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“We are moving into a carbon-managed
world, not a carbon-constrained world." 
— R. Patrick

Rick Patrick, Vice President, Planning, Environment, and Regulatory 
Affairs, SaskPower. Personal communication (2004).





PCOR Partnership – A Global Perspective
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Plains COPlains CO22 Reduction (PCOR) Reduction (PCOR) 
PartnershipPartnership

• Phase I
– Gauge public understanding 
– Develop database for:

Sources
Sinks
Separation and transportation 
options
Regulatory and permitting 
requirements
Environmental benefits and 
risks

– Identify opportunities and conduct 
public outreach campaign

– Develop action plan for Phase II 
(Technology Evaluations)



Eagle Operating Inc.

Fischer Oil and Gas, Inc.

Plains COPlains CO22 Reduction Partnership Reduction Partnership –– Partners Partners 

Great Northern Power 
Development
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Technology DeploymentTechnology Deployment



Technology Deployment IssuesTechnology Deployment Issues

• Ecosystem impact and risk assessment

• MM&V

• Safety, regulatory, and permitting requirements



Ecosystem ImpactEcosystem Impact
and Risk Assessmentand Risk Assessment

Local Risks Global Risks

CO2 Leakage to 
Atmosphere or 

Shallow Subsurface
CO2 Dissolved in 

Subsurface Fluids
Displacement

Release of 
CO2 to the 

Atmosphere

• Biological impact 
on plants, insects, 
and animals, 
including 
asphyxiation or 
suffocation

• Mobilization of 
metals or other 
contaminants

• Contamination 
of potable 
water

• Interference 
with deep-
subsurface 
ecosystems

• Ground heave

• Induced seismicity

• Contamination of 
drinking water by 
displaced brines or 
reservoir fluids

• Damage to 
hydrocarbon or 
mineral resources

• Potential impact 
on climate change



What We Know Today What We Know Today 
Concerning RisksConcerning Risks

• CO2 can be safely stored in geologic formations over long periods of time as 
observed with naturally existing CO2 reservoirs.

• Environmental and ecological health effects are well understood.

• The largest risks of CO2 capture and storage have been identified.

• Local hazards are generally more dependent on the nature of the release 
than the size of the release.

• CO2 poses no health and safety risk at low concentrations.

• CO2 is not flammable or explosive, but it does react with water.

• CO2 is denser than air and has the potential to pool in low-lying areas or 
poorly ventilated spaces.



MM&VMM&V

MM&V serves to:
• Protect worker health and safety.
• Ensure environmental and ecological safety.
• Verify safe and effective storage.
• Track plume migration.
• Provide early warning for failure.
• Confirm model predictions.
• Provide Market Assurance!

To ensure safe and effective storage of CO2, close MM&V will be required 
through all phases of CO2 sequestration, including capture and separation, 
transportation, preinjection site screening, injection, postinjection, 
abandonment, and long-term management.



What MM&V May IncludeWhat MM&V May Include

• Pipeline and injection well integrity, pressures, and flow rates
• Integrity of monitoring wells and abandoned wells
• Leakage from engineered systems (e.g., wells)
• Geological characterization including location of faults and weaknesses in the 

caprock of the primary storage reservoir
• Groundwater movement and quality
• CO2 plume migration
• Reservoir pressure
• Ground displacement and induced seismicity
• Effective use of available reservoir storage volume
• Geophysical and geochemical interactions
• Health of shallow subsurface and surface flora and fauna
• CO2 flux at ground surface
• CO2 concentrations in topographic features and poorly ventilated areas where 

CO2 may pool



Current Regulatory FrameworkCurrent Regulatory Framework

• Most industrial and safety regulations for CO2 focus on engineering controls 
and specifications for transportation, storage containers, and pipelines.

• Extensive CO2 pipeline network in use; regulations in place.

• Surface risks of CO2 exposure typically handled by state environmental, 
health, and safety regulatory agencies.

• Only inventory list for Toxic Substance Control Act (TSCA), National 
Institute for Occupational Safety and Health (NIOSH) confined space 
hazard classification system and the Federal Emergency Management 
Agency’s (FEMA’s) hazardous materials guide treat CO2 as hazardous 
substance to the extent that any concentrated, pressurized, or cryogenic 
gas poses a danger.



Current Regulatory Framework, Cont.Current Regulatory Framework, Cont.

• U.S. Environmental Protection Agency (EPA) Underground Injection
Control (UIC) Program regulates CO2 injection for enhanced 
recovery operations (permitted as Class II injection well); does not 
specifically address non-enhanced oil recovery (EOR) projects (e.g., 
storage in deep saline formation).

• Regulatory framework for natural gas storage, nonhazardous or 
hazardous waste disposal, and acid gas injection may provide 
additional guidance for regulating CO2 sequestration operations.



PLAINS CO2 REDUCTION (PCOR) PARTNERSHIP
Practical, Environmentally Sound CO2 Sequestration

LIST OF PRODUCTS

DEPLOYMENT

Final draft to partnersDeployment Issues Related to Geologic CO2 Sequestration in the PCOR 

Partnership Region

Topical Report

StatusTitleDocument



Public OutreachPublic Outreach



Public Outreach and EducationPublic Outreach and Education

• Raise awareness of sequestration for the general public 
• Provide materials, capabilities, and insights useful to 

future sequestration activities









OngoingThe PCOR Partnership 
http://www.undeerc.org/pcor/default.asp

Web Site

Draft in preparationNewspaper articles regarding carbon sequestrationNewspaper

Draft in preparationGeological SequestrationFact Sheet

Draft in preparationTerrestrial SequestrationFact Sheet

Draft in preparationPublic Opinion of CO2 SequestrationFocus Group

Draft in preparationCarbon SequestrationVideo

Final draft to partnersThe Weyburn Oil Field – A Model for Value-Added Direct CO2
Sequestration

Fact Sheet

Final draft to partnersCO2 Sequestration – Controlling CO2 Emissions to the Atmosphere 
Through Capture and Long-Term Storage

Fact Sheet

CompletedWhat Is CO2 Sequestration?Fact Sheet

StatusTitleDocument

PLAINS CO2 REDUCTION (PCOR) PARTNERSHIP
Practical, Environmentally Sound CO2 Sequestration

LIST OF PRODUCTS

PUBLIC OUTREACH



Sources, Sinks, and InfrastructureSources, Sinks, and Infrastructure

Shown are the following:
• Pipelines
• Coal regions
• Oil fields
• CO2 sources
• Political boundaries



SourcesSources

• Electric utilities
• Ethanol
• Ammonia 
• Cement
• Lime production 

facilities
• Iron ore-

processing 
facilities



Industrial COIndustrial CO22 SourcesSources



Stationary COStationary CO22 Source Characterization Source Characterization 
in the PCOR Partnership Region (#)in the PCOR Partnership Region (#)

Ag Processing
12%

Electric Utility
13%

Ethanol
5%

Industrial
53%

Petroleum and 
Natural Gas

17%



Stationary COStationary CO22 Sources in the Sources in the 
PCORP Region (Emissions)PCORP Region (Emissions)

Annual CO2 Production (tons)
Ag Processing

1%

Electric Utility
67%

Ethanol
3%

Industrial
17%

Petroleum and 
Natural Gas

12%



PLAINS CO2 REDUCTION (PCOR) PARTNERSHIP
Practical, Environmentally Sound CO2 Sequestration

LIST OF PRODUCTS

SOURCE CHARACTERIZATION

Draft in preparationCO2 Source Characterization of the PCOR Partnership 
Region

Topical Report

StatusTitleDocument

TECHNOLOGY AND INFRASTRUCTURE

Draft in EERC review Carbon Separation and Capture Topical Report

StatusTitleDocument



SinksSinks

• Geological
• Brine reservoirs
• Enhanced oil recovery
• Depleted oil and gas 

reservoirs

• Terrestrial
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Geological SequestrationGeological Sequestration
• Dakota Gasification – Weyburn 

CO2 Utilization Project
• Other value-added 

sequestration options
– Enhanced oil recovery
– Enhanced coalbed 

methane
• Deep saline formations
• Lignite, subbituminous, and 

bituminous coals
• Depleted oil and gas reservoirs



* Historical information
* Reservoir data
* Oil characteristics
* Gas characteristics

Oil Field Data for Reconnaissance 
Sequestration Estimates



Reservoir DataReservoir Data
(average range as reported by various sources)(average range as reported by various sources)

• Areal extent

• Original oil in place

• Average depth to pay

• Average pay thickness

• Average porosity

• Average permeability

• Initial reservoir pressure

• Average initial water saturation

• Formation temperature

• Bubble point

• Drive



EOR COEOR CO22 DemandDemand

Reconnaissance-level estimation of CO2 storage capacity 
from conducting CO2 EOR projects on selected fields

• Data sources
– Key partners at state and provincial agencies

• Variable
– Original oil in place (OOIP)

• Assumptions
– 12% incremental recovery of OOIP via CO2 injection
– Need 8 MCF of CO2 per barrel of incremental oil 
– 60% retention of total injected CO2

• Q (cf) = OOIP (bbls) x 0.12 x 8000 (cf/bbl) x 0.60



EOR COEOR CO22 DemandDemand

• Estimated 19 MMTCE of CO2
needed for maximum tertiary 
EOR operations in 22 selected 
fields in North Dakota.

• Represents approximately 262 
million barrels of incremental 
oil.

• At $40/bbl = $10.48 billion.

(ND sweet price = $41.30/bbl on11/9/04)



Methodology for NonMethodology for Non--EOR Oil EOR Oil 
Field StorageField Storage

Reconnaissance-level estimation of storage capacity of 
CO2 into selected fields. 

• Data sources:
– Key partners at state and provincial agencies.

• Variables and equations adequately considered higher 
temperatures and pressures present in Williston Basin 
Reservoirs than commonly used calculators.

• Assumptions:
– To determine density of CO2, modifications were 

necessary because of higher temperatures and 
pressures present in Williston Basin reservoirs.

– Assumed 100% pore volume would be filled with CO2.



Sequestration Potential of Sequestration Potential of 
Williston Basin Oil FieldsWilliston Basin Oil Fields

Estimated CO2 storage totals for 
57 selected fields (of more than 
1000)

•ND (33 fields) = 872 MMTCE
•MT (9 fields) = 342 MMTCE
•SD (1 field) = 37 MMTCE
•SK (8 fields) = 26 MMTCE
•MB (6 fields)= 6 MMTCE

Williston Basin = 1283 MMTCE

(78 yrs of all emissions from all 
Williston Basin stationary sources)



Methodology for Saline Methodology for Saline 
FormationsFormations

Reconnaissance level estimate of storage capacity for CO2
dissolved into the waters of the Madison Fm in the 
Williston Basin and Powder River Basin

• Data sources
– USGS published papers (Downey), well data from 

state agencies
• Assumptions

– Temperature and pressure were calculated using 
known gradients.

– Solubility was extrapolated from SPE monograph to 
suit higher salinities present in Williston Basin.

• Variables and equation based on MIDCARB calculator



Sequestration Potential of Sequestration Potential of 
Madison Group (preliminary)Madison Group (preliminary)

Maximum storage 
capacity may 
exceed 13,636,364 
MMTCE.

700 years of CO2
sequestration from 
all sources that lie 
above the aquifer.

MMTCE= Millions of 
Metric Tons  of   
Carbon Equivalent



Seismic Potential Seismic Potential –– We Are We Are 
Very Stable! Very Stable! 

Lowest hazard

Highest hazard



Regional Tectonics and LeakageRegional Tectonics and Leakage

• Region is seismically stable
• Basement lineaments

– Zones of tectonic weakness
– Higher probability of regional fracturing and faulting
– May contain conduits for leakage of injected CO2

– Most appear to be closed, but evidence suggests some may be 
open

– Lineaments appear to exert control over development of basin 
structure and facies deposition



Tectonic Model for Basin Tectonic Model for Basin 



CommentsComments

• There are certainly local, sealed traps that are good candidates for 
sequestration in the Williston Basin.

• There is evidence that some linear structures within the Williston 
Basin may be active or at least open. 

• Additional and detailed work is necessary to determine the 
competency of potential regional reservoirs/sinks for sequestration.



Methodology for Storage in Methodology for Storage in 
CoalCoal

Reconnaissance-level estimation of CO2 storage capacity 
of the Anderson-Wyodak coal seam in the Wyoming 
portion of the Powder River Basin 

• Data sources
– State agencies and published analytical data

• Used sorbed phase gas content data to calculate 
effective CO2 storage potential for target coal seam

• Equation for total sequestration potential
CO2 SP = (A x h x ρ x SCCO2)
A = area, h = net coal thickness, ρ = CO2 density
SCCO2 = CO2 storage capacity of coal based on gas content data



Storage Potential of Powder River Storage Potential of Powder River 
Basin CoalBasin Coal

• Total CO2 storage capacity of 
6.2 billion tonnes (1691 
MMTCE) in areas where 
overburden is >1000 feet

• Sequester all current annual 
emissions from sources within 
the Powder River Basin for 
156 years



Database Content as ofDatabase Content as of
October 2004October 2004

• Major CO2 source locations and emission data from all 
states and provinces in the PCOR Partnership region 

• Locations, depth, type, and status of drill holes in North 
Dakota, Nebraska, South Dakota, Wyoming, eastern 
Montana, Saskatchewan, and Manitoba

• Oil and gas fields
– Cumulative production statistics 
– Detailed field reservoir data for North Dakota and 

Montana



Still to Come Still to Come 

• Pool characteristic data for Wyoming, Nebraska, 
Saskatchewan, and Manitoba

• Refined sequestration potential of selected oil fields for 
Montana, Wyoming, Nebraska, South Dakota, 
Saskatchewan, and Manitoba  

• Sequestration potential of selected Williston Basin coal 
beds

• Sequestration potential of Newcastle, Inyan Kara, and 
Cambro-Ordovician saline formations 



PLAINS CO2 REDUCTION (PCOR) PARTNERSHIP
Practical, Environmentally Sound CO2 Sequestration

LIST OF PRODUCTS

SINK CHARACTERIZATION-GEOLOGICAL

Final draft to partnersOverview of Williston Basin Geology as It Relates to CO2 SequestrationTopical Report

Final draft to partnersThe Influence of Tectonics on the Potential Leakage of CO2 from Deep 
Geological Sequestration Units in the Williston Basin 

Topical Report

Final draft to partnersSequestration Potential of the Madison of the Northern Great Plains Aquifer 
System (Madison Geological Sequestration Unit) 

Topical Report

Draft in EERC reviewMission Canyon Formation Outline Topical Report

Final draft to partnersGeologic CO2 Sequestration Potential of the Wyodak–Anderson Coal Zone 
in the Powder River Basin 

Topical Report

StatusTitleDocument

Draft in preparationGeologic Sequestration Potential of the PCOR Partnership RegionTopical Report

Draft in preparationSequestration Potential of the Newcastle and Inyan Kara Aquifer SystemsTopical Report

Draft in preparationAdditional Formation Outlines for the Williston BasinTopical Report

Final draft to partnersSequestration Potential of Petroleum Reservoirs in the Williston Basin Topical Report

Draft in EERC reviewGeologically Sequestered CO2 Leakage: A Literature Survey Topical Report



Terrestrial SequestrationTerrestrial Sequestration

• North Dakota State 
University – low-moisture 
land management practices 
for carbon sequestration

• U.S. Geological Survey –
wetland carbon 
sequestration

• Regional assessment of 
land uses – an agricultural 
region



Extent of Glaciated Extent of Glaciated 
Prairie Pothole RegionPrairie Pothole Region



Wetland Carbon Sequestration Potential  Wetland Carbon Sequestration Potential  





Global Land Cover Data SetGlobal Land Cover Data Set



NDSU Field PlotNDSU Field Plot



Estimated Soil Organic Carbon ValuesEstimated Soil Organic Carbon Values

U.S. Department of Agriculture Natural Resources Conservation 
Service (USDA-NRCS), National Soil Survey Center, Lincoln, 
Nebraska, and EROS Data Center, Sioux Falls, South Dakota, 1996.



PLAINS CO2 REDUCTION (PCOR) PARTNERSHIP
Practical, Environmentally Sound CO2 Sequestration

LIST OF PRODUCTS

SINK CHARACTERIZATION – TERRESTRIAL

Draft in preparationWetland Carbon Sinks in the Glaciated North American PrairieTopical Report

Draft in preparationAgricultural Practices that Promote Carbon Sequestration (NDSU)Topical Report

Draft in preparationThe Contribution of Soils to Carbon Sequestration Topical Report

Final draft to partnersWetland Carbon Sinks in the Glaciated North American PrairieFact Sheet

StatusTitleDocument



PCOR Partnership Decision Support System



PCOR Partnership Decision 
Support System

• Web platform
– Geographic information system (GIS) 
– Database driven

• Interactive data analysis of PCOR Partnership 
region
– Review regional characteristics
– Browse, query, analyze, and download data
– Inspect wide range of transport and sequestration 

scenarios
• Linked to NATCARB













Thematic maps show the spatial 
distribution of a specific data  theme.

Qualitative – What is it? 
Quantitative – How much is there?





Oil and gas fields become visible 
when you zoom in. 



























Modeling and Action PlansModeling and Action Plans



Source Physical PropertiesSource Physical Properties



Data Screening and MatchingData Screening and Matching



SourceSource––Sink MatchingSink Matching



Sink Physical PropertiesSink Physical Properties



Electric Generating Utilities in the PCOR Electric Generating Utilities in the PCOR 
Partnership RegionPartnership Region



Electricity GenerationElectricity Generation

• There are 23.1 MMTCE per year produced by electricity generation 
plants in the PCOR Partnership region. Of this amount, 22.6% is 
produced within 350 miles of the Coal Creek Station in North 
Dakota.

• Oil fields, aquifers, and coal seams screened to date that are 
located within the 350-mile radius could sequester all of this CO2 for 
803 years. 



Ethanol Manufacture Facilities in theEthanol Manufacture Facilities in the
PCOR Partnership RegionPCOR Partnership Region



Ethanol ManufactureEthanol Manufacture

• About 4 MMTCE per year is produced during ethanol manufacture in the 
PCOR Partnership region. Of this amount, 21% is produced within 350 
miles of EOR opportunities that have been evaluated (to date).  



Determination of Ranked StrategiesDetermination of Ranked Strategies



PLAINS CO2 REDUCTION (PCOR) PARTNERSHIP
Practical, Environmentally Sound CO2 Sequestration

LIST OF PRODUCTS

MODELING AND DECISION SUPPORT

OngoingThe PCOR Partnership Decision Support System 
http://w3.undeerc.org/website/PCORP/Software

Draft in preparationSequestration Potential of the PCOR Partnership RegionTopical Report

Final draft to partnersIdentifying CO2 Sequestration Opportunities (MJ)Fact Sheet

Final draft to partnersThe PCOR Partnership Decision Support SystemTopical Report

StatusTitleDocument







Project MilestonesProject Milestones

CompletedDetailed work plan1

CompletedDetailed work plan1

In ProgressFinal task report2

Data Management, Scenario Selection, and Action Plans

In progressScenario screening2

In progressScenario modeling3

Regional Characterization

Future activityScenario action plans4

Future activity10-minute technology videos4

In progressMiddle school education materials2

Nearing Completion30-minute general video3

CompletedNegotiate and award contract1

Technology Deployment Issues

Management, Reporting, and Technical Outreach

CompletedDetailed work plan1

CompletedDetailed work plan1

Public Outreach

In progressInput for scenario selection/action plans3

Future activityFinal task report2

Future activityFinal report2

StatusDescriptionMilestone



Project DeliverablesProject Deliverables

In progressInformation assessment2

Data Management, Scenario, Selection and Action Plans

In progressWorkshop materials1

In progressCriteria and inputs for scenario selection/action plans3

Regional Characterization

In progressWorkshop background/products1

Public Outreach

In progressPublic survey/assessment2

Completed Public outreach Web pages3

In progressWorkshop materials1

Technology Deployment Issues

OngoingQuarterly reports7

OngoingWorkshop materials1

Management, Reporting, and Technical Outreach

OngoingPCOR Partnership meetings/workshops6

OngoingAdvisory group meetings2

In progressPopulated relational/GIS database2

In progressTechnical outreach Web pages5

OngoingAttendance/presentations at technical meetings4

In progressPCOR Partnership Web site3

OngoingDOE management/PCOR Partnership Project Review Meeting1

StatusDescriptionDeliverable



Vision for PCOR Partnership Vision for PCOR Partnership ––
Phase IIPhase II

• Enhance and refine regional assessment
• Develop one or more terrestrial demonstrations 

(wetlands)
• Work with the PTRC/ITC and industrial partners on 

optimization of capture technologies for regional 
applications

• Develop an enhanced resource recovery project
• Develop one or more test wells for the evaluation of CO2

sequestration
• Evaluate and quantify mineralization rates for CO2 in 

selected, high-priority geologic sequestration units



Please Keep in Touch!!Please Keep in Touch!!

Ed SteadmanEd Steadman
(701) 777(701) 777--52795279

esteadman@undeerc.orgesteadman@undeerc.org


