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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 National Energy Technology Laboratory. 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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This material is based upon work supported by the Department of Energy National Energy
Technology Laboratory under Award Number DE-FC26-05NT42592.

DOE 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.

NDIC DISCLAIMER

This report was prepared by the EERC pursuant to an agreement partially funded by the
Industrial Commission of North Dakota, and neither the EERC nor any of its subcontractors nor
the North Dakota Industrial Commission nor any person acting on behalf of either:

(A) Makes any warranty or representation, express or implied, with respect to the
accuracy, completeness, or usefulness of the information contained in this report or
that the use of any information, apparatus, method, or process disclosed in this report
may not infringe privately owned rights; or

(B) Assumes any liabilities with respect to the use of, or for damages resulting from the
use of, any information, apparatus, method, or process disclosed in this report.



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 North Dakota Industrial Commission. The views and
opinions of authors expressed herein do not necessarily state or reflect those of the North Dakota
Industrial Commission.
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PUBLIC SITE UPDATES

EXECUTIVE SUMMARY

This report summarizes the proposed 2012 contractual update to the Plains CO, Reduction
(PCOR) Partnership public Web site for the period from January 15, 2010, to July 31, 2012. The
proposed update includes revisions to the Home Page and Educator Page and an expansion of the
CO, Sequestration Projects section from one page to nine pages in order to include information
on each of the Phase Il projects and the Phase Il verification test projects, as well as information
on other carbon capture, utilization, and storage projects in the PCOR Partnership region. In
addition to a summary of the revisions and additions that comprise the D13 update for 2012, this
report provides images and links to the proposed pages as well as existing pages where
appropriate. The PCOR Partnership public Web site has been online since the summer of 2005,
and the next contractual update is due in July of 2014.
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PUBLIC SITE

PDATES

INTRODUCTION

The U.S. Department of Energy Office of Fossil Energy National Energy Technology
Laboratory’s Regional Carbon Sequestration Partnership (RCSP) Program requires that each
regional partnership have a public Web site to inform and educate the general public regarding
sequestration in general and regional RCSP activities. The Plains CO, Reduction (PCOR)
Partnership’s public Web site has been live since the summer of 2005, and the PCOR Partnership
Outreach Team is continuously striving to keep the public Web site up to date and to provide
content in an interesting format to the general public. During Budget Period 4, updates will
happen every 2 years with minor elements being updated on a more regular basis. The most
recent Web update was provided in January of 2010.

The PCOR Partnership is led by the Energy & Environmental Research Center (EERC) at
the University of North Dakota. The public Web site subtask is managed by Dan Daly, EERC
Research Manager. Major contributors providing content to the public Web site include PCOR
Partnership public Web site team members Tera Buckley (formerly of the EERC), Dan Daly
(Task Leader), Katherine Anagnost, and Charlene Crocker. The Web site update was supported
by the Programming, Communications, and Graphics groups at the EERC as well as other PCOR
Partnership personnel.

SITE IMPROVEMENTS

The updates proposed to the PCOR Partnership public Web site for the period from
January 15, 2010, to July 31, 2012, includes updates to the Home Page and Educator Page,
replacing the PCOR Partnership Atlas, 3rd Edition, with the 4th Edition and an expansion of the
CO; Sequestration Projects section from one page to nine pages in order to include information
on the Phase I11 projects as well as other carbon capture, utilization, and storage (CCUS) projects
in the PCOR Partnership region. Except where noted, the proposed Web pages will go live
pending approval of the new pages described below.



HOME PAGE

Changes to the home page (Figure 1) include the addition of the PCOR Partnership annual
meeting button and Bell Creek fact sheet link added to the left column. The home page has also
been updated to include the image of the newly published PCOR Partnership Atlas, 4th Edition
and the new CO; projects map that links to the CO, Sequestration Projects page. With the
exception of the new map image, all changes have already been implemented on the existing
public Web site home page.
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Energy (DOE) National Energy Technology Laboratory's (NETL's)
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Figure 1. Updated home page.
Test link: http://stage.undeerc.org/PCOR/default.aspx

Existing link: www.undeerc.org/PCOR




THE ATLAS, 4TH EDITION

The PCOR Partnership Regional Atlas page (accessed via the home page [test link] and the
News and Publications menu selection [not part of the test site]) has been updated with content
from each of the seven chapters and the reference section of the 4th edition (published
June 2012). Figure 2 shows the content listing. Each topic listed is a hyperlink to the
corresponding page in the Atlas. In addition, the PDF of the entire atlas can be downloaded from
both the home page and the Atlas page. These pages became available on the public Web site in
June 2012.
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Figure 2. PCOR Partnership Regional Atlas, 4th Edition, Web page.
Test link: http://stage.undeerc.org/PCOR/newsandpubs/atlas.aspx;
Existing link: www.undeerc.org/PCOR/newsandpubs/atlas.aspx




EDUCATOR PAGE
The Educators page (Figure 3) has been updated to include the following new sections:

e See Us at These Upcoming Education Events for Teachers
e Recent Educational Events for Teachers

Information on the Prairie Energy and Carbon Teacher Training Institute (PECTTI), a
recent collaboration between the PCOR Partnership and Prairie Public Broadcasting
(www.prairiepublic.org), has been added, including an external link to the lesson plans
developed by teachers attending the workshop (www.prairiepublic.org/education/teachers/
media-resources/eerc-2011-lesson-plans). The page has also been enhanced with photos of the
recent PECTTI. This page will go live once it is approved by program management.
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Video Clip Library
Frequantly Asked Questions
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Educators

The POOR to providing
resources that address the role of practical and environmentally

ip i=

safe ways to reduce anthropogenic €0, emissions and the lavel of
€O, in the atmosphere,

Carbon management is a great topic to study because it integrates
so many subjects: energy. environmant. geography, politics,
chemistry, biclogy, sconomics, and more. It requires students to
use analytical tools ko exercise their abilities to research. think, and
understand complex Issues.

Dan Baly, PCOR Partnership Gutreach Managar,
presents during the Prairie Energy & Carbon Teacher
Training Institute.

See Us at These Upcoming Educational Events for Teachers
North Dakota Patroleum Council Teacher Education Lignite Encrgy Council Education Seminar

June 2013

gismarck State College

8ismarck, Nerth Daketa

Seminar

June 2013

Bismarck State Collage
Bismarck, North Dakots

Recent Educational Events for Teachars

Missouri Minerals Education Foundation
Teacher Workshop

July 13-20, 2012

Mineral Area College

Park Hills, Missouri

Lignite Energy Council Education Seminar
June 18-21, 2012

Bismarck State College

Bismarck, North Dakota

North Dakota Petroleum Council Teacher Education
Seminar

June 11-14, 2012

Bismarck State College

Bismarck, North Dakota

The Changing Face of North Dakota
North Dakota Geographic Alliance
June 4-8, 2012

Dickinson State University
Dickinsan, North Dakota

Recommended Curriculum Sources

+ In collaboration with Prairic Public Broadcasting, the PCOR Partnership hosted the Prairie Energy & Carbon
Twacher Training I

stituts on November 18-19, 2011, at the Energy & Environmental Ressarch Canter in Grand

Forks. North Dakota. Check out the lesson plans developed during the institute.

Teachers tour the EERC during the
Prairie Energy & Carbon Taacher Training [nstitute

The Kaystone Center developed middle and high schecl climate lesson plans. Each vear, sevaral curiculum
training workshops are held across the United States. In July 2009, a 2-day training session was held in Omaha,
Nebraska, in with the PCOR .

+ The Enargy

has K-12 climata lesson plans that cover many optiens for

raducing CO, amissians.
The Institute for Clobal d d I

for e

provide students in grade levels 1-12 with an understanding of and activities focused on the potential
consequences of climate variatility and change,

The Teachars' Cuide to High-Quality Educational Materials on Climate Change and Clobal Warming peints K-12
educators to the best online resources for teaching about climate change: several that offer first-rate background
materials and include detailed lesson plans and experiments.

Figure 3. Updated Educators page.

Test link: http://stage.undeerc.org/pcor/educators/
Existing link: www.undeerc.org/PCOR/educators/default.aspx




CO,; SEQUESTRATION PROJECTS

Formerly one page, this section has been expanded to include information on major CCUS
projects in the PCOR Partnership region, including separate pages for the four Phase Il field
validation tests and the two Phase IlI demonstrations. The landing page for this section,
presented in Figure 4, is a map of the region with each project labeled. Clicking on the project
label opens a new window containing a brief description of the project and a link to a separate
page. Figure 5 shows all of the project windows, which open separately on top of the existing
window.
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About the Partrerstiz CO, Sequestration Projects in Our Region

Caston Sequestration, Chnate The PCOR Partnership is bringing industry, government, and communilies tagether to oplimize practizal and envirsementally ssund carben
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region. With the success of the vahdation tests, the PCOR Partr p & currently pa: NG in two large- tor projects
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rlici in other carton caplure and storage (CCS) projects throughout our region at vanous levels of involvement.
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Figure 4. Updated CO, Sequestration Projects landing page.
Test link: http://stage.undeerc.org/pcor/co2segprojects/#
Existing link: www.undeerc.org/PCOR/co2seqprojects/default.aspx




Fost N e taatin Basal Cambrian Characterization Project

Location: 1.34 million km? surrounding the U.5. and

Planned COz Injection: Up ta 2.2 million tons o

(2 million tonnes) a year
This binational project will evaluate the CO: storage

potential in the Basal Cambrian System, referred to
as the Cambro-Ordovician Saline System (COSS).

This commercial project is demonstrating that CO=
from a natural gas-processing fadlity can be safely
and cost-effectively stored permanently

underground.

‘Weyburn—Midale CO:z Project

Zama Field Validation Test
Location: Saskatchewan, Canada

Location: Alberta, Canada
Projected Size: 44 million tons (40 million tonnes) of
CO: storage and at least 122 million barrels of
incremental oil production

CO:z Injected: 93,000 tons (85,000 tonnes) through
May 2012

CO: is captured from Dakota Gasification Company's
Great Plains Synfuels Plant in Beulah, North Dakota,
and piped 205 miles into the Weyburn and Midale oil
fields for EOR.

This project continues to demonstrate that acd
gases (CO: + hydrogen sulfide), obtained during the
purification of natural gas, can be safely injected
underground to produce additional cil and
permanently stere COz underground.

Quest CCS Project

Location: Edmonton, Alberta, Canada

Aquistore Project Planned CO= Injection: 1.1 million tons (1 million

Location: Southeastern Saskatchewan, Canada tonfas)z year
€Oz from Shell’s Scotford Upgrader, which processes
heavy oil from the Athabasca oil sands, will be
transported by pipeline to an injection location north
of Shell Scatford.

Planned CO: Injection; ~1760 tons (1600 tonnes) a
day

CO: will likely be obtained from the Boundary Dam
Integrated CCS Demonstration Project in Canada

and piped 3 to & miles to 3 deep saline formation in . Project
the williston Basin. L|
- == - Location: Estevan, Saskatchewan, Canada
Northwest McGregor Field validation Test
Projected Size: 1.1 million tons {1 million tennes) a
Bell Creak Demonctration Location: Northwestern North Dakata, United States vear of greenhouse gas (GHG) emission reductions

CO: Injected: 440 tons (400 tonnes) This SaskPower praject will rebuild 2 coal-fired
generation unit at the Boundary Dam Power Station
and equip it with a fully integrated carbon capture
system, allowing for the capture of CO: for enhanced

oil recovery.

Location: Southeastern Montana, United States

This small-scale test confirmed that deep oil-bearing
limestone rocks (deeper than a mile and 2 half, or
2400 meters) have potential for additional oil
production and can also permanently store COz.

Planned CO: Injection: »1 million tons (0.9 million
tonnes) a year

This commerdial project is setting a new standard for
safely and efficently using CO: for enhanced oil
recovery and simultaneous CO: storage.

Terrestrial Field Validation Test

Location: North-central South Dakota, United States

Lignite Field Validation Test

CO: Storage: 1.1 tons of soil organic carbon per acre

Location: Northwestern North Dakota, United States
per year (0.4 tonnes per hectare)

CO:z Injected: S0 tons (82 tonnes)

This small-scale test suggested that unminable
lignite coal seams may act as permanant

This effort confirmed that Iand management practices
can result in significant carbon uptake by soils,
wetlands, and grasslands in the Prairie Pothale
ecosystem and tested and verified the type of

underground storage zones for COa.

sampling and measurement needed to produce high-
quality carbon offsets.

.

EERC CC46478.A1

Figure 5. Project information boxes that pop up when hot spots (project titles) are selected on the
landing page (Figure 4).
Test link: http://stage.undeerc.org/pcor/co2seqprojects/#
Existing link: www.undeerc.org/PCOR/co2seqgprojects/default.aspx




Each project has its own Web page. The four PCOR Partnership Phase Il field validation
“Learn More” links go to the existing PCOR Partnership fact sheets for each of these activities
(images not included). The Basal Cambrian “Learn More” link goes to the Geologic
Characterization of the Basal Cambrian System page presented in Figure 6, which provides a
description of this Phase 111 activity.
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Geologic Characterization of the Basal Cambrian System

The oldest layer of sedimentary rock in the northern Great
Plains region is dated to the Cambrian and Ordovician period
of geoclogic time—&00 million years ago. This Cambrian-age
rock layer is more than 1000 ft thick and reaches a depth of
14,000 feet in the center of the Williston Basin (4400 maeters)
and is the oldest and deepest rock layer that can be used for
the U storage of a g CO,. Because the
pores of the sedimentary rock contain very salty water (up to
10 times as salty as ocean water), the zone of rock is

referred to as the Cambro-Ordovician Saline System (COSS).

Because much of the COSS rock layers are deep underground
in the region, they are rarely penetrated by drilling for
hydrocarbons. As 3 result, less is known about the rocks of
the COSS or the chemistry of the fluids they contain in their
pores relative to shallow layers of rock. The Basal Cambrian
Geological Characterization Project will remedy this by
studying the geology of the COSS and suitability of the COSS
rock formations and fluids for geologic storage of CO,. The
project vill feature a close collaboration between Canadian
and U.5. scientists and result in a detailed picture of the

COSS across the entire region. Click to Enlarge
Project Goals
1In the 1.34-million-km? area underlain by the COSS, there are 43 large CO, sources that each emit more than 0.75 Mt
CO,/year. Assuming that all of these emissions from each of these sources will be stored in the COSS, the main
questions to be addressed by this project are:

+ What areas of the COSS are suitable for CO, storage?

» How many years of CO, emissions can be stored in the COSS?
How vill geologic CO, storage likely affect the rocks and fluids of the COSS?
How will the CO, behave once injected into the rocks and fluids of the COS5?

-

Project Phases
The project started on October 1, 2010, and is structured in three 1-year phases.

+ Phase I focused on dalineating and characterizing separately the Canadian and U.S. portions of the COSS.
Phase II brought together the data from Phase I into a single 2-D model. Data on depth, thickness, and porosity
were collected to compute the CO, storage resource of this saline system.

Phase II vill develop a massive 3-D geologic model encompassing the entire study area.

-

.

Binational Effort
This binational collaborative effort is led on the U.5. side by the Energy & Environmental Research Center (EERC) through
the Plains CO, Reduction (PCOR) Partnership and on the Canadian side by Alberta Innovates = Technology Futures
(AITF). Other partners include:
* U.S. Department of Energy
+ Lavrence Berkeley National Laboratory
« Princeton University
Saskatchewan Industry and Resources
Manitoba Water Stewardship
Manitoba Innovation — Energy and Mines
+ CanmetENERGY

.

.

Natural Resources Canada
TOTAL E&P Ltd.
University of Regina Petroleumn Technology Research Centre

-

.

.

Figure 6. New Phase |1l Basal Cambrian activity page, accessible from the CO, Sequestration

Projects landing page.

Test link: http://stage.undeerc.org/pcor/co2seqprojects/BasalCambrian.aspx

No equivalent link exists.
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The Bell Creek “Learn More” link goes to the Bell Creek Integrated EOR and CO, Storage
Project page presented in Figure 7. This page outlines the dual nature of the project—the
Denbury Onshore LLC (Denbury), enhanced oil recovery (EOR) project and the collaborative
effort with the PCOR Partnership to demonstrate CCUS under the RCSP. This page includes
options to download the Bell Creek test site fact sheet (Deliverable D15), the Bell Creek test site
poster (Deliverable D25), and the Bell Creek PowerPoint presentation (Deliverable D18). Links
on the page offer the visitor the opportunity to learn more about both projects by clicking on the
“Learn More” hyperlink for each project. The visitor can also learn more about utilization of CO,
for EOR by clicking on the “Learn About EOR” link, which goes to the existing CO, Flooding
page (www.undeerc.org/PCOR/sequestration/flooding.aspx).
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About the Partnership The Bell Creek Integrated EOR and CO, Storage Project

Carbon Sequestration, Climate
Change, and CO,

CO, and Storage in the Region

This project will produce ~35
million barrels of incremental oil
at Bell Creek using CO,
enhanced oil recovery (EOR)
and put millions of tons of CO,
in permanent storage.

€O, Sequestration Projects
Mews and Publications

Documentaries

- ®a R

Reduce Your Carbon Footprint
Video Clip Library
Frequently Asked Questions

Links

An Integrated EOR and CO, Storage Project

Denbury Onshore LLC (Denbury) is implementing a The PCOR Partnership is adding value to Denbury’s
commercial project that will inject at least 1 million tons (0.9 | project through additional characterization, monitoring,
million tonnes) of CO, per year into its Bell Creek oil field and modeling. This collaborative affort will result in a
to rejuvenate oil production and permanently store new standard for safe and practical long-term geologic
anthropogenic CO, deep underground. Learn More >3 storage of anthropogenic CO,. Learn More >3

Project Location: The Bell Creek Oil Field

Since its 1967 discovery in the Powder River Basin of southeastern Montana.
the Bell Creek oil field has produced approximately 133 million barrels ~
{MMbb!) of oil. Most of that oil was produced by injecting water into the oil-
bearing zone to push oil to production wells. By 2010, about 38% of the oil
vas produced and production was dwindling.

In 2010, Denbury azquired tha Ball Craek Fizld with the intantion of
rejuvenating the once robust field by switching from water injection to CO;
injection. Bell Creek is an optimal site for CO, EOR because experience has
shovwn successful primary and secondary oil recovery using water. Even more
oil recovery is expected using CO,, yielding an additional 35 million barrels
of incramental oil. The rock layers in the field are slso ideally suited for

carbon storage following the oil recovery process.

Learn About EOR >>

-

Click to Enlarge

Downloads

Fact Sheet Poster
March 2012 September 2011

Figure 7. New Phase I11 Bell Creek Integrated EOR and CO, Storage Project page, accessible
from the CO; Sequestration Projects landing page.
Test link: http://stage.undeerc.org/pcor/co2seqprojects/BellCreek.aspx
No equivalent link exists.
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The “Learn More” link for Denbury’s Commercial CO, EOR Project goes to the page
Denbury’s Commercial Project (Figure 8), which provides a general description of the four main
steps involved the Bell Creek EOR project. This page also includes external hyperlinks to
Denbury’s Web site (www.denbury.com) and to their Greencore Pipeline Web site
(www.greencorepipeline.com)

14
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Frequently Asked Questions
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Denbury’s Commercial Project

Denbury's project combines the proven techniques of enhanced il recovery (EOR) with the characterization and

Facti of addi oil.

m ing needed for

1. Obtaining CO,

The CO; EOR project at Bell Creak will require a consistent supply of
more than 1 million tons of OO, each year for several years. The
CO, vill be provided from the ConocoPhillips Lost Cabin natural gas-
processing facility in Fremont County, Wyoming. Natural gas must
be in & pure form for transport and use; therefore, the plant
removes about 50 million f* (1.42 m?) of CO, from the raw natural
gas produced each day. In the past, the Lost Cabin plant would
release the CO, into the atmosphere (the current practice at many
other gas-processing facilities), but now the CO; will be held for use
at the Bell Creek Field. Learn more about Denbury's CO, EOR
efforts.

2. Transporting CO,
In order to transport CO, to the field, Denbury vill build and cperate
the Greencore Pipeline. Denbury began constructing the 232-mile
€O, pipeline in August 2011. The first segment of the pipeline starts
at the Lost Cabin natural gas plant and runs northeast through
Wyoming. In December 2012, Denbury plans to complete the
pipeline into southeastern Montana, where it will initially terminate at
Bell Creek Field.

3. €O, EOR Injection/Separation

At the Bell Creek oil field, CO, will be injected ~4500 feet (1.37 km)
underground into a mature oil reservoir starting in early 2013 to
help produce more oil through the EOR process. A separation facility
will purify the oil by remaoving the portion of CO, that is dissclved in
the produced oil from EOR i . G will maintai

the pressures nesded for CO, injection. EOR will be conducted in
phases moving from area to area in the oil field. All wells vill be
inspected and refurbished prior to CO, EOR operations

o
€O, EOR Zone

4. CO, Monitoring and Verification

The CO, will be monitored and accounted for from the Lost Cabin
plant to its arrival at the Bell Creek Field. At the field, monitoring of
€O, input at the wells and CO, recovery at the primary oil
purification facility (en-site facility that separates CO, dissolved in
tha oil fram EOR operations) will provide sccountability during

operations. Over a number of years, essentially all of the injected
€0, used in the EOR process will be trapped in the underground
injection zone.

Figure 8. New page describing Denbury’s commercial CO, EOR project at Bell Creek (linked

from Figure 7).

Test link: http://stage.undeerc.org/pcor/co2seqprojects/Denbury.aspx

No equivalent link exists.

15



The “Learn More” link for Bell Creek CO, Storage Demonstration Projects goes to the
PCOR Partnership Phase Il demonstration collaboration with Denbury presented in Figure 9.
This page summarizes the Phase Il activities at Bell Creek. This page also has the link to an
interactive version of the Integrated Approach concept diagram (presented in Figure 10a)
whereby the visitor can learn more about some of the components of the diagram by hovering
over each circle (see Figure 10b).
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Change, and CO,
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€O, Sequestration Projects
Nevs and Publications
Documentaries

Reduce Your Carbon Footprint
Video Clip Library

Frequently Asked Questions

Links

Bell Creek CO, Storage Demonstration Project The PCOR Partnership is collaborating vith Denbury to
use the Bell Creek commercial enhanced oil recovery (EOR) operation to learn more about the science of CO, behavior in
the subsurface. This knowledge will assist future projects to move seamlessly from CO, EOR projects to long-term CO,
storage projects.

Collaborative Effort

The PCOR Partnership teamed with Denbury to provide further
information on the geology of the site as well 35 additional
monitoring of injected CO,. This information will be used to
develop 2 more detailed picture of the site geclogy and
behavior of CO,, oil, and water in the subsurface. Based on
field experience, this improved understanding will be the basis
of a comprehensive approach to monitor injected CO,, account
for the CO, during and after the EOR operation, and verify that
the CO, remains in place in the injection zone once EOR
operations are complete. The result is improved safety, EOR
efficiency, and having the systems in place for CO, storage
operations.

Integrated Approach
The nature of the geology at a location, both at the surface and deep
underground, is the key to successful CO, EOR and CO, storage. The PCOR
Partnership is developing an approach that takes knovledge of the geology
and uses it to build an interactive computer modal. This allows us to:

= Davelop plans to properly track CO, in the subsurface.

+ Respond to the potential for CO, migration.

* Account for the CO, injected.

» Verify the CO; volume and position in the subsurface.
This approach helps maet the safaty expectations of local landowners and
communities, while reassuring CO, ovmers that the commodity vill remain
securely stored in the formation.

Learn how we are implementing

this approach at Bell Creek.

A New Standard for CO, EOR
By implementing our integrated approach at Bell Creek, the
demonstration project will result in a new standard for safe and

practical geologic CO, EOR-to-CO, storage operations.

The real-world results generated by the Bell Creek project will
provide stakeholders, including policy makers, regulators,
industry, financiers, and the public, with the knowledge
nacassary to make informad decisions regarding the
effectiveness of carbon capture and storage (CCS) as a carbon

management strategy.

With this knowledge, stakeholders will have the data necessary
to expand the implementation of safe, practical, well-
documentaed CCS projects.

Figure 9. New page describing the PCOR Partnership collaboration with Denbury at Bell Creek.
Test link: http://stage.undeerc.org/pcor/co2seqprojects/BellCreekDemonstration.aspx

No equivalent link exists.
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Partners Only
Integrated Approach

Abcut the Partnership

Carbon Sequestration, Climata
Change, and €6,

<O, and Storags in the Ragion
<O, Sequestration Projects
Naws and Publications
Oowumentaries

Reduce Your Carbon Footprint
vidas Clip Library

Fraquently Asked Questions

Links

Plains CO, Reduction (P(

Practical, Environmer
|

Kids

Partncrs Only
About the Fartnership Integrated Approach

Carbon Ssquastration, Climate

Monitoring, Verification, and
Accounting (MVA)

The MVA plan is based on site characterizabion,
medeling and simulation, and risk assessment.

Monitoring of the surface, near-surface, and deep

subsurface environments is an essential component
of any carbon storage project and is based on
several criteria.

Risk Assessment

Based on the site characterization and modeling
and simulabion activities, potential subswiface risks
can be identfied, and additional monitoning or
characterization ¢an be performed to reduce project
risks.

Figure 10b. Boxes appear individually as the visitor hovers the cursor over each circular

Educators

Injection

Site Characterization

Part of our work indudes gaining a better
understanding of the geclogy and seismic activity in
the area. We used the extensive reservoir and seal
property data available to identify areas of further
study including:

« Evaluating existing well data.
= Testing formabion outcrops.
= Evaluating &xisting borehole integrity.
= Evaluating documents and well logs associated
with wellbore dnlling, completion, operation,
1 plugging, and ab, -

This information is used to develop geclogic models
and run simulations to better understand how CO2
will move in the subsurface.

Modeling and Simulation

The goals of the medeling and simulation activities
were to;

« Evaluate injection scenarios.

+ predict fluid migration pathways and area of
influence at discrete time steps.

= Petermine EOR and COz storage efficences.

» Predict reservoir response

« Aid in risk assessment.

component.

Test link: http://stage.undeerc.org/pcor/co2seqprojects/Integrated Approach.aspx

No equivalent link exists.
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The Fort Nelson “Learn More” link goes to the Fort Nelson CCS Feasibility Project page
presented in Figure 11. This page describes the PCOR Partnership Phase 11l demonstration
collaboration with Spectra Energy near Fort Nelson, British Columbia. The page includes
external links to the Carbon Sequestration Leadership Forum
(www.cslforum.org/index.html?cid=nav_index) and to Spectra Energy’s Fort Nelson Web page
(www.spectraenergy.com/Sustainability/Environment/Carbon-CapturStorage/).

Plains CO, Reduction (PCOR) Partnership

Practical, Environmentally Sound CO, Sequestration

Partners Only

About the Partnership Fort Nelson CCS Feasibility Project

Carbon Sequestration, Climate
Change, and CO,

Led by Spectra Energy. the Fort Nelson Carbon
d Storage (CCS) Feasibility Project is an
s in

CO, and Storage in the Region inte

€O, Sequastration Projects Department of Energy, and the Province of British
e A T Columbia), universities, and an experienced,
multidisciplinary technical team. The project is in the
Documentaries feasibility stage of development but has the potential
Reduce Your Carbon Footprint 10 Becoma the largest application of deep saline
geslogic storage in North America. The project aims
Video Clip Library to reduce €O, emissions from Spectra Energy’s Fort
: Nel I I injacti
DT e elson natural gas processing plant by injecting
approximately 2.4 million tons (2.2 million tonnes) of |
Links €O, annually into a deep carbonate formation for -

long-term geclogic storage.

The Fort Nelson CCS Feasibility Project provides a

unique apportunity to develop a set of cost-effective, risk-based itori i for larg: le storage of CO; in

deep saline formations. An approach is being used that i site ing and simulation, risk
itoring, verification, and ing [MVA

anding and developing the safe storage, manag.

n iterative process. Elaments of these a

nt, and operation of the CCS project. T

crucial for underst
learned and best practices employed will provide the data, infermal . and knowledge needed to develop si

projects across the region.

Status
The PCOR Partnership’s role in the Fort Nelson CCS project will run from 2007 to 2017. The injection site was chosen in

2008, and the drilling for the exploration well and shallow itoring wells was comp in the spring of
2009. Should the technical, regulatory, and commercial feasibility of the project be confirmed, large-scale injection is
planned to begin in 2016. Spectra Energy intends to continue injection of CO; over the remaining ope: time of
the Fort Nelson gas ing plant which is esti to be more than 25 years. The MVA plan will play al role in
managing the OCS project and menitoring the safe storage of the CCS through all phases of the project,

postinjection. The MVA data may also be used to modify and improve the injection design, if needed. Spectra Energy will
continue to provide regular updates to all stakeholders over the course of the project. A comprehensive report will be

issuad at the completion of the project.

The Fort Nalson CCS bility Project iz by the Carbon
?:v Sequestration Leadership Forum (CSLF) as being uniquely qualified to fill technological gaps

’ with regard to geclogic storage of CO,.
carbon” CSLF is a Ministerial-level international climate change initiative focused on the developmeant

of imp d cost-effectiva CCS technologies. The mission of the CSLF is to facilitate the
developmaent and deployment of such technologies via collaborative efforts that address key
technical, ic. and environmenta

Poster
April 2012

Fact Sheat
March 2012

Figure 11. New Fort Nelson Phase 11 demonstration, accessible from the CO, Sequestration
Projects landing page.
Test link: http://stage.undeerc.org/pcor/co2seqprojects/FortNelson.aspx
No equivalent link exists.
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The Aquistore “Learn More” link goes to the new Aquistore Project page presented in
Figure 12. The page provides a brief description of the project and external links to the project’s
Web site (www.ptrc.ca/aquistore_overview.php) and to the related SaskPower project Web site
(www.saskpower.com/sustainable growth/projects/carbon_capture_storage.shtml).

COMu WS40y Al

Plains CO, Reduction (PCOR) Partnership

Practical, Environmentally Sound CO, Sequestration

Partners Only Educators

About the Partnership Aquistore Project

Carbon Saquastration, Climatae

The Aquistore Project. managed by the Petroleumn
Change, and CO,

Technology Research Centre (PTRC), will be integratad with
CO, and Storage in the Ragion the SaskPower Boundary Dam Carbon Capture and Storage
(CCS) Preject and be among the first projects in Canada teo
0, Sequesiration Frojects demonstrats CO, injection, transpartation, and storage in a
News and Publications deep saline formation, which is widely regarded as one of the
muest promising technigues te mitigate greenhouse gas (GHG)

Documentaries emissions.

Reduce Your Carben Footprint
Project Objectives
Video Clip Library « Demanstrate that CC5 methods invelving CO, starage
Frequently Asked Questions in a deep, saline, vater-bearing geologic formation ara
safe, workable solutions for reducing GHG emissions.
Links + Demonstrate and validate affactive technologies for
characterizing and monitoring carbon storage in deep
saline formations that may be widely applicable.

+ Assist in the development of essentizl connactions
among industries implementing or considering this
technology, policy makers drafting regulations around
CCS, financial institutions trying to understand the
economic implications of business within a carbon-
managed environment, and the public learning about,
and living with, the technology.

The Aquistore Project will adapt existing and develop new
menitoring, verification, and accounting (MVA) technologies to
suit CO, storage in deep saline formations and report on the
feasibility of long-term CO, storage in these formations. As
the project matures, it will serve to verify technical and
economic components required for commercialization and
widespread industry acceptance of CCS.

Figure 12. New Aquistore Project page, accessible from the CO, Sequestration Projects landing
page.
Test link: http://stage.undeerc.org/pcor/co2seqprojects/Aquistore.aspx
No equivalent link exists.
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The Boundary Dam “Learn More” link goes to the new SaskPower Boundary Dan project
page presented in Figure 13. The page provides a brief description of the project and an external
link to the project’s Web site (www.saskpower.com/sustainable growth/projects/carbon
capture_storage.shtml).
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SaskPower Boundary Dam Integrated Carbon Capture and Storage Demonstration
Project

SaskPower is leading the development of the world’s |
first and largest integrated carbon capture and
storage (CCS) project at the Boundary Dam Power
Station in Estevan, Saskatchewan, Canada. The
Boundary Dam Integrated Carbon Capture and
Storage Demonstration Project is a $1.24 billion
government—industry partnership between the
Government of Canada, the Government of
Saskatchewan, SaskPower, and private industry. The
Boundary Dam Integrated Carbon Capture and
Storage Demonstration Project will reduce carbon
emissions by approximately one million tonnes per
year. The captured CO, vill be used for enhanced oil
recovery or will be stored in a deep saline formation
through the Petroleum Technology Research Centra's

Aquistore Project.

This leading-edge project, which is expected to
become operational in 2014, will determine the
technical, economic, and environmental performance
of CCS technology.

Project Benefits
+ A pathway toward economically and

environmentally sustainable power generation.

+ One millien tonnes/year of greenhouse gas emission reductions frem an existing power statien.

+ A domestic, integrated, commercial-scale carbon capture utilization and storage project = the first and largest of its
kind in the world.

+ A means to keep coal in the electricity supply mix, thus utilizing an existing supply of reliable, lowcost fuel.

The reuse of existing fuel supplies and structures within the footprint of an operating industrial site.

+ A demonstration project for the development of sound regulation and policies.

Figure 13. New SaskPower Boundary Dam project, accessible from the CO, Sequestration

Projects landing page.

Test link: http://stage.undeerc.org/pcor/co2seqprojects/SaskPower.aspx

No equivalent link exists.
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The Quest “Learn More” link goes to the new Quest CCS Project page presented in
Figure 14. The page provides a brief description of the project and an external link to the
project’s Web site (www.shell.ca/home/content/can-en/aboutshell/our_business/business_in
canada/upstream/oil_sands/quest/).
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About the Partnership Quest CCS Project

Carbon Sequestration, Climate
Change, and CO,

Shell Canada Energy, on behalf of the Athabasca Oil Sands Project, a joint
venture among Shell Canada Energy (60%), Chevron Canada Limited (20%),
CO, =nd Storage in the Ragion 2nd Marathon Qil Canada Cerporation (20%), is advancing Quest. Questis a
fully integrated carbon capture and storage (CCS) project, meaning it would

CO; Sequestration Projects capture, transport. inject, store, and monitor Co,.

Mews and Publications
Over 1 million tonnes of CO, per year would be captured from the Scotford

Documentaries Upgrader. This 98% pure CO, would then be transported safely by pipeline to
Reduce Your Carbon Footprint an injection location north of Shell Scotford and stored permanently more
than 2 kilometers deep under thick layers of impermeable geologic

Video Clip Library formations.
Frequently Asked Questions

Links

Quest CCS Project Overview
January 2010

Figure 14. New Quest CCS Project page, accessible from the CO, Sequestration Projects landing
page.
Test link: http://stage.undeerc.org/pcor/co2segprojects/Quest.aspx
No equivalent link exists.

21



The Weyburn—Midale “Learn More” link goes to the new Weyburn—Midale CO, Project
page presented in Figure 15. The page provides a brief description of the project and external
links to the commercial companies’ project Web sites (Cenovus: www.cenovus.com/
operations/oil/weyburn.ntml  and  Apache Canada:  www.apachecorp.com/Operations/
Canada/Saskatchewan/index.aspx), to Dakota Gasification Company’s CO, Capture and Storage
Web page (www.dakotagas.com/CO2_Capture_and_Storage/index.html) and to the IEA GHG
Weyburn—Midale CO; Monitoring and Storage Project Web site
(www.ptrc.ca/weyburn_overview.php).

These pages will go live once they are approved by program management.
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About the Partnership Weyburn-Midale CO, Project

Carbon Sequestration, Climate

Assessing CO, behavior in an ongoing commercial CO, EOR project
Change, and CO,

CO, and Storage in the Region The Weyburn and Midale oil fields in the southern portion of the
Canadian province of Saskatchevwan are the sites of major commercial

CQ, Sequestration Projects enhanced oil recovery (EOR) operations using CO,. The industrial CO,

Newes and Publications used for the oil field operations travels 205 miles (330 km) by
pipeline from the Great Plains Synfuels Plant in Beulah, North

RO ISIEREE Dakota, to the Weyburn and Midale oil fields. The EOR operations will

Reduce Your Carbon Footprint eventually produce an additional 122 million barrels of oil and

permanently store 44 million tons of CO,; deep underground in the

Video Clip Library oil-producing rocks.

Frequently Asked Questions

Links
The behavior of the CO, accumulating in the underground oil-
producing zones during the commercial EOR operation has been the
focus of the IEAGHG Weyburn—Midale CO, Meonitoring and Storage
Project, an 11-year, £85 million scientific assessment completed in
2011. The assessment program was managed by the Petroleum
Technology Research Centre (PTRC) in Regina, Saskatchewan, and
was funded by numerous government and industry sources, including
the International Greenhouse Gas Research and Development
Programme, Natural Resources Canada, and the U.5. Department of
Energy. A final report on the project, Best Practices for Validating of CO,
Gevlogical Storage - Observations and Guidance from the IEAGHG
Weyburn-Midale CO, Manitoring and Storage Praject, vill be released in
the Fall of 2012.

Figure 15. New Weyburn—Midale CO; Project page, accessible from the CO, Sequestration
Projects landing page.
Test link: http://stage.undeerc.org/pcor/co2seqprojects/\Weyburn.aspx

No equivalent link exists.
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FUTURE WORK

The next Web update is due in July of 2014. At this time, an update of the Web site design
itself is anticipated, including implementing a more user-friendly YouTube-type video player,
greater interactivity, updated information on active projects, and more materials targeting K-12
education (for teachers and students). These changes will be made as part of the effort to provide
products that will serve the needs of key audiences, increase overall traffic to the site, and
improve our ability to track and assess Web site use.
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