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Enhanced Oil Recovery IndustryEnhanced Oil Recovery Industry

The EOR Industry  has been capturing, transporting, injecting The EOR Industry  has been capturing, transporting, injecting 
and managing COand managing CO22 for over 35 yearsfor over 35 years

38 million 38 million tonnestonnes of COof CO22 are injected each yearare injected each year

8080+ + projects worldwideprojects worldwide

230,000+ bbls of oil are produced each day230,000+ bbls of oil are produced each day

Extensive regulatory experienceExtensive regulatory experience

EOREOR is A Well Grounded System for Deep Geological  is A Well Grounded System for Deep Geological  
Sequestration of COSequestration of CO22 ..............
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SACROC UnitSACROC Unit

Oklahoma

Texas

Anadarko Basin

Fort Worth Basin

M
idland Basin

Delaware Basin

First COFirst CO22 injection in 1972injection in 1972

68 million 68 million tonnestonnes COCO22 injectedinjected

Current Injection:  5 Current Injection:  5 MMtpyMMtpy

Current Production: 30,000 Current Production: 30,000 bopdbopd

3,000+ 3,000+ wellborewellbore penetrationspenetrations

Notes: Notes: 
Initial COInitial CO22 (35 (35 MMtMMt) came from high CO) came from high CO22 content content 
natural gas production in Val Verde Basin.  Prior natural gas production in Val Verde Basin.  Prior 
to SACROC, COto SACROC, CO22 was being vented to Atmosphere.was being vented to Atmosphere.
WeyburnWeyburn: 9 million : 9 million tonnestonnes toto--datedate
SleipnerSleipner: 7 million : 7 million tonnestonnes toto--datedate

Hockley Lubbock Crosby Dickens

Terry Lynn Garza Kent

Gaines ScurryDawson
Borden

WellmanWellmanWellman

Adair FieldAdair Field

S. BrownfieldS. Brownfield

Reinecke FieldReinecke Field

500'

500'

Diamond M FldDiamond M Fld

SACROCSACROC

Horseshoe AtollHorseshoe AtollVealmoorVealmoor



3

Enhanced Oil Recovery with COEnhanced Oil Recovery with CO22

COCO22 SourceSource

NaturalNatural

AnthropogenicAnthropogenic

TransportationTransportation

InjectionInjection

ManagementManagement

ProductionProduction

Five primary Components ......Five primary Components ......

All Components have direct applicability to COAll Components have direct applicability to CO22
Sequestration ......Sequestration ......

From From MisubishiMisubishi Heavy IndustriesHeavy Industries
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Transportation Transportation –– U.S. NetworkU.S. Network

4,000+ miles4,000+ miles

Nine StatesNine States

Extensive Regulations Extensive Regulations 

StateState

Federal Federal -- DOTDOT

CFR 49, Part 195CFR 49, Part 195

““Transportation of Transportation of 
hazardous liquids by hazardous liquids by 
pipelinepipeline””

High reliability High reliability –– 99%+99%+
SourcesSources
PipelinesPipelines
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Transportation Transportation –– COCO22 is Uniqueis Unique
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•• Efficient to transportationEfficient to transportation
•• NonNon--CombustibleCombustible
•• NonNon--CorrosiveCorrosive

•• Liquid above 1,200 psigLiquid above 1,200 psig
•• Low ViscosityLow Viscosity

Kinder Morgan COKinder Morgan CO22 Pump at SACROCPump at SACROC
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COCO22 Injection FacilitiesInjection Facilities

Specialized DesignsSpecialized Designs

Optimized for COOptimized for CO22

Rotation SpeedRotation Speed

ValvesValves

Lube OilsLube Oils

Highly InstrumentedHighly Instrumented

Real Time MonitoringReal Time Monitoring

ModularModular

Rapid deploymentRapid deployment

High Reliability High Reliability –– 95%+95%+

WOG Dry Trail Plant COWOG Dry Trail Plant CO22 Injection CompressorInjection Compressor

Injection Control Skid at Whiting North Ward Estes FieldInjection Control Skid at Whiting North Ward Estes Field
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Management Management –– Reservoir CharacterizationReservoir Characterization

Advanced Interpretation methodsAdvanced Interpretation methods

StratigraphyStratigraphy

3D Seismic3D Seismic

DownholeDownhole logginglogging

Visualization toolsVisualization tools

WorkstationsWorkstations

SoftwareSoftware

WellboreWellbore ControlControl

New Understanding ......New Understanding ......

New Techniques ......New Techniques ......

Compartmentalized Reservoir ...Compartmentalized Reservoir ...

3D Reservoir Model of Porosity3D Reservoir Model of Porosity
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Management Management –– Monitoring Gas MovementMonitoring Gas Movement

N

CO2
fingering

RMS Amplitude 
% Difference
(2002-2000)

Dr. Tom Davis, CSM

WeyburnWeyburn TimeTime--Lapse (2002Lapse (2002--2000)2000)

Many Methods ......Many Methods ......

Observation wellsObservation wells
DownholeDownhole logginglogging
4D Surface Seismic4D Surface Seismic
3D Cross3D Cross--WellboreWellbore SeismicSeismic

Technology Continues to Evolve ....Technology Continues to Evolve ....
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Whiting North Ward Estes COWhiting North Ward Estes CO22 ProjectProject

Original COOriginal CO22 ProjectProject
March 1989 to June 2003March 1989 to June 2003
Injection: 2.7 million Injection: 2.7 million tonnestonnes
400 400 wellboreswellbores
Performance studies ongoingPerformance studies ongoing

Future COFuture CO22 FloodFlood
Startup May 2007Startup May 2007
26 sections planned26 sections planned
645 645 mmbommbo OOIP targetOOIP target
Injection: 14 million Injection: 14 million tonnestonnes
4D Seismic monitoring4D Seismic monitoring
Observation WellsObservation Wells

Future CO2 Project

Original CO2 Project

Ward County,
West Texas
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Production Production -- COCO22 RecoveryRecovery

New plants are more efficient ....New plants are more efficient ....

WOG Dry Trail PlantWOG Dry Trail Plant

Original plant 40 mmscfpdOriginal plant 40 mmscfpd

Expanding to 80 mmscfpd with Expanding to 80 mmscfpd with 

second parallel plantsecond parallel plant

Membrane TechnologyMembrane Technology

Smaller footprintSmaller footprint

Lower CapitalLower Capital

Reduced installation timeReduced installation time

Improved energy efficiencyImproved energy efficiency

Reliability: 95%+Reliability: 95%+

Plant I Plant I –– RyanRyan--HolmesHolmes

Plant II Plant II –– MembranesMembranes
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New Generation of CONew Generation of CO22 SeparationSeparation

Design evolution Design evolution ……..

Courtesy NATCO Company

0.180.180.410.4111Relative Skid weightRelative Skid weight
0.240.240.390.3911Relative FootprintRelative Footprint
17.517.55511Gas CapacityGas Capacity
5.55.52.402.4011Relative DiameterRelative Diameter

•• 55”” x 41x 41””

•• 19791979
•• 1212”” x 41x 41””

•• 19921992

•• 1212”” x 41x 41””

•• 19981998
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Value of COValue of CO22 EOREOR

•• Recover Stranded OilRecover Stranded Oil

•• Way Forward For Power GenerationWay Forward For Power Generation
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World Oil DemandWorld Oil Demand

.8.82.52.51,0751,075IndiaIndia

1.81.86.46.41,2991,299ChinaChina

25.825.820.720.7293293U.S.U.S.

ConsumptionConsumption
RateRate

(bbls / Capita)(bbls / Capita)

Oil*Oil*
ConsumptionConsumption

(Millions / Day)(Millions / Day)
PopulationPopulation
(Millions)(Millions)

Source: EIA, * includes NGL’s

73 million barrels of Crude Oil per day .....73 million barrels of Crude Oil per day .....

Demand for oil will continue to increase .....Demand for oil will continue to increase .....
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World Oil SupplyWorld Oil Supply

Source: EIA, U.S. Crude Oil Production and Consumption

Struggling to move above 73 million bbls per day ......Struggling to move above 73 million bbls per day ......
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U.S. Oil Supply and DemandU.S. Oil Supply and Demand

Source: EIA, U.S. Crude Oil Production and Consumption

U.S. Purchases 600 million $ of crude oil per day ......U.S. Purchases 600 million $ of crude oil per day ......
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U.S. Oil Drilling ResultsU.S. Oil Drilling Results

Source: EIA

Impact of drilling has been minimal ......Impact of drilling has been minimal ......
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Recovering Stranded OilRecovering Stranded Oil

Source: EIA

Impact of EOR could be significant.  Arresting decline would Impact of EOR could be significant.  Arresting decline would 
add 25 billions barrels of Oil ......add 25 billions barrels of Oil ......
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Texas Power Situation Texas Power Situation –– ERCOT Reserve MarginsERCOT Reserve Margins

Source: EIA

2008 is a 
major 
concern

2008 is a 
major 
concern

Announced
Projects
71% Coal
16% Wind
14% NG

Majority was Natural Gas
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U.S. Gas Supply and DemandU.S. Gas Supply and Demand

Source: EIA

Ongoing Imbalance .....Ongoing Imbalance .....
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U.S. Gas Drilling ResultsU.S. Gas Drilling Results

Source: EIA

Impact of drilling has been minimal .....Impact of drilling has been minimal .....
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U.S. Gas Demand U.S. Gas Demand -- Power GenerationPower Generation

Source: EIA

Gas is now an expensive fuel for power generation .....Gas is now an expensive fuel for power generation .....
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Comparison of Generating OptionsComparison of Generating Options

Source: EIA – Assumptions to the Annual Energy Outlook 2007

Scrubbed
Coal

$/mwh
Plant

Capital 18.43       
O&M 7.28         
Fuel 13.81       
Total 39.51       

, CO2 $.60/mcf, EC $4.00/tonne , NG $7.00/mmbtuAssumptions: Coal $31.22/ston

CO2 Value
Commodity (10.56)        
Emission Credit (3.70)          
Net Cost 39.55         

Gas
Combined

Cycle
$/mwh

8.77          
3.28          

50.14        
62.19        

IGCC
With
CCS

$/mwh

29.59        
9.07          

15.16        
53.82        
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SummarySummary

•• EOR ExperienceEOR Experience

•• COCO22 Transportation Transportation 

•• COCO22 InjectionInjection

•• COCO22 ManagementManagement

•• RegulationsRegulations

•• COCO22 CaptureCapture

•• EOR BenefitsEOR Benefits

•• Recover stranded oilRecover stranded oil

•• Lowers cost of power generationLowers cost of power generation

•• Close the economic gap Close the economic gap –– Cap and Trade, tax credits (wind), etc.Cap and Trade, tax credits (wind), etc.
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Back UpBack Up
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Transportation Transportation –– High ReliabilityHigh Reliability

Whiting Transpetco PipelineWhiting Transpetco Pipeline

12 12 ““ diameterdiameter

121 miles long121 miles long

Built in 1994Built in 1994

No major incidentsNo major incidents

99% + up99% + up--timetime
TexasTexas

OklahomaOklahoma
New MexicoNew Mexico

Postle Oil FieldPostle Oil Field
(WPC)(WPC)

Bravo DomeBravo Dome
CO2 SourceCO2 Source

No technological barriers.  RightNo technological barriers.  Right--aa--way is the challenge .......way is the challenge .......
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The COThe CO22 Flood ProcessFlood Process

AdditionalAdditional
OilOil

COCO22
MiscibleMiscible

ZoneZone
OilOil

BankBank

COCO2 2 CapCap

LUFKIN
Injected CO2 does remain in the reservoir ....


