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This is the final report of the 2010 PCOR Partnership Annual Meeting Carbon Capture and Storage (CCS)
Project Development Workshop. Workshop participants leveraged their collective knowledge using the
Implications Wheel™ to identify the potential ramifications of conducting an enhanced oil recovery
project or a saline formation geologic sequestration project. These implications were then assessed, and
the results were discussed by the group. Although the specific scenarios were hypothetical, they were
built on real-world settings and issues. This report contains the following:

e General Background

e Map

e Saline Reservoir Center (background and assumptions)

e Saline Reservoir Center Implication Wheel Results

e Enhanced Oil Recovery Center (background and assumptions)
e Enhanced Oil Recovery Center Implication Wheel Results

e Key to Interpreting Implication Wheel Results

To view the workshop results on the Web, please visit the PCOR Partnership Partners-Only Web site:
http://www?2.undeerc.org/website/PCORP/.

For more information about this workshop or the PCOR Partnership, please contact:

Edward N. Steadman, Senior Research Advisor, (701) 777-5279; esteadman@undeerc.org
Daniel J. Daly, Research Manager, (701) 777-2822; ddaly@undeerc.org
Wesley D. Peck, Research Scientist, (701) 777-5195; wpeck@undeerc.org



General Background

e NGPU is an investor-owned utility that operates several coal-fired power plants in North America
and wants to expand its electricity-generating capacity.

e Federal legislators are expressing interest in developing and implementing some type of CO,
emission control strategy within the next 5 to 10 years. It has been announced that CO, will be
priced at $30/ton.

e NGPU is considering expansion of the Sunflower Station, a coal-fired facility located along the
Sapphire River in farming and ranching country 40 miles south of Bigtown, the regional commercial
hub. Following the planned expansion, the Sunflower Station will produce 4.9 million tons of CO,
annually. Because of the likelihood of CO, emission control regulations, NGPU plans to install
equipment needed to capture at least 20% of the CO, generated at the expanded Sunflower Station.

e The Sapphire River separates North State from South State. Each of these is a separate jurisdiction.
Indian lands straddle the Sapphire River in the vicinity of Bigtown and the Belle Plain Federal Wildlife
Preserve is located in North State about 80 miles from the Sunflower Station.

e There are three other power plants in the region. One of them, the Pintail Station, is also owned by
NGPU, while the other two (i.e., the Polaris Station and the Blue Mountain Station) are owned by
Mountainside Utilities. The Pintail Station produces 4.5 million tons of CO, per year. The Polaris
Station and the Blue Mountain Station both produce 3.0 million tons of CO, each year.

e NGPU hired the PCOR Partnership to develop a carbon management plan. The plan indicates that
either enhanced oil recovery or storage in a saline formation could be viable techniques for
sequestering the potential 20% CO, emission reduction at the Sunflower Station following its
expansion.

e Blackhawk Qil Company owns oil fields that are roughly 175 miles from Sunflower Station and have
enough capacity to store the 20-year volume of CO, captured at the expanded Sunflower Station.

e A preliminary assessment, based on limited data, indicates that there may be sufficient capacity
within the deep saline formation underlying the Sunflower Station to not only store the CO,
captured at the expanded Sunflower Station but also a significant volume of additional CO,.

e NGPU engineers have chosen a scrubbing technology for the Sunflower Station that has been
applied commercially at large gas-processing facilities and can capture at least 85% of the CO, from
a mixed-gas stream.

e Recent NGPU plans for construction of a coal-fired facility in a neighboring jurisdiction were scuttled
because of adverse public response.

o NGPU personnel do not have storage reservoir engineering, pipeline, or injection expertise.
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Saline Reservoir Center

What are the implications for NGPU if it decides to develop a saline reservoir (SR) geologic storage

project near the Sunflower Station?

A geologic consulting firm retained by NGPU has performed a preliminary assessment of saline reservoir
storage opportunities in the area in proximity to the Sunflower Station. The results are as follows:

— Analysis of geologic logs from a handful of deep exploratory wells drilled in the 1950s indicates that the
area near the power plant may be a good candidate for CO, storage.

— The primary CO, storage target is thick, regional, permeable sandstone at a depth of 6000 feet saturated
with saline water (100,000 parts per million total dissolved solids) and overlain by 150-ft-thick shale.

— Modeling efforts based on the limited data indicate the potential for storage of 150 million tons of CO,; in
the reservoir.

Recent South State legislation requires that rules be promulgated to govern the injection of CO, into a saline
formation for storage purposes and that the regional environmental agency must consult with other relevant
regional agencies during the rule-making process. The regional environmental agency has begun a study to
determine the protocol for developing appropriate rules.

Pore space ownership and long-term stewardship have not been addressed by the legislature, and no
legislation is pending.

Various reports and findings have been assessed and compiled into an internal NGPU feasibility study. The
technical findings are cautiously favorable for SR.

Assume that:

NGPU can secure funding for the project but may file for a rate increase in the future, if necessary, to cover
the capture costs.

NGPU will be filing for the necessary permits.
NGPU will build the pipeline to carry the CO, to the saline formation injection point.

Other regional power companies (e.g., Mountainside Utilities) are looking at the same target formation for
storage of their CO,.

NGPU will develop a detailed project plan.

As an early adopter of carbon capture and storage in a saline reservoir, NGPU is eligible to apply for
government funding for implementation of the technology.

NGPU will issue press releases announcing the intention to develop an SR project.
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Saline Reservoir (SR)
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Scoring point of view: NGPU
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Saline Reservoir (SR) Scoring point of view: NGPU

Management
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Saline Reservoir (SR)
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Enhanced Oil Recovery Center

What are the implications for NGPU if it decides to supply CO, captured at the expanded Sunflower
Station to an enhanced oil recovery (EOR) project?

e Blackhawk Oil Company is a major regional oil field operator with several fields nearing the economic limits of
their water flood production. Based on Blackhawk’s preliminary assessment, the Limestone oil field is a good
candidate for EOR because:

— The field has significant oil remaining.
— The field is unitized and well-characterized.

— The field consists of permeable carbonate reservoir rock overlain by an impermeable layer that is nearly
100 ft thick.

— The field could use as much as 2 million tons of CO, annually for 20 years.
e  Blackhawk Oil Company has interest in three similar fields in the proximity of Limestone Field.

e The Sunflower Station and the Limestone oil field are in different jurisdictions. Rules are in place in North State
that cover CO, storage that takes place during EOR operations.

— Additionally, these laws and rules allow an EOR project to be converted to a direct CO, storage project
upon cessation of EOR operations.

— Regulatory authority for all aspects of the project resides with the North State oil and gas commission.
— Pore space ownership resides with the surface owner, but the mineral estate has dominance.

— Promulgated rules allow for the project operator to transfer liability (postclosure) to the region, after a set
of conditions have been met.

e Various reports and findings have been assessed and compiled into an internal NGPU feasibility study. The
findings are cautiously favorable for EOR.

Assume that:

e NGPU will be filing for the necessary permits.

e NGPU will build the pipeline that crosses from South State to North State.

e NGPU will be contracting with a field operator for a threshold price of CO,.

e NGPU will file for a rate increase to cover the cost of carbon capture and storage.

e NGPU will be developing a detailed project plan.

e NGPU’s EOR agreement will include transfer of CO, liability to the oil company at the injection point.

e NGPU will issue press releases announcing the intention to develop EOR projects.



Enhanced Oil Recovery (EOR)
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Enhanced Oil Recovery (EOR) Scoring point of view: NGPU
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. their community to
% social s_upport change so they become,
@7, .4:0 @) services project opponents

-5/7 A
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Enhanced Oil Recovery (EOR)

354
South State
efuses to adopt an:
rules or regulations
regarding CO2
pipelines
-4/3

855
South State

regarding CO.
pipelines

BI5E3
The governors of
South State and North
State meet to discuss the
rules and regulations
associated with
transport of CO2

. NGPU lobbies the
South State legislature’
to adopt North State's
pipeline rules and
regulations
+1/8

3.5

South State legislat
to promulgate pipel
rules and regulatio
+3/8

35.1
NGPU engages
federal legislators to
pressure South State to
adopt appropriate
pipeline rules and
regulations
-1/7

345
Legal council
determines NGPU's
legal liabilities are too
high for the project
to proceed
-50/3

3.4
NGPU hires an

3.4.4
Legal council
recommends that
information must be
transparent but
controlled in its
dissemination
+5/8

against the

Legal council
determines that there

is no regulatory
reason to deny the
project
+4/5

3.4.3
Legal council
determines that there
is no regulatory
reason to approve
the project
-4[7

Joel Barker's

3.4.1
Legal costs
cause the project
to be cancelled
-50/1

IMPLICATIONS@
WHETETL

unanimously adopts
North State's
regulations and rules

NGPU Iobbies the

attorney to represent
their legal interests

environmental group

3.1.2
PR person
establishes
procedures to control
information flow
+5/9

NGPU organizes
monthly community
meetings to openly
engage local
stakeholders
-2/8

PR person develops
talking points and fact
sheets for distribution to
local stakeholders

2

person/committee to
control project
information
dissemination
+5/9

ure
ine
ns

/7

A major environmental
group announces plans to
protest transfer of “waste”
across jurisdictional lines
from South State to North
State
-417

3.2

knowledge
+4/8

33
The negative PR
draws increased
scrutiny from the
regulatory bodies of
both North State and,
South State

GISHIE
The regulatory
bodies release a
statement that NGPU is
adequately addressing
all regulatory
requirements
+5/4

3.35
South State
solicits input from
federal agencies
(e.g., EPA)
+2/5

The regulatory
bodies announce tha
there is no regulatory
mechanism to deny
NGPU's project
+4/2

3.3.2
The regulatory
bodies insist on
additional projec
details
-3/8

334
The regulatory
bodies announce that
there is no regulatory
mechanism to approve,
NGPU's project
-4/4

3.1.4
PR manager
participates in TV and

radio interviews and
touts economic benefit
of the project
+4/8

PR manager
reviews errors made in
previous unsuccessful
NGPU generation
proposal

7
NGPU arranges a
meeting with the
environmental group to
determine their
position and depth of,

Scoring point of view: NGPU
Management

3.1.5

321
NGPU determines
that the environmental
group is misinformed
about the facts of the
project
-2/6

+5/9

3.2.3
The
environmental group
is very interested in
meeting with
NGPU
+3/7

3.24
The environmental
group agrees to meet
but not for 6 months so
that they can better
organize their
opposition
-4/5

3.25
The meeting

happens but does
not change the
environmental
group's position
-5/6
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Enhanced Oil Recovery (EOR)

4.5.2
Blackhawk
stock drops by
50%
-5/3

45.1
Director of
mineral resources!
is fired
-3/4

4.45
Seismic work
during the study
yeilds data that is
inconclusive
-4/3

hydraulic fracturing
study at the same

location of the CO2
injection site study
-5/4

443
Land owners who do
not own minerals

environmental
contamination
-4/5

Joel Barker's

IMPLICATIONS@
WHETETL

Public pressure as a
result of the negative
press causes NGPU
management to kill the
project
-5/4

NGPU begins
a postive press
campaign

” \
EPA iniiates. N\

contamination of

ground water due to
previously unidentified |
local faulting

-5/8

-5/2

4.4.1
Study finds no
potential
environmental
contamination
+5/7

455
The project
gains higher profile!
& exposure to the
public

Negative press
is generated as a
result of the
protest

and owners / mineral
rights owers initiate CO2
impact study relative to
minerals / environmental
contamination

Scoring point of view: NGPU
Management

NGPU investigates
other sequestration
argets. (potential shift
from EOR to saline)
+3/8

4.1.4
Blackhawks
holdings decrease in
value as oil
production declines
over time

4.1.1
Project shut down
because financial

4.1.3
Federal funding

timelines are ;
X sources availble for -3/8
beyond economic he project are shifted to 7
payback other areas of the /

nation that are ready

to movy

-5/9

4.15

Mineral rights

concerns are adequatel

addressed through public

outreach during the

project delay period
+3/7

421
Full support for the
project is gained from
the mineral rights
owners, as a result of
education &
involvement
+5/6

4.1

The CO2/EOR

project will be delayed
(months/years) to

accomodate mineral

owner's concerns

-5/8
\ )

Mineral rights/land
owners that neighbor
Blackhawk'’s fields protes
to oil/gas regulators that
CO2 injection will
adversely affect their,
holdings
-5/8

422
Mineral rights owners
continue to protest,
because outreach did not
address formation
damage from
geochemical
precipitation
-3/8

4.2 e
A public outreach
educational effort is
implemented to
inform mineral

4.2.3
A contractor is
hired by Blackhawk
to conduct outreach
to the protest
audience
+3/7

University to
conduct outreach to
the protest
audience
+3/5

to the value of in-
place minerals

4.25
Environmental
group attempts to
convince mineral
owners that CO2
is dangerous
-5/7

Study finds no

435
Land owners
initiate a parallel
independant
study
-1/7

Contractor working
on study fails to
complete the study
within a 3 month
timeline

-3/6

Study finds
significant faulting o
cap-rock in vicinity
of storage project

434
Study finds that
significant value can
be added to Qil-in-Place;
by improving
recoveries by
injecting CO2
+1/8
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5.4.5
Additional

sensitive land
areas
-2/8

Joel Barker's

®
WHETETL

5.5.2
ressure regime due to
.NG.Pl_J share negative publicity for 51 ’ meterigg and
price Is increased NGPU Pres'sure regulating equipment,
in the public 5.5 maintenance in the 3
markets NGPU has pipeline is
+5/5 increased revenue compromised by
stream from this action

charity activities

approvals may be
required to cross

5.1.2
Power plant is
periodically unable
to use pipeline due
to pressure
limitations
-4/6

514
Catastrophic

55.4
Improved
economics make
plant modification to
capture more
CO2 possible

5.1.1
Increased cost to
NGPU associated
with pressure
maintenance
-4/8

5.1.3
The pipeline is
being fully utilized
at all times
+4/7

7

5.55
Maintenance
and upkeep of
pipe is improved

51518
Public outcry results
over increased

Increased cost
associated with new

piggybacking -3/6
activity
+5/6

822
Pipeline project is
delayed due to
multiparty
negotiations causing
loss in revenue

5.5.1
New revenue is
used for local

5|
Other regional
power plants contact
NGPU to inquire about
piggybacking onto the
proposed pipeline
project
+3/7

+2/5

of maintenance and
use of the pipeline is
divided among
multiple parties

54.4
Newly affected
andowners organiz
opposition to the
project
-417

Increased scale
——] of project draws
attention of new
stakeholders
0/8

Regular
maintenance is
delayed
compromising
pipe integrity
-4/4

58
Higher level of
public scrutiny
over acceptance
of project
-3/8

/5.4.2

Potential for
EOR in North
State is greatly |
increased
+5/7

B2
The financial
obligation of individual
sponsors is smaller
increasing their
likelihood of
participation
+3/7

543

New project
partners mobilize
their political capital
to support the
project
+4/8

public scrutiny
-4/5

538
Increased
ransparency causes
greater public
support of EOR
project
+3/3

B35
Project planning
is better thought
out by NGPU
+3/6

5.3.2
Increased cost

54.1

Increased inted with
P associated wi
F;g:/eennt:i; f:tr 5'-3-4 permits and
Triggers environmental
NGPU lawsuits causing reviews

+4/6 -2/8

economic losses
to NGPU
-5/4

not move forward
due to an inability of]
parties to settle on
contracts

Scoring point of view: NGPU

Management

-4/6

523
Risk of low
apacity utilization is
reduced due to
multiple suppliers
+4/7
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