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A necessary step toward the deployment of CCS in the PCOR Partnership 
region is the development of an understanding of the magnitude, distribution, 
and variability of major stationary CO2 sources and potential CO2 storage 
sites. The PCOR Partnership continues to refine the characterization of 
sources, geologic storage, and infrastructure within the region. This continued 
regional characterization is refining CO2 storage resource estimates for the 
project and providing context for extrapolating the results of the large-scale 
demonstrations.

CHAPTER 4
Regional 

Characterization
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The PCOR Partnership has identified, quantified, and 
categorized 458 stationary sources in the region that have an 
annual output of greater than 100,000 tonnes of CO2. These 
stationary sources have a combined annual CO2 output of 
nearly 500 million tonnes (Mt). Although not a target source 
of CO2 for geologic storage, the transportation sector in the 
U.S. portion of the PCOR Partnership region contributes 
nearly 158 million additional tonnes of CO2 to the atmosphere 
every year.41

The relative magnitude of annual CO2 emissions for the 
portions of the states and provinces in the PCOR Partnership 
region are depicted by the area of the circles. Values are given 
in million tonnes of CO2 per year.

The annual output from the various large stationary sources 
ranges from 100,000 tonnes for industrial and agricultural 
processing facilities that make up the majority of the sources 
in the region to nearly 18 Mt for the largest coal-fired electric 
generation facility. Fortunately, many of the large point sources 
are located in areas that are favorable for CO2 storage because 
of their concurrence with deep sedimentary basins, such as 
those areas in Alberta, North Dakota, Montana, and Wyoming.    
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Classification of Major Stationary 
CO2 Sources in the PCOR 
Partnership Region
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The geographic and socioeconomic diversity of the 
PCOR Partnership region is reflected in the diversity of 
the CO2 sources found there. About two-thirds of CO2 is 
emitted from electricity generation; significant emissions 
also result from energy exploration and production 
activities; agricultural processing; fuel, chemical, and 
ethanol production; and various manufacturing and 
industrial activities. 

Canadian emissions within the PCOR Partnership region 
are dominated by Alberta, with extensive use of fossil fuel 
resources. When compared to total U.S. CO2 emissions, the 
states in the PCOR Partnership region emit relatively more 
CO2 from electric utilities and less from industries and 
transportation.
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Although the CO2 emissions from the individual PCOR 
Partnership point sources are no different from similar 
sources located around North America, the wide range of 
source types within the PCOR Partnership region offers the 
opportunity to evaluate the capture, transport, and storage 
of CO2 in many different scenarios.

CO2 Sources by Type
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Major Sedimentary Basins in 
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Sedimentary basins are large regional depressions 
in Earth’s crust. These depressions accumulate a considerable 
thickness of sediment that can cause further subsidence 
and allow for even more sediments to accumulate. As the 
sediments are buried, they are subjected to compaction from 
increasing pressure and then begin the process of lithification 
(changing to rock). Sedimentary basins vary in configuration 
from bowl-shaped to elongated troughs. If organic-rich 
sedimentary rocks occur in combination with appropriate 
depth, temperature, and duration of burial, hydrocarbon 
generation can occur within the sedimentary basin. The rich 
set of options for the safe long-term geologic storage of CO2 
in the PCOR Partnership region is found in the deep portions 
of the extensive sedimentary basins of this region.
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CO2 Storage Opportunities

Midcontinent Rift System
The PCOR Partnership region includes other areas besides 
the major petroleum-producing basins that are underlain 
by thick sequences of sedimentary rock. One of the largest 
and most notable of these areas is the Midcontinent Rift 
System, which stretches from eastern Nebraska across 
central Iowa and south-central Minnesota to the western 
portion of Lake Superior. 

This thick and deeply buried sequence of sedimentary 
rock is penetrated by only a few wells; thus little is known 
about the detailed characteristics of these rocks. However, 
preliminary investigations suggest that the Midcontinent 
Rift System has a lower potential for CO2 storage.42 
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Distribution of Oil in the PCOR 
Partnership Region

 Oil Fields

 Sedimentary Basin (nominal extent) 

stb = stock tank barrel
Bcf = tonnes CO2 (Mt)
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Saskatchewan Oil Fields
•  11 optimal fields assessed
•  Potential incremental oil = 331 million stb
•  Total CO2 needed for EOR = 140 Mt

Alberta Oil Fields
•  600 optimal fields assessed
•  Potential incremental oil = 6 billion stb
•  Total CO2 needed for EOR = 2.5 Gt

Manitoba Oil Fields
•  Three optimal fields assessed
•  Potential incremental oil = 39 million stb
•  Total CO2 needed for EOR = 16 Mt

North Dakota Oil Fields
•  28 optimal fields assessed
•  Potential incremental oil = 262 million stb
•  Total CO2 needed for EOR = 110 Mt

Eastern Montana Oil Fields
•  Ten optimal fields assessed
•  Potential incremental oil = 425 million stb
•  Total CO2 needed for EOR = 180 Mt

Northeastern Wyoming Oil Fields
•  17 optimal fields assessed
•  Total cumulative production = 1524 million stb
•  Potential incremental oil = 381 million stb
•  Total CO2 needed for EOR = 160 Mt

Nebraska Oil Fields
•  Ten optimal fields assessed
•  Total cumulative production = 100 million stb
•  Potential incremental oil = 25 million stb
•  Total CO2 needed for EOR = 10 Mt

Buffalo Field, South Dakota
•   Portions of this field are currently undergoing      
 tertiary recovery operations using air injection.
•   CO2-based EOR may be technically feasible.

Enhanced Oil Recovery Potential
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Although oil was discovered in the PCOR Partnership 
region in the late 1800s, significant development and 
exploration did not begin until the late 1920s. The body of 
knowledge gained in the nearly 90 years of exploration and 
production of hydrocarbons in this region is a significant 
step toward understanding the mechanisms for secure 
storage of significant amounts of CO2. Today, oil is drawn 
from the many oil fields in the PCOR Partnership region 
from depths ranging from as little as 60 m below ground 
level to approximately 8000 m.

Reconnaissance-level CO2 storage estimates were made for 
selected oil fields in the Williston, Powder River, Denver–
Julesberg, and Alberta Basins. Two alternative calculation 
methods were used, depending on the nature of the 
available reservoir characterization data for each field. The 
estimates were developed using reservoir characterization 
data obtained from the petroleum regulatory agencies 
and/or geological surveys from the oil-producing states 
and provinces of the PCOR Partnership region. Results of 
the estimates for the evaluated fields (using a volumetric 
method) in the four basins indicate a CO2 storage potential 
of over 3.2 Gt of CO2 with a cummulative incremental oil 
recovery of over 7 billion stb.

The region has over 

3.2 Gt 
of CO2 storage potential in 

oil and gas fields and 

7 billion stb 
of incremental oil.

CO2 Storage in Oil and Gas Fields
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Major Coal Basins in 
and Around the PCOR 
Partnership Region
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The PCOR Partnership region is home to significant 
coal resources. Much of this vast resource is used to 
generate electricity at coal-fired power plants in the 
region and beyond. However, a significant portion of 
this resource lies at depths that are not economically 
recoverable. Just as with depleting oil reservoirs, 
unminable coal beds in the region may be a good 
opportunity for CO2 storage. 
   
Three deep major coal horizons in the PCOR 
Partnership region have been characterized with 
respect to CO2 storage: the Wyodak–Anderson bed 
in the Powder River Basin, the Harmon–Hanson 
interval in the Williston Basin, and the Ardley coal 
zone in the Alberta Basin. The total maximum CO2 
storage resource potential for all three coal deposits is 
approximately 7.3 Gt.43–45

In the Powder River Basin area of northeastern 
Wyoming, the CO2 storage potential for the areas 
where the coal overburden thickness is >300 m could 
store all of the current annual CO2 emissions from 
nearby power plants for about the next 150 years.45

CO2 Storage in Unminable Coal
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Deep Saline Formations46 
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Deep saline formations within the PCOR Partnership 
region have the potential to store vast quantities of 
anthropogenic CO2. Through the course of characterization 
activities associated with the PCOR Partnership Program 
and the efforts of our partners in Canada, several saline 
formations have been evaluated to determine the 
magnitude of the CO2 storage resource available. In many 
sedimentary basins, more than one potential target horizon 
for CO2 storage may exist within a defined geographic area, 
each with an appropriate seal to ensure safe, long-term 
storage. This configuration of stacked target formations is 

CO2 Storage in Saline Formations

certainly the case with regard to the basins in the PCOR 
Partnership region. The extent of the formations identified 
for potential storage are constrained by depth (to ensure 
optimal density of the injected CO2) and by salinity (to avoid 
protected groundwater resources). 

To date, reconnaissance-level characterization has identified 
at least 330 Gt of potential storage in deep saline formations. 
As characterization activities progress and other saline 
formations in the PCOR Partnership region are investigated, 
this total will certainly rise.
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