformation.!
Thelprojectlproposesitoldesalinatelproducediwaterifrom!
thelECBMIpilotlandluselthelwaterforlirrigatinglalriparian]
restoration(project,.forminglalcombined ECBM/terrestrial!
sequestrationlproject.[Theltestlsitelisiat'thelSanlJuaniBasin!
CoallFairway,/near/Navajo City,NewIMexico.!

Accomplishment Highlights:

«] Baselinelsurfacelfuxesimeasuredwithfollow-uplsurveys!
on-going.

«] Baselinelreservoirigroundwaterl(brine)lcompositions!
assessed.

o] 3-Direservoirlmodelgridsiassembledliandisimulations!
underway:.

o] Tiltmeterlarraylinstalled.
*] Desalinationltestinglpermitsiacquired.
*] Baselinelverticallseismiclproflelandiwellllogsicompleted.

*] InjectionloperationsibeganiJuly2008.

Terrestrial Sequestration Opportunities

Terrestrial’carbonicapacitylinithelSouthwestiregionlisilimited!
byllowlaveragelannuallprecipitationlandlyearlyivariabilitylin!
precipitation.Evenlinisystemsimanaged:foricarbonistorage,wet!

yearsifollowedbylalseriesiofidrylyearsimayiresultiinlaineticarbon!

fuxloutlofithelsystem..Opportunity’tolincreaselcarbonistorage!
onlrangelandslisilimitedlbecauselmostiareasiarelata’relatively!
stable’equilibriumigivenllanduselhistoryland’management.
Muchlofitheldesertigrasslandlandishrubllandlareasiwithlless!
thanl12linchesloflannuallprecipitationlarelsubject’tollosslof]
coverlandlexposureitolwindlandiwaterlerosion.[Retaininglsoil]
carbonllevelslinitheselecosystemsiwilllrequirelactiverestoration!
practices'thatlarelchallenging,lgivenicurrentitechnologies.[Two!
demonstrationiprojectsiarelproposed.]

Southwest Regional Terrestrial Pilot Test (T1)

Thelterrestriallpilotitest'willl[developlalcarbonlreporting!
andimonitoringlsystemithatlfunctionsiconsistentlylacross!
hierarchicallscaleslandlisicompatiblelwithlthelexisting!
technologylunderlyingithelDOE'sIEnergylInformation]
AdministrationIVoluntarylReportinglofiGreenhouselGases!
(1605b)IProgram Withinlthis’system,thelprojectiwillachievelthel
following:l(1)ldeveloplimproveditechnologiesiand’systemsifor!
directimeasurementiofisoillandivegetationicarbonlatlreferencel
siteslselectedwithin(thelregion;}(2)/developiremotelsensing!
andiclassifcationlprotocolsitolimprovelmesoscalel(km?)soill
andlvegetationlcarbonlestimates;|(3)lconstructiecological’

process(Stateland!Transition)imodelsithat'refectisoil/vegetation!
changeslresultingifromicurrentllandluselandllandiuselassociated!

withlimplementationloflprogramsitolsequestericarbonlor]
reducelcarbonllosses;landl(4)developlalregionallinventoryland]
decisionlsupportitool. Thelvalue-added productsiofitheltestiwilll
belnewicarbonicreditslandlincreasedllandlproductivity.]

Accomplishment Highlights:

] Appliedlpatternirecognitiontechnologyitolremotelylsensed!
imageryltolclassifylrangelandlplanticommunities.

*] Usinglmodelisimulations,lidentifiedlsoil/vegetation!
combinationsithatlhavelhighluncertaintyllevels.

*] Acquiredsoilsiforitestinglandimodelicalibration.

] Completedlinitialitestsiofllaser-inducedlbreakdown!
spectroscopyl(LIBS)laslallaboratorylandifield base!
measurementitechnology.

o] Collectedlandlanalyzedsoilsifromlaridirangelandsiwhich!
showlanlapproximateldecreaselby20lpercentlinicarbon!
levelsiwith/degradationlofithelvegetationicharacterizedlby!
losslofigrasseslandlincreaselinishrubs.

] CompletedistatelandtransitionImodelsifor’severallcommon!
planticommunities](pinon-juniper,icreosote,Imesquite,’
desertigrassland)linithelregionlandidevelopediremotel
sensinglprotocolsitolidentifyldiferentistatesionllargelareas.

Terrestrial Riparian Restoration Project (T2)

Thislprojectiproposesitoldesalinatelproducediwaterifromlthe!
SanlJuan’BasinlECBMpilotitest’andluselthelwaterlforlirrigating!
alriparianlrestorationlproject,.forminglalcombined/ECBM/
terrestriallsequestrationlproject.[Theltestlsitelwill’belthel
SanlJuan/BasinICoallFairwaylnearlNavajo City,New!Mexicoland]
willlinvolvelsuchlivalue-added productsiasinewlcarbonicredits,
improvediwaterlquality,Jandlimprovedlecologicaliconditions.

Accomplishment Highlights:

o] ThislprojectlisibeingiconductedlinitandemiwithithelSWP’s]
ECBMiprojectiinithelSan’JuaniBasin.

. Applieditreatediwatertolexistingispeciesiandlcommonisoils!
usediforlrestorationliniorderitolidentifyithele Fectsionlplant!
growthlandireproduction.

Bene ts

ThislprojectiwilllbeneftthelUnited!Stateslbylprovidinglal
comprehensivelassessmentlofithelsourcesiandipotentiall

sinks forCO,Jin‘thelSouthwestregion. Thisldatalcanlbe!
integratedwithitheldata/fromlotheripartnerships'tolprovide!
a/databaselcoveringithelentirelnation. Theldatalgeneratedlby!
thelfeldtestsiwilllprovidelinformationltolevaluatepotentiall
commercial-scalelsequestration’projectsiinithelSouthwest.]
Somelvalue-addedbeneftslofithelprojectiincludelenhanced!
recoverylofloil, naturallgas,’andicoalbed/methane.!Methane!
isladsorbedlinicoals,’andICO,canireplace’thelmethaneland.
releaselit/forlrecovery.Partiofithelvalue-addedlbeneftsiforloil,
naturallgas,;andimethanelrecoverylisithatisomelofithelcostlof!
CO,storagelisimitigated_by’therevenuelfrom thelsalelofithel
recoveredlhydrocarbons./Currently,/all’suchlenhancedresourcel
recoveryloperations uselCO, drawnlfrominatural/CO,lreservoirs..
Iffalllenhancedlrecoveryloperationsiinithelsouthwestern!
UnitedStates wereltoluselpowerlplant-generatedICO, rather
thanlnatural’CO,itlislestimatedthat’thelregionicouldlachieve!
atlleastlall0lpercentireductionlinlGHGlintensity./Anladditional’
value-addedlbeneftiforithelregionlisialpotentiallincreaselin!
carbonlcredits.]
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