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DISCLAIMER

This report was prepared as an account of work sponsored by an agency of the United
States Government. Neither the United States Government, nor any agency thereof, nor any of
their employees makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement,
recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the United
States Government or any agency thereof.

This report is available to the public from the National Technical Information Service, U.S.
Department of Commerce, 5285 Port Royal Road, Springfield, VA 22161; phone orders
accepted at (703) 487-4650.

EERC DISCLAIMER

LEGAL NOTICE This research report was prepared by the Energy & Environmental
Research Center (EERC), an agency of the University of North Dakota, as an account of work
sponsored by the U.S. Department of Energy and the North Dakota Industrial Commission.
Because of the research nature of the work performed, neither the EERC nor any of its
employees makes any warranty, express or implied, or assumes any legal liability or
responsibility for the accuracy, completeness, or usefulness of any information, apparatus,
product, or process disclosed, or represents that its use would not infringe privately owned rights.
Reference herein to any specific commercial product, process, or service by trade name,
trademark, manufacturer, or otherwise does not necessarily constitute or imply its endorsement
or recommendation by the EERC.
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ABSTRACT

During the period of October 1, 2003,
through September 30, 2005, the Plains
CO: Reduction (PCOR) Partnership,
identified geologic and terrestrial
candidates for near-term practical and
environmentally sound carbon dioxide
(CO2) sequestration demonstrations in the
heartland of North America. The PCOR
Partnership region covered nine states and
three Canadian provinces. The validation
test candidates were further vetted to
ensure that they represented projects with
1) commercial potential and 2) a mix that
would support future projects both
dependent and independent of CO;,
monetization.

This report uses the findings contained in
the PCOR Partnership’s two dozen topical
reports and half-dozen fact sheets as well
as the capabilities of its geographic
information system-based Decision
Support System to provide a concise
picture of the sequestration potential for
both terrestrial and geologic sequestration
in the PCOR Partnership region based on
assessments of sources, sinks, regulations,
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deployment issues, transportation, and
capture and separation. The report also
includes concise action plans for
deployment and public education and
outreach as well as a brief overview of the
structure, development, and capabilities of
the PCOR Partnership.

The PCOR Partnership is one of seven
regional partnerships under Phase I of the
U.S. Department of Energy National
Energy Technology Laboratory’s Regional
Carbon Sequestration Partnership
program. The PCOR Partnership,
comprising 49 public and private sector
members, is led by the Energy &
Environmental Research Center at the
University of North Dakota. The
international PCOR Partnership region
includes the Canadian provinces of
Alberta, Saskatchewan, and Manitoba and
the states of Montana (part), Wyoming
(part), North Dakota, South Dakota,
Nebraska, Missouri, lowa, Minnesota, and
Wisconsin.
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EXECUTIVE SUMMARY

During Phase I (October 1 2003, through
September 30, 2005) of U.S. Department of
Energy’s (DOE’s) Regional Carbon
Sequestration Partnership (RCSP) Program,
the Plains CO; Reduction (PCOR)
Partnership, led by the Energy &
Environmental Research Center (EERC) at
the University of North Dakota, provided
significant value to its more than

40 private and public sector partners by
developing a suite of practical and
environmentally sound strategies for
carbon management in the heartland of
North America — an area of 1.36 million
square miles (352 million hectares)
covering nine states and three Canadian
provinces. The sequestration strategies
were further vetted to ensure that they
represented projects with 1) commercial
potential and 2) a mix that would support
future projects both dependent and
independent of carbon dioxide (CO,)
monetization.

The sequestration strategies are derived
from the PCOR Partnership’s
reconnaissance assessments of the region’s
sources, sinks, regulations, deployment
issues, transportation, and capture and

separation technologies as well as input
from its partners. These findings are
contained in twenty-one topical reports
and a regional atlas, and the underlying
data are housed in the PCOR Partnership’s
Web-based, georeferenced Decision
Support System.

The PCOR Partnership identified,
quantified, and characterized over

1000 stationary sources within its defined
region during Phase 1. These sources have
a combined annual output of nearly

502 million tonnes (553 million tons) of
anthropogenic CO; from stationary sources
for which data were readily available.
About two-thirds of the CO; is emitted
during electricity generation, followed by
industrial sources, petroleum refining and
natural gas processing, ethanol
production, and agricultural processing.

Federal and provincial greenhouse gas
inventories report that 219 million tonnes
(241 million tons) of CO, emissions from
fossil fuel combustion in the PCOR
Partnership region (including the entire
states of Montana and Wyoming) in

2000 are products of the nonstationary
transportation sector. This is
approximately 10% of the combined U.S.



and Canadian total for transportation
emissions.

The theoretical maximum terrestrial sink
potential is 1.4 billion tonnes (1.5 billion
tons) per year for the near term. The
Phase I assessment of terrestrial
sequestration indicated that this potential
is divided between croplands, forestlands,
grasslands, and wetlands, with about 10%
of the region unsuitable for any type of
terrestrial sequestration. The overall
geologic sink capacity is estimated at over
219 billion tonnes (242 billion tons), with
significant capability for unminable coals
(7 billion tonnes [8 billion tons]), oil fields
either with an enhanced oil recovery (EOR)
component or simply as sequestration that
gets in depleted reservoirs (12 billion
tonnes [13 billion tons]), and deep saline
reservoirs (200 billion tonnes [221 billion
tons]). These geologic sinks occur primarily
in the substantial geologic basins of the
region.

The PCOR Partnership region has the
potential to offset its source emissions in
the long term. The near-term theoretical
idealized maximum 1.4 billion tonnes
(1.5-billion ton)-per-year capacity of the
terrestrial sinks has the potential to offset
the 219 million tonnes (241 million tons)
from the transportation sector. The
geologic capacity characterized to date
could offset 100% of the region’s annual
emissions from identified stationary
sources (502 million tonnes [553 million
tons]) for 437 years.

With respect to terrestrial sequestration
strategies, modeling determined that
although wetlands offer more modest
carbon sequestration opportunities than
forestlands and agricultural lands overall,
wetland restoration offered significant
short-term gains in capacity with a
reasonable payoff and, therefore, merited
field validation testing in Phase II.

With respect to geological sequestration
strategies, three source—geologic sink
combinations were identified in the
Williston and Alberta Basins that have the
promise to become market-driven, full-
scale sequestration project opportunities
and merited field validation testing in
Phase II:

* COg; (potentially from the Dakota
Gasification Company gasification
plant) used for simultaneous
sequestration and EOR in oil fields
proximal to the existing Dakota
Gasification Company CO, pipeline
in the Williston Basin.

» Acid gas (65% CO2, 35% H>S) from
sour gas plants in Alberta injected
into a nearby oil field for

simultaneous sequestration and
EOR.

* COg; injected into economically
unminable lignite seams for both
CO; sequestration and coalbed
methane production.

The results from the validation tests of
these promising strategies would provide
detailed information needed for more
robust economic analysis of CO,
transportation, injection, and monitoring
activities that can support the development
of similar projects both within the region
and elsewhere. In addition, the Phase I
assessment for geologic sequestration
projects indicates that:

* Amine scrubbing is probably the
nearest to being commercially
applied to the majority of the large
stationary sources (i.e., coal-fired
power plants, cement kilns) in the
PCOR Partnership region, but
development of emerging techniques
that show promise should continue
to increase the potential for choice
and lower costs.



¢ The CO; produced from sources in
the eastern portions of the PCOR
Partnership region are more likely to
be sequestered in geologic sinks in
adjacent RCSP Program regions in
order to take advantage of the
shorter transportation distances.

* Sequestration that is performed
concurrently with EOR or enhanced
coalbed methane will likely be the
primary sequestration performed in
the region in the very near term
because these options allow for
commercial application without a
robust carbon offset market in
place.

The outreach toolkit developed during
Phase I consists of fact sheets, background
pieces, newspaper articles, a public Web
site, and a 30-minute television production
on Prairie Public Television (also available
on DVD). This toolkit forms the basis for
the ability to provide general information to
the public regarding sequestration as well
to support the outreach efforts of specific
field validation tests.
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INTRODUCTION

The U.S. currently accounts for a quarter
of the 22 billion tonnes (24 billion tons) of
anthropogenic carbon dioxide (COy)
emitted to the earth’s atmosphere.
However, by 2050 worldwide
anthropogenic CO; emissions will grow to
nearly 45 billion tonnes (S0 billion tons),
with China and India each accounting for
one of every four units released to the
atmosphere. During that period, the U.S.
CO; emissions will grow modestly and
account for only one in eight units by
2050.

Pacala and Socolow (2004) state that
stabilizing the atmospheric level of CO; at
500 ppmv by 2050, twice the recent
historic base level, would require
concerted, worldwide action to control
anthropogenic CO> emissions. These
authors suggest that the long-term storage
of CO; in soils or in the subsurface (CO,
sequestration) would be a major step in
reducing and stabilizing the amount of
anthropogenic CO; released to the
atmosphere.

To date, terrestrial sequestration (carbon
storage in plants and soils) has played a
modest role in the carbon-trading activities
of the Kyoto nations. Geologic
sequestration, storing CO, in the
subsurface, shows great promise as
indicated by the results from the Sleipner
Site in Norway and the Weyburn Site in
Canada. Geologic sequestration is a key
component of FutureGen, the U.S.
Department of Energy (DOE) concept for a
highly efficient coal-based zero emission
system for producing electricity and
hydrogen transportation fuel.

In the spring of 2003, the President’s
Global Climate Change Initiative called for
a reduction in greenhouse intensity of
18%. As part of the response to this
initiative, seven regional partnerships were
designated in the fall of 2003 under the

DOE Regional Carbon Sequestration
Partnership (RCSP) Program, led by the
National Energy Technology Laboratory
(NETL). Under Phase I of this program,
these partnerships have worked by region
to chart the scientific and regulatory
groundwork needed to facilitate the
implementation of practical and
environmentally sound CO, sequestration.

The Phase I activities of the Plains CO»
Reduction (PCOR) Partnership, led by the
Energy & Environmental Research Center
(EERC) at the University of North Dakota,
took place during the period of October 1,
2003, through September 30, 2005, and
were focused in a 1.36-million-square-mile
(352 million hectares) area in the heartland
of North America (Figure 1). Phase I had a
twofold mission:

1) To identify opportunities for
terrestrial and geologic
sequestration based on an
assessment of sources and sinks as
well as transportation systems and
capture and separation
technologies.

2) To develop capabilities for data
management, public education, and
outreach and to develop plans to
facilitate the implementation of
validation projects for sequestration
in the region.

In order to accomplish this twofold
mission, the program was organized
around three technical task areas —
characterization of sources, sinks, and
infrastructure. These activities fed into a
modeling and synthesis task and were
supported by outreach and information
and data management activities. These
tasks are illustrated in Figure 2.

Table 1 gives a list of the PCOR
Partnership’s Phase I products, and the
topical reports and fact sheets are
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Table 1. Summary of Products from Phase I of the PCOR Partnership Program

Product Name Citation Type Subject Area
1. Fact Sheet 1 — What Is CO2 Sequestration? EERC PCOR Fact sheet Outreach
Partnership
(20053)
2. Fact Sheet 2 — CO2 Sequestration — EERC PCOR Fact sheet Outreach
Controlling CO2 Emissions to the Atmosphere Partnership
Through Capture and Long-Term Storage (2005b)
3. Fact Sheet 3 — The Weyburn Oil Field - A EERC PCOR Fact sheet Outreach
Model for Value-Added Direct CO2 Sequestration Partnership
(2005¢)
4. Nature in the Balance — CO2 Sequestration EERC and PPTV Television Outreach
production/DVD
5. Carbon Sequestration — A Community Focus Hanson et al. Topical report Outreach
Group Study of Attitudes in Williston, North (2005)
Dakota
6. Fact Sheet 4 — Wetland Carbon Sinks in the EERC PCOR Fact sheet Outreach
Glaciated North American Prairie Partnership
(2005d)
7. Regional Atlas Appendix D GIS thematic Characterization,
atlas modeling, outreach
8. Newspaper Articles Regarding Carbon Daly et al. Newspaper Outreach
Sequestration: (2005a—c) articles
Article 1 — Controlling Carbon Dioxide
Emissions and Still Providing Affordable Energy,
Article 2 — An Introduction to Storage of Carbon
Dioxide, Article 3 — The Capture and Long-Term
Storage of Carbon Dioxide
9. PCOR Partnership Public Web Site: EERC Staff Web site Outreach
[www.undeerc.org/pcor]
10. CO2 Source Characterization of the PCOR Jensen et al. Topical report Source
Partnership Region (20053) characterization
11. Carbon Separation and Capture Jensen et al. Topical report Technology and
(2005b) infrastructure
12. Geologic CO2 Sequestration Potential of the Nelson et al. Topical report Geologic sink
Wyodak-Anderson Coal Zone in the Powder (2005a) characterization

River Basin

13. Mission Canyon Formation Outline

Fischer et al.

Topical report

Geologic sink

(20053) characterization
14. Sequestration Potential of the Madison of Fischer et al. Topical report Geologic sink
the Northern Great Plains Aquifer System (2005Db) characterization
(Madison Geological Sequestration Unit)
15. The Influence of Tectonics on the Potential Fischer et al. Topical report Deployment

Leakage of CO2 from Deep Geological
Sequestration Units in the Williston Basin

(2005c¢)

16. Overview of Williston Basin Geology as It

Fischer et al.

Topical report

Geologic sink

Relates to CO2 Sequestration (2005d) characterization
17. Factors Affecting the Potential for CO2 Nelson et al. Topical report Deployment
Leakage from Geologic Sinks (2005b)

18. Sequestration Potential of Petroleum Smith et al. Topical report Geologic sink
Reservoirs in the Williston Basin (2005) characterization
19. Additional Formation Outlines for the Fischer et al. Topical report Geologic sink
Williston Basin: Newcastle Formation Outline, (2005e-g) characterization

Skull Creek Formation Outline, Inyan Kara
Formation Outline

20. Potential CO2 Storage Capacity of the Lower
Cretaceous Aquifer System in the PCOR
Partnership Region

Fisher et al.
(2005h)

Topical report

Geologic sink
characterization

21. Geological Sequestration Potential of the
PCOR Partnership Region

Sorensen et al.

(2005)

Topical report

Geologic sink
characterization

Continued . . .



Table 1. Summary of Products from Phase I of the PCOR Partnership Program

(continued)
Product Name Citation Type Subject Area
22. Geologic CO2 Sequestration Potential of Lignite Nelson et al. Topical Geologic sink
Coal in the U.S. Portion of the Williston Basin (2005¢) report characterization
23. The Contribution of Soils to Carbon de Silva et al. Topical Terrestrial sink
Sequestration (2005) report characterization
24. Terrestrial Carbon Sequestration Potential in Bangsund et al. Topical Terrestrial sink
Southwest North Dakota (20054a) report characterization
25. Economics and Policy of Carbon Sequestration Bangsund et al. Topical Terrestrial sink
in Agricultural Soils: A Review of Recent Literature (2005b) report characterization
26. Potential of Restored Prairie Wetlands in the Gleason et al. Topical Terrestrial sink
Glaciated North American Prairie to Sequester (2005) report characterization
Atmospheric Carbon
27. Deployment Issues Related to Geological and Reilkoff et al. Topical Deployment
Terrestrial CO2 Sequestration in the PCOR (2005) report
Partnership Region
28. The PCOR Partnership Decision Support System O’Leary et al. Topical Modeling and
(2005) report decision support
29. Fact Sheet 5 — Identifying CO2 Sequestration EERC (2005e) Fact sheet Modeling and
Opportunities decision support
30. Identification of CO2 Sequestration Strategies for Jensen et al. Topical Modeling and
the PCOR Partnership Region (2005¢) report decision support
31. The PCOR Partnership Decision Support System O’Leary et al. Software/ Modeling and
(2005) Web site decision support

contained on Disk 1 in Appendix A. Table 2
shows how the products in Table 1,
including topical reports, data
management capabilities, and capabilities
for outreach and communication, fit
together to achieve DOE’s vision for

Phase I RCSP activities in the PCOR
Partnership region.

METHODOLOGY

As shown in Table 1, the Phase I activities
under the PCOR Partnership program
consisted in large part of gathering data on
the region’s major stationary CO2 sources
and potential sinks. Tools that provided for
the efficient storage and manipulation of
these data were also developed. More than
40 public and private sector stakeholders
provided support and direction to the
activities. The input of our partners was
invaluable with respect to shaping the
vision for the Partnership. Our efforts were
focused on a market-based approach to
carbon sequestration, providing our
partners with the information they need for

the development of both short- and long-
term carbon management strategies.

In addition, a public outreach campaign
was conducted to inform the general public
regarding CO> sequestration and attendant
issues. The methodologies for select
activities are summarized in Appendix B.

RESULTS AND DISCUSSION

The Results and Discussion Section is
divided into three parts:

» Part I discusses program
development, the relationship to the
overall RCSP program, data
management, and outreach.

* Part II characterizes the CO»
sources and CO; sequestration
opportunities for the PCOR
Partnership region.

» Part III discusses select deployment
issues including capture and



Table 2. PCOR Partnership Phase I Program Attributes Matched to RCSP Requirements!

No. | RCSP Requirement PCOR Partnership Phase I Attribute
1 Work within a defined Area grew from five states and two Canadian provinces (fall 2003) to
geographic area nine states and three Canadian provinces (fall 2005)
2 Minimum of 20% cost Cost share grew from 22.5% (fall of 2003) to 25.6% (fall 2005)
share concomitant with DOE funding increase of $868,550
3 Develop and maintain a | Partnership grew from 23 members (original proposal) to 49 members
strong and diverse (fall 2005) and includes government, business, and nongovernmental
partnership organizations; held annual partnership meetings and maintained
communication
4 Data management Developed geographic information system (GIS)-based Decision
Support System (DSS) that houses information gathered during
characterization tasks and supports modeling and assessments (28,
31); maintained members-only DSS interface through public Web site
depleted oil and gas reservoir and enhanced oil recovery (EOR)
S Source characterization | Identified and characterized 1300 major sources in the region
responsible for 13.1% combined total U.S.—Canadian CO, emissions
(10)
6 Terrestrial sink Investigators include Ducks Unlimited Canada, North Dakota State
characterization University, and the U.S. Geological Survey; delineated five regional
terrestrial sink categories and determined storage capacity (23),
characterized upland grassland and cropland capacity (24) and
economics (25), and inventoried pothole wetland capacity (26)
7 Geologic sink Delineated overall sink capacity (21), unminable coal capacity (12, 22),
characterization depleted oil and gas reservoir EOR capacity (13, 18), and deep saline
capacity (14, 19, 20); provided geologic background on region (16);
incorporated published information on Canadian sequestration
capacity including Bachu and Shaw (2004)
8 Identify deployment Reviewed potential impacts, monitoring, mitigation, and verification
issues (MMYV) options, and regulatory structure and defined needs for PCOR
Partnership region activities (27), reviewed leakage for geologic storage
projects in the region and in general (15, 17), and reviewed the status
and options for separation and capture at stationary sources (11)
9 “Best fit” for regional Ranked potential CO, sequestration projects in the region and
sequestration activities determined four optimal candidates for near-term CO; sequestration
projects based on a conceptual model (30).
10 | Inform the public Developed a public Web site (9), six fact sheets (1, 2, 3, 6, 29), a set of
regarding sequestration | newspaper articles (8), and a 30-minute television program broadcast
and its regional regionally on public television stations (4); conducted focus groups (5);
potential; develop and gave presentations at public meetings
maintain a public Web
site
11 | Regional atlas Full-color regional atlas (PCOR Partnership Atlas) that is available as a
booklet as well as on the public Web site (7)
12 | Support RCSP program | Regular conference calls with other partnerships, attendance at
national and regional meetings; facilitated local Programmatic
Environmental Impact Statement (PELS) activities, support to RCSP
working groups, poster for RCSP display at 2004 Governor’s Energy
Summit, active participation in the Regulatory Working Group of the
Interstate Oil and Gas Compact Commission, and participation in the
development of the national sequestration data base being prepared
under DOE’s NATCARB initiative.
13 | Reporting Provided regular quarterly reports and a final report to DOE NETL;

regular communication with Contracting Officer’s Representative (COR)

1 Numbers in parentheses refer to the number given to products in Column 1 in Table 1.
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separation, leakage potential, and
regulatory implications.

Part | — Program Attributes, Data
Management, and Outreach

Part I discusses accomplishments with
respect to the expansion of the region,
growth and consolidation of the
partnership, growth in funding including
matching funds, interaction with the RCSP
Program, development of a data
management system, and outreach.

PCOR Partnership Region

During Phase I, the PCOR Partnership
region grew from five states (Montana,
North Dakota, South Dakota, Minnesota,
and Wyoming) and two Canadian provinces
(Manitoba and Saskatchewan) in the fall of
2003 to nine states (Montana [part],
Wyoming [part], North Dakota, South
Dakota, Nebraska, Missouri, lowa,
Minnesota, and Wisconsin) and three
Canadian provinces (Alberta,
Saskatchewan, and Manitoba), shown in
Figure 1, by the fall of 2005.

This international region encompasses
17% of the combined land area of the
United States and Canada as well as 9% of
the combined population and 9% of the
combined gross domestic product.

PCOR Partnership Members

The PCOR Partnership represents public
and private sector partners from the
United States and Canada. As shown in
Appendix C, the number of partners grew
from 23 in the fall of 2003 to 49 by the fall
of 2005.

PCOR Partnership Funding

As noted in Table 2, the funding for the
PCOR Partnership grew significantly
during Phase 1. Phase I started with a total
project budget of $2,048,139, with DOE
funding of $1,586,614 (77.5%) and
matching dollars of $461,525 (22.5%). By
the fall of 2005, the total Phase I budget
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had grown to $3,298,227, consisting of
$2,455,164 (74.4%) in DOE funding and
$843,063 (25.6%) in matching dollars.

Partnership Building

The PCOR Partnership was strengthened
through a number of activities, including
the sharing of data and information, the
pooling of expertise, collaboration in
planning and assessing prospective
projects, and partner involvement in the
preparation and review of deliverables. As
shown on Table 3, the PCOR Partnership
held several major meetings. In addition,
the EERC, as PCOR Partnership lead,
attended numerous meetings with partners
over the course of the Phase I effort.

Interaction with the National RCSP Program
The PCOR Partnership kept in contact with
other RCSP partnerships through RCSP
working group activities, including
attendance at national meetings and
participation in regularly scheduled
conference calls. Examples of significant
interaction include the following:

¢ The PCOR Partnership collaborated
on the development of an RCSP
display, including a poster for the
PCOR Partnership activities, for the
Governors’ Energy Summit held in
Albuquerque, New Mexico, in April
2004.

» Active role in the Regulatory
Working Group of the Interstate Oil
and Gas Compact Commission.

* The PCOR Partnership provided
materials, presentations, and
information to the RCSP PEIS
hearings held for the PCOR
Partnership region in East Grand
Forks, Minnesota, on June 12,
2004.

» Attendance at the program kickoff
meeting in Pittsburgh in fall 2003
and attendance at the annual



Table 3. PCOR Partnership Meetings

Date Location Meeting

October 2003 Beulah, ND Data needs meeting at Dakota
Gasification Company

December 2003 EERC PCOR Partnership Phase I Kickoff

June 2004 EERC 65th Quarterly Meeting of the Petroleum
Environmental Research Forum (PERF)

October 2004 Billings, MT PCOR Partnership Phase I Midterm

November 2005 Minneapolis, MN (Xcel
Energy Corporate

Headquarters)

PCOR Partnership Phase I Wrap-Up/
Phase II Kickoff

program meetings in Alexandria,
Virginia, in spring 2004 and 2005.

Outreach to Decision Makers

Information on sequestration was given to
decision makers through presentations
and fact sheets. Presentations were given
to the following groups:

* Oil and gas industry

» Legislators

» Utility industry

* Nongovernmental organizations
(NGOs) and trade groups

Notably, the PCOR Partnership fact sheets
were made available to lawmakers in
February of 2005 during North Dakota
committee hearings on legislation
regarding CO; injection incentives.

Data Management

As detailed in the PCOR Partnership
topical report entitled “The PCOR
Partnership Decision Support System”
(O’Leary et al., 2005), the PCOR
Partnership developed a Web-based DSS
as a central repository for the
characterization information collected
during the Phase I sink and source
assessments and to assist its research
team and partners in developing and
assessing the wide range of sequestration
opportunities identified during the Phase I
activities.
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The DSS provides a single point of access
to a wide variety of tools for 1) evaluating
sequestration-related data, 2) assessing
potential CO, storage capacity, and

3) identifying potential matches of sources
with storage opportunities in the region.

Developing the DSS involved

1) determining the purpose of the DSS;

2) dividing the DSS into logical sections;
3) obtaining feedback from the
stakeholders on data requirements,
features, and capabilities; 4) creating and
populating the database; 5) developing the
DSS navigation system; and 6) creating,
testing, and deploying the DSS.

Partners and stakeholders were involved in
each major development step, from
identifying the types of data that are key
parameters for evaluation of sequestration
options to providing direct contacts for
collection of data and offering input into
the design and functionality of the Web site
interface. The DSS is password-protected
at various levels to protect partners’
confidential information while making
available the large majority of the data to
the public.

The DSS is divided into two sections —
publicly available Web pages and a
partnership-only GIS. The publicly
available Web pages contain relatively
static data, such as links to partnership
products, terrestrial maps, snapshots of
regional data, current regulatory



framework for the region, and CO,-related
Web sites.

The GIS interface contains several themes
of georeferenced data that were considered
crucial for the initial phase of the PCOR
Partnership project. These data include
detailed source and sink characterization
information that has been collected or
generated by the research team. The
detailed attribute data associated with the
features in these layers are managed in a
relational database. The GIS server
contains the majority of the base layers
and associated characteristics, including
political boundaries, cities, regional
geology, road and rail transportation,
shaded relief, and land use.

The DSS was put into production in
February 2004. As new features and data
sets were added, the partnership members
were notified via e-mail. The DSS was used
by the PCOR Partnership research team to
develop knowledge of the character and
spatial relationships of sources, sinks, and
infrastructure. This knowledge assisted the
researchers in the identification of major
CO; sequestration opportunities in the
region and the development of action
plans.

The DSS was used to generate reports on
the general reservoir characteristics of
selected oil fields that may come under
consideration for CO; flood EOR and to
develop detailed information on potential
sources that may provide CO; for such
operations. In addition, the DSS has been
used to identify areas that may present
challenges with regard to deployment,
such as national wildlife refuges, national
parks, and national forests and
grasslands. The DSS was demonstrated at
the project meetings and at several
conferences. The major GIS layers — sinks
and sources — have been made available to
the NATCARB Web site.
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The characterization data from the DSS
were used in preparing the PCOR
Partnership Regional Atlas in Appendix D.
The atlas is designed to be an outreach
tool for the PCOR Partnership partners
dealing with CO> sequestration issues.

Public Education and Outreach
Information on sequestration was made
available to the general public through a
public Web site, a television documentary,
fact sheets, news releases, and newspaper
articles.

Web Site

The public Web site (www.undeerc.org/
pcor/default.asp) went online in June
2004 and is maintained on the EERC
server. The Web site is also the point of
entry for the DSS (accessible only to PCOR
Partnership members during Phase I).

Television Documentary

The 30-minute television documentary,
Nature in the Balance — CO2 Sequestration,
was aired on Prairie Public Television
(PPTV) May 12, 2005, with a second
showing a week later. The documentary,
written and produced by the EERC and
PPTV, provided a general introduction to
CO,, the greenhouse effect, and climate
change; provided information on terrestrial
and geologic sequestration including
regional activities; introduced the RCSP
Program and the PCOR Partnership; and
touched on evolving strategies, including
FutureGen, intended to reduce
anthropogenic CO, emissions. The
documentary is included as Disk 3 in
Appendix A. Nearly 325 of the 1000 DVDs
printed in May 2005 have been distributed
to partners, interviewees, and other
interested parties. The remaining DVDs
will be distributed to teachers and citizens
through activities that will continue
through Phase II.

Focus Groups
Nature in the Balance was shown to two
focus groups in April of 2005 in Williston,



North Dakota. The Williston area was
chosen for the focus groups because it has
the potential to have both terrestrial and
geologic sequestration activities. As
detailed in the PCOR Partnership Topical
Report entitled “Carbon Sequestration — A
Community Focus Group Study of
Attitudes in Williston, North Dakota”
(Hanson et al., 2005), the focus groups
found the documentary informative and
voiced interest in learning more about
what they as citizens could do to reduce
CO; emissions from their own activities.

Education

A number of educational resources
including the sequestration curriculum
developed by Keystone were identified and
will be listed on the public Web site.

Fact Sheets

Fact Sheets (found in Appendix A) included
“What Is CO; Sequestration?” (Energy &
Environmental Research Center Plains CO;
Reduction Partnership, 2005a), “Carbon
Dioxide Sequestration — Controlling CO»
Emissions to the Atmosphere Through
Capture and Long-Term Storage” (Energy
& Environmental Research Center Plains
COz Reduction Partnership, 2005b), the
Weyburn Sequestration Project “The
Weyburn Oil Field — A Model for Value-
Added Direct CO; Sequestration” (Energy &
Environmental Research Center Plains CO;

26%

24%

6%

Reduction Partnership, 2005c), “Identifying
CO; Sequestration Opportunities” (Energy
& Environmental Research Center Plains
CO; Reduction Partnership, 2005¢), and
“Wetland Carbon Sinks in the Glaciated
North American Prairie (Terrestrial)”
(Energy & Environmental Research Center
Plains CO; Reduction Partnership, 2005d).

Part Il - PCOR Partnership Region
Characterization

The primary mission of the PCOR
Partnership is to facilitate the
implementation of geologic sequestration
strategies. To that end, the Phase I
activities included reconnaissance-level
determination of the stationary CO,
sources in the region and the potential
sequestration capacity of the terrestrial
and geologic sinks in the region.

Sources and Emissions

Federal and provincial greenhouse gas
inventories contain summarized data on
CO; emissions from fossil fuel combustion
(U.S. Environmental Protection Agency,
2005; Environment Canada, 2005).
Figure 3 shows the percentage of these
emissions in various sectors for the year
2000 for the states and provinces of the
PCOR Partnership region, including the
entire states of Montana and Wyoming.
The PCOR Partnership source
characterization data, housed in the DSS,

EERC E026476.CDR
= Transportation
I Residential
1 Commercial/Industrial
[ Electric Power

Total CO, emissions: 883 million tonnes (973 million tons)

Figure 3. Year 2000 CO; emissions from fossil fuel combustion by sector for entire states and
provinces within the PCOR Partnership region.

14



include only the portion of Montana and
Wyoming that are within the region’s
boundaries.

Figure 4 displays these same sectors as
compared to the entire CO, emissions for
the United States and Canada combined.
The Phase I assessment provided by
O’Leary et al. (2005) identified, quantified,
and characterized over 1000 stationary
sources within the PCOR Partnership
region (Figure 5). The emissions from these
stationary sources totaled nearly

502 million tonnes (553 million tons) of
CO; annually. CO; is emitted from
electricity generation; energy exploration
and production activities; agricultural
activities; fuel, chemicals, and ethanol
production; and various manufacturing
and industrial activities. Table 4 shows
that the majority of the region’s CO>
emissions come from just a few source
types. About two-thirds of the CO; is
emitted during electricity generation,
followed by industrial sources, petroleum
refining and natural gas processing,
ethanol production, and

agricultural processing. Figure 6 shows the
CO, emissions profile by state and
province.

The emissions profile (i.e., the percentage
of CO; emissions from various source
types) for the Canadian portion of the
PCOR Partnership is virtually identical to
that of Canada as a whole. However, when
compared to the total U.S. CO; emissions,
the states in the PCOR Partnership region
emit relatively more CO; from electric
utilities and less from industries and
transportation. For the most part, the
distribution of the sources with the largest
relative CO2 output is coincident with the
availability of fossil fuel resources, namely
coal, natural gas, and oil. This relationship
is significant with respect to geologic
sequestration opportunities. Many of the
smaller sources are concentrated around
more heavily industrialized metropolitan
regions in southeastern Minnesota and the
southeastern portion of the region.
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Figure 4. Year 2000 CO; emissions from fossil fuel combustion by sector for states
and provinces of the PCOR Partnership region relative to the emissions of the rest of the
United States and Canada.
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Table 4. Summary of CO. Point Sources Identified in the PCOR Partnership Region
(O’Leary et al., 2005)

% of All CO, Emissions, % of CO»

Source Type Quantity Sources short tons/yr2  Emissions
Agricultural Processing 115 10.6 3,647,014 0.7
Ammonia Production 4 0.4 1,780,350 0.3
Animal and Animal By-Product 1 0.1 6,203 0.0
Processing
Asphalt Production 23 2.1 1,485,825 0.3
Cement/Clinker Production 13 1.2 12,473,725 2.3
Chemical Production 38 3.5 17,888,288 3.2
Cogeneration 2 0.2 588,559 0.1
Electric Generating 156 14.4 368,397,831 66.6
Ethanol Manufacturing 62 5.7 16,404,839 3.0
Fertilizer Production 2 0.2 38,749 0.0
Foundries /Manufacturing 4 0.4 2,063,867 0.4
Fuels/Chemicals 1 0.1 5,550,057 1.0
Industrial /Institutional Heat 98 9.1 3,070,173 0.6
and Power
Iron Ore Processing 6 0.6 2,930,200 0.5
Lime Production 11 1.0 3,974,866 0.7
Manufacturing 205 18.9 10,478,547 1.9
Metals Processing 23 2.1 788,309 0.1
Minerals Processing 9 0.8 509,360 0.1
Mining 9 0.8 122,037 0.0
Miscellaneous 10 0.9 102,966 0.0
Municipal Heat and Power 8 0.7 680,882 0.1
Natural Gas Processing 31 2.9 9,023,148 1.6
Natural Gas Transmission 71 6.6 3,542,082 0.6
Paper and Wood Products 124 11.5 33,937,872 6.1
Petroleum and Natural Gas 14 1.3 28,897,723 5.2
Processing
Petroleum Refining 16 1.5 17,717,687 3.2
Sugar Production 10 0.9 4,348,914 0.8
Waste Processing 17 1.6 2,336,808 0.4
TOTAL 1083 100 552,786,881 100

a To convert the short tons in the table to metric tons, multiply by 0.9072.

Sinks and Sequestration Potential capacity for geologic sinks and a total
The PCOR Partnership region contains sinks terrestrial capacity of 1.4 billion tones
in two major categories — terrestrial and (1.5 billion tons) per year for the near term.

geologic. Terrestrial sinks are largely located

near the earth’s surface, while geologic sinks  Terrestrial Sequestration

are in the subsurface. The preliminary Phase  The earth’s land surface, including wetlands
I idealized assessments indicated over 219 but excluding lakes and rivers,

billion tonnes (242 billion tons) of total
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Figure 5. The PCOR Partnership geographic region showing major sinks and stationary
sources.

constitutes the overall terrestrial sink
resource. Within this overall resource, the
land’s surface can be divided into areas
that broadly reflect potential for carbon
storage — grasslands, forestlands,
croplands, and wetlands as well as areas
with little or no potential for CO, uptake.

The landscape represents an active natural
system that is already interacting with CO,
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in the atmosphere. The natural systems
may have a net intake of COg, a net
output, or be neutral. Those areas with the
capacity for a net intake of CO; have a
finite uptake capacity and will reach
equilibrium with respect to CO; flux over a
period of time.

The PCOR Partnership ranked the areas of
the landscape with respect to potential to
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Figure 6. Emissions profile of the PCOR Partnership region.

accept additional CO,, including those
areas that can be managed to improve CO,
uptake. During Phase I, the region was
assessed in order to determine priority
areas and project types for terrestrial
sequestration.

General survey activities were
supplemented by 1) an inventory and
characterization of the extensive Prairie
Pothole wetland region and 2) specific
cropland and grassland studies in upland
settings in southwest North Dakota.

Land, Climate, and Vegetation

The elevation within the PCOR Partnership
region varies from 150 meters (500 feet) in
the east to 3700 meters (12,130 feet) in the
west. The northern two-thirds of the region
was glaciated, which affected the character
of the soil and the landscape. For example,
there are a greater number of lakes,
wetlands, and closed drainages in the
glaciated areas. Prior to agriculture and
lumbering, the region was characterized by
steppe and prairie grassland, with
deciduous forest restricted to the eastern
and northern flanks (and in river valleys)
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grading into needle leaf forest in the far
north.

Soils are among the largest pools of carbon
and hold great promise for mitigating the
increasing atmospheric concentrations of
carbon through expanding soil carbon
capture (Marland et al., 2001). Lal (2002)
suggests that the present carbon storage of
U.S. soils can be increased by 30%-50% in
the next 50 years and may prove to be a
cost-effective measure while technologies
are developed to lessen emissions.

Previous investigators have estimated that
midwestern U.S. cultivated soils have been
depleted of organic carbon by 10-16 metric
tons (MT) of carbon per acre and that the
conversion from natural to cultivated lands
has resulted in soil organic carbon (SOC)
reductions of 3 x 109 MT to 5 x 109 MT
(Lal, 2002; Dumanski et al., 1998). In
Canada, where nearly 80% of the land
farmed is in the prairie provinces of
Manitoba, Saskatchewan, and Alberta
(Dumanski et al., 1998), similar trends are
evident, with organic carbon reduced by
15% to 35% following cultivation.



The temperate to subarctic winter climates
of the PCOR Partnership region are ideal
for organic carbon soil accumulation
because of reduced microbial activity and
minimal carbon decomposition (Collins
and Kuehl, 2001).

A significant proportion of land in the
PCOR Partnership region is dominated by
black, fertile mollisols that have a
significant potential for accumulating SOC.
The high concentrations of organic carbon
in the near-surface zones of mollisols are
attributed to the fibrous root systems of
native grasses (Collins and Kuehl, 2001).

Terrestrial Sink Types in the Region

As shown in Figure 4, the terrestrial sink
resource of the PCOR Partnership
encompasses approximately 90% of the
352 million ha (1.36 million square miles)
of the PCOR Partnership region. As
detailed in Table 5 and in de Silva et al.
(2005), the region contains five basic
categories of terrestrial sinks defined on
the basis of vegetation, land use, and
landscape. These are croplands,
grasslands, forestlands, wetlands (pothole
and peat types), and nonsink.

Cropland

As shown in Figure 7, approximately 30%
of the land cover that makes up the PCOR
Partnership region is agricultural lands.
This represents over 220 million acres.
With much of the PCOR Partnership region
already in the agricultural land base,
expansion of agricultural activities is
unlikely (Paustian and Cole, 1998).

For croplands in general, there will be a
peak in the rate of carbon accumulation
within the 5-20-year time frame, followed
by a decrease in the rate of carbon
accumulation. For Nebraska, modeled
cropland carbon sequestration rates for
2000 showed estimated yields of

0.06 mTC ac-1 yr-1 across the state, with a
range of 0.01-0.25 mTC ac-1 yr-1. This
range was influenced primarily by water

management and tillage practices (Brenner
et al., 2001a).

Tillage is key for carbon uptake. For
example, on average, when converting from
conventional farming to no-till for all crop
systems in North Dakota, the carbon
storage rate is 0.23 £ 0.06 mTC ac-1 yr-1
(N.D. Farmers Union and U.S. Geological
Survey, 2003a). However, summer fallow
does not increase organic soil carbon; only
a change to no-till practices achieves that
result (N.D. Farmers Union and U.S.
Geological Survey, 2003a).

The Phase I Hettinger Study by North
Dakota State University (NDSU) (Cihacek
et al., 2005) focused on refining the
understanding of the effect of tillage
management on carbon uptake, specifically
to evaluate the economic potential for
carbon sequestration on cropland in
Adams, Bowman, Hettinger, and Slope
Counties in southwest North Dakota,
which is dominated by dry land small grain
production and livestock grazing.

Grassland

As shown in Figure 7, approximately 19%
of the PCOR Partnership region is made up
of grasslands, while 9% is shrublands
(European Commission Joint Research
Centre, 2003), representing over

208 million acres (84 million hectares) in
aggregate (National Association of State
Foresters, 2005; European Commission
Joint Research Centre, 2003). Major
amounts of grasslands and shrublands
can be found in Saskatchewan, Manitoba,
and Alberta, with over 60 million acres
(24 million hectares) combined, and
Montana (50 million acres), (20 million
hectares), Nebraska (20 million acres)

(8 million hectares), North Dakota

(12 million acres) (5 million hectares),
Missouri (14 million acres) (6 million
hectares), South Dakota (24 million acres)
(10 million hectares), and Wyoming

(28 million) (11 million hectares ) (National
Association of State Foresters, 2005;



Land Cover 2000
- Forest (31.4%)

[ | shrubland (9.3%)
[ | Grassland (19.2%)
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Figure 7. Land cover for the PCOR Partnership region (European Commission
Joint Research Centre, 2003).
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Table 5. Semiquantitative Assessment of Terrestrial Sinks in the PCOR Partnership
Region!

Estimated Potential of
CO2 that Can Be

Relative Sequestered per Year
Sink Area, CO2 Time to Over the Next 50 PCOR Phase ]
Terrestrial millons of Uptake Reach CO2 years, millions of Focus and
Sink? hectares!.3 Rate Equilibrium tons3 Products
Cropland 895 Low 20 yr 686 Southwestern
North Dakota and
Grassland 84 Medium 50+ yr 1937 adjacent areas;
Cihacek et al.
(2005); Cihacek
(20054, b)
Forestland 131 High 20+ yr 1044s Reconnaissance
assessment only
Wetlands 169 High 50+ yr 15310 Inventory Prairie
(Prairie Pothole wetlands
Potholes)! in United States
and Canada;
Gleason et al.
(2005)
Wetlands ! 41 Low 50+ yr 4911 Reconnaissance
Peatlands? assessment only
Total Sink Area 361
Total Nonsink 2
Area
Total Surface 363
Area
1 Hectares do not correspond directly to percentages from remote sensing in Figure 7.
2 Landscape dominated by this type of sink.
3 Values rounded to nearest million.
4 Total annual uptake approximately 1.5 billion tons.
5 Northern third of the region contains significant Prairie Pothole wetlands.
6

Calculated using National Association of State Foresters (2005); Statistics Canada (2001); N.D. Farmers

Union and U.S. Geological Survey (2003b); and Bangsund et al. (2005a).

7 Calculated using National Association of State Foresters (2005); European Commission Joint Research
Centre, (2003); and Brenner et al. (2001a).

8 Calculated using McDougall (1986); Manitoba Geography (2005); Saskatchewan (2001); and IEA Greenhouse
Gas R&D Programme (2005).

9 Actual extent of wetlands; Prairie Pothole wetlands occur within and overlap several ecosystem/sink types;
restorable wetlands, the most useful for sequestration, comprise 5 million ha of the 16 million ha in this sink
type.

10 Based on Euliss et al. (2005).

11 Calculated using N.D. Farmers Union and U.S. Geological Survey (2003b); lowa State University (2005); and

U.S. Fish & Wildlife Service (2005).

European Commission Joint Research conversion of marginal cropland to

Centre, 2003). grasslands may prove to be a feasible
option to promote carbon buildup in

On average, dry, temperate rangelands in biomass and soils. Sequestration rates

North Dakota have the potential of modeled on 1998 data for lowa estimated

sequestering carbon for approximately carbon yields at a rate of 0.53 mTC ac-1

12-56 years before equilibrium is yr-1 for conversion from cropland to the

established, with an average storage rate of Conservation Reserve Program (CRP)

0.04 mTC ac-1 yr-1 (N.D. Farmers Union (Brenner et al., 2001b). Even the

and U.S. Geological Survey, 2003a). The conversion of continuously cropped land to
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a managed grazing system increases
efficiency of soil carbon sequestration
because there is less soil surface
disruption, increased root biomass
production, and the return of organic
matter in the form of animal dung and
urine to the soil (Faller, personal
communication, 2004; Schuman et al.,
2001; Schnabel et al., 2001).

Forestland

As shown in Figure 7, the region contains
over 249 million acres of forestlands not
including other wooded land of 75 million
acres (Canadian Forest Service, 2001;
National Association of State Foresters,
200595). With forests representing 31% of
the land cover of this region (Figure 1) and
with temperate forests contributing a
substantial quantity of organic carbon in
aboveground materials and surface soil to
a depth of 30 cm in comparison to other
ecosystems, reforestation and afforestation
provide some of the best options to
sequester additional carbon (de Silva et al.,
2005).

The afforestation rate of carbon
accumulation for white spruce, green ash,
and hybrid poplar in the Canadian PCOR
Partnership provinces at ages 5 and 10
ranged from 0.113 to 2.12 mTC ac-1yr-1
(Peterson et al., 1999). Since afforestation
can store more carbon than other
ecosystems such as agriculture lands,
afforestation programs have great potential
for mitigating carbon in the atmosphere
(Plantinga et al., 1999).

Wetlands

As shown in Table 5, frequent wetland
occurrence covers more than 21 million
hectares of the PCOR Partnership region
(Natural Resources Canada, 1993; N.D.
Farmers Union and U.S. Geological Survey,
2003b; Iowa State University, 2005; U.S.
Fish & Wildlife Service, 2005) and includes
primarily peatlands and prairie potholes.
However, as shown in Figure 7, wetlands
occupy only a fraction of the land in this
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area. With European settlement, wetlands
were cultivated; today these same areas
overlap several ecosystems, incorporating
drained and/or altered wetlands.

The glaciated Prairie Pothole Region (PPR)
is characterized by croplands and
grasslands interspersed with shallow
palustrine [marshy] wetlands (Figure 8)
and is estimated to include 17 million
acres of wetlands (Euliss et al., 2005; U.S.
Fish & Wildlife Service, 2005) within
Alberta, Saskatchewan, Manitoba, North
Dakota, South Dakota, Minnesota, lowa,
and Montana. But the PPR acreage may be
substantially larger (43 million acres) if one
includes drained or altered wetlands
(Euliss et al., 2005). Recent research
indicates that farmed PPR wetlands, if
restored, could sequester as much as

378 million metric tons of organic carbon
over the next decade, if contributions from
the soil, sediment buildup, and plant
ecosystem are accounted for (Euliss et al.,
2005).

Phase I PCOR Partnership work by U.S.
Geological Survey (USGS) and Ducks
Unlimited Canada (DUC) scientists
demonstrates that restoration of previously
farmed wetlands results in the rapid
replenishment of SOC lost to cultivation at
an average rate of 3 Mg ha-1 yr-1

(1.2 MT acre-1 yr-1). They estimate that
over the next 10 years, by using a more
conservative quantification than Euliss et
al. (2005), approximately S ha of
potentially restorable wetlands existing in
the PPR could account for as much as

111 metric tons of SOC, with an additional
25 metric tons associated with vegetative
standing crop. The carbon sequestration
potential by county and rural municipality
in the PPR based on wetland restoration is
shown in Figure 8. Restoration of wetlands
will probably result in added benefits, such
as the reduction of emissions of methane
and nitrous oxide (Gleason et al., 2005).
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Figure 8. Extent of croplands and grasslands in the PCOR Partnership’s PPR (United States
and Canada).

The peat region covers well over

100 million acres (160,000 square miles,
40 million ha) within the PCOR
Partnership region. This area was not a
focus during Phase I. It should be noted
that the vast expanse of land that
comprises the peatlands does make a
substantial contribution to the naturally
occurring accumulation of carbon. Relative
to the PPR, peatlands have high methane
emissions (Gleason et al., 2005) and tend
to accumulate carbon at rates tenfold
slower than the PPR.

Nonsink

As shown in Figure 7, about 10% of the
area of the region is not suitable for carbon
uptake. This area is evenly divided between
natural features like lakes, rivers, and bare
rock outcrops and anthropogenic features
like roads and buildings. The natural
features in this preliminary analysis
correspond to major bodies of water
including Lake Winnipeg (24,387 km?, or
9416 mi?), the major reservoirs on the
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Missouri River (Fort Peck Lake [1658 mi?],
Lake Oahe [1164 mi2|, Lake Sacagawea
[1403 mi?]), and the numerous lakes in
Minnesota (4854 mi2) and Wisconsin
(1727 mi?2).

Terrestrial Sequestration Capacity and the
Place of Incentives

As shown in Table 5 and Figure 7, the
idealized terrestrial sink capacity of the
PCOR Partnership region is 1.5 billion tons
per year for the near 