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Region includes:

— Nine states.

— Four Canadian provinces.

— Over 3.6 million km?.

Several completed field projects.
Over 3 million tons of CO, stored and
monitored in association with CO,,
enhanced oil recovery (EOR).

More than 120 partners.
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PCOR PARTNERSHIP OBJECTIVES

» Safely and permanently achieve CO, storage on a commercial
scale.

» Establish a relationship between the CO, EOR process and long-
term storage of CO.,.

 Establish monitoring, verification, and accounting (MVA) methods
to effectively monitor CO,, storage.

« Use commercial oil/gas practices as the backbone of MVA
strategies, and augment with additional cost-effective techniques.




CO, EOR

A great near-term storage option:

« Over 40 years of handling.and injecting large volumes of
CO..

* Much of the infrastructure alreadyin place.

« Storage cost can be offset by income from EOR.

“Greener” than conventionally
produced oll:

 Existing EOR operations are already storing
CO..

* Nearly every tonne of CO, purchased is
eventually stored.




COMPARING CO, EOR TO “REGULAR” OIL

M Extraction M Port-to-Port  m Port-to-refinery M Refinery m Combustion m Upstream electricity

Coal-to-liquid (CTL) (High)
Synthetic crude oil (SCO) oil shale mining (High)
SCO oil shale mining (Low)
SCO oil shale in-situ (High)
SCO oil shale in-situ (Low)
Dilbit B

SCO oil sands (mining process)
SCO oil sands (in-situ process)
Dilbit A

Synbit

Mexico

Venezuela

U.S. domestic

U.S. status quo

Adapted from: Imported crude oil
Mangmeechai, A., 2009, Life Canada
Cycle Greenhouse Gas CTL (Low)
Emissions, Consumptive Water Saudi (Light)
Use and Levelized Costs of UK
Unconventional Oil in North CO2 EOR

America: Dissertation, Carnegie ' ' '
Mellon University, Pittsburgh, PA. 0 200 400 600 800 1000 1200
kg CO,e/bbl
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International joumnal of Greenhouse Gas Control 51 (2016]) 369

=]
Contents lists available at ScienceDirect

Greenhotse
Gas Contr

International Journal of Greenhouse Gas Control

journal homepage: www.elsevier.com/locate/ijogge

How green is my 0il? A detailed look at greenhouse gas accounting for @cMMM
CO,-enhanced oil recovery (CO,-EOR) sites

Nicholas A. Azzolina**, Wesley D. Peck®, John A. Hamling", Charles D. Gorecki®,
Scott C. Ayash”, Thomas E. Doll¢, David V. Nakles?, L. Stephen Melzer*®

* The CETER Group, Inc., 1027 Faversham Way, Green Bay, W1 54313, UsA

b Energy & Enviranmental Research Center, University of North Dakota, 15 North 23rd Street, Stap 5018, Grand Forks, ND 58202-9018, USA
¢ Emergy & Environmencal Research Center, University of North Dakote, .0, Box 929, Evansville, WY 82636-0929, USA

4 The CETER Group, Inc, 4952 Oakhurst Avenue, Gibsonia, PA 15044, LS4

¢ Melzer Consulting, 415 West Wall, Suite 1706, Midland, TX 79701, UsA

http://www.sciencedirect.com/science/article/pii/S1750583616302985

The spreadsheet CO, EOR life cycle
analysis model is available on the
PCOR Partnership public Web site!

(OR# Plains CO, Reduction (PCOR) Partnership

Practical, Environmentally Sound CO, Sequestration

About the Partnership
Climate, CO;, Sequestration
Regional Storage Potential
CO; Sequestration Projects

Technical Publications
Technical Reports

Technical Posters

PDM Video
Resources
Documentaries
Video Clip Library
FAQs
Links

Household Energy

CO; EOR LCA Model

The PCOR Partnership performed a life cycle analysis (LCA) to estimate the greenhouse gas emissions
associated with oil produced via CO; EOR, including comparing the results to conventional oil. The results were

published in the International Journal of Greenhouse Gas Control.

A spreadsheet-based model developed through this work allows users to input their own site-specific values for
conducting the analysis.

Article Title: How Green Is My Oil? A Detailed Look at Greenhouse Gas Accounting for CO> Enhanced
Oil Recovery (CO2 EOR) Sites

Abstract: This study presents the results of a detailed life cycle analysis of greenhouse gas (GHG)
emissions associated with carbon dioxide enhanced oil recovery (CO; EOR) where the CO; is sourced
from a coal-fired power plant. This work builds upon previous investigations and integrates new
information to provide more plausible ranges for CO» storage in the reservoir during CO; EOR. The
system model includes three segments: upstream, gate-to-gate, and downstream processes. Our base
case model using Ryan-Holmes gas separation technology for the CO; EOR site determined the
emissions from upstream, gate-to-gate, and downstream processes to be 117, 98, and 470 kg
CO5e/bbl (CO3z equivalents per barrel of incremental oil produced), respectively, for total emissions of
685 kg CO»e/bbl. However, these emissions are offset by CO; storage in the reservoir and the
resulting displacement credit of U.S. grid electricity, which results in a net life cycle emission factor of
438 kg CO»e/bbl. Therefore, CO; EOR produces oil with a lower emission factor than conventional oil
(~500 kg COze/bbl). Optimization scenarios are presented that define a performance envelope based
on the CO; capture rate and net CO» utilization and suggest that lower emission factors below 300 kg
COze/bbl are achievable. Based on these results, CO; EOR where the CO; is sourced from a coal-fired
power plant provides one potential means for addressing the energy demand-climate change
conundrum, by simultaneously producing electricity and oil to meet growing energy demand and

reducing GHG emissions to abate global warming.

View the journal article

http://mww.undeerc.org/pcor/technicalpublications/CO2-EOR-Life-Cycle-Analysis.aspx
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FIELD DEVELOPMENT e
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ADAPTIVE MANAGEMENT APPROACH

Characterization

Monitoring Modeling
Verification &

Accounting Simulation
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16 techniques |
- 1.5 years of preinjection monitoring Al
» 3+ years of operational monitoring M

Demonstrate and validate monitoring
technigues and their associated
economics to inform viable MVA
strategies for commercial-scale carbon
capture and storage (CCS).
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Building off of the backbone of
commercial operations data.

Monitoring data are interpreted

; bo h ndependently and as part of

Geologi | ated geologic modeling
OOOOOOOOO ’ o ?ﬁmulaﬁon workflow.

*Indicates non-PCOR Partnership MVA technique.
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PULSED-NEUTRON LOG (PNL)
CAMPAIGN

« Seven PNL campaigns:

— 45 wells (92 total logs) Iogged o, iR
date: v

¢ 45 baseline

¢ 47 repeat
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BASELINE 3-D SEISMIC SURVEY
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SI MULATION'GUIDED MVA Seismic Line Overlaying Simulation

« Simulation was used to predict location and
saturation of CO.,.
« 2-D seismic line used to confirm ability of

seismic to detect CO, in the reservairr. ,
« Results supported decision to conduct large Seismig Difference Display
3-D survey. A © I
AWy e Well
Rosuls (o, plumes) | B % ® & ——— —_—
- [ —
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sl .o B Visible CO, in|Reservoir
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FIRST REPEAT 3-D SURVEY

Phase ]

31 [ 2014 Time-Lapse Survey (10.1 mi’) e :
'El i [ 2012 Baseline Survey (41.2 mi) r Start of CO Estl m attedd
art o SSOocClate
o Phase 2

4
s Injection CO, Storage
(Oct 2014), Mt

|6

17
Calculated using MBOG data.

s
|

« 26-km?repeat (October 2014).

« ~1.2 Mt CO,, stored In
monitored area at the time of
survey.
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FIRST REPEAT 4-D DIFFERENCE INTERPRETATION
(2012-2014)

Higher Amplitude in
Phase 2 Relative to
Phase 1 Because of
Higher Pressure
Buildup

CO, Banking Against
Permeability Barrier

Fluid and Pressure

CO, and Pressure Communication

Moving Updip
Away from the
Injector Toward

Between Phases 1
and 2

r 0
Producer :
5y s Values near zero (cooler colors)
6022 indicate little change from baseline
: 80 8% survey.
Pressure Buildup -10.0 y
from Water
I(:l'ec tiitne + Oil Producer Larger values (warmer colors)
# CO; Injector indicate changes in pressure

& Water Injector
Observation well

and/or CO, saturation since
baseline seismic acquisition.




ADDITIONAL OBSERVATIONS

communication between the Phase 1 and 3 areas...
_/

4-D Difference RMS Amplitude Map

An additional 4-D seismic analysis (survey acquired in 2015) shows suspected fluid

2015 4-D Seismic Extent




WHAT DOES IT MEAN?

What does the change in amplitude response in 4-D investigations mean?
« The difference is due to comingled effects of changes in pressure and CO, saturation, which are difficult
to distinguish from one another.

* However, initial investigation of pulsed-neutron logs acquired contemporaneously with the 2015 seismic
survey indicate an average S, of 3%—4% over an interval of 20 feet is detectable (at a minimum) in

Bell Creek 4-D seismic.
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IMPORTANT LEARNINGS FROM THE 4-D SEISMIC
INVESTIGATION

* Permeability barriers (preventing fluid communication and pressure dissipation) have been
lluminated where they were masked previously in the baseline seismic.

« Cross-phase fluid communication has been identified.

* CO, accumulating updip along the western edge of the N—S permeability barrier is visible.
« CO, and pressure plumes associated with injection wells are clearly shown.

* Improved insight into the reservoir’s interwell heterogeneity.

— Yielded important details necessary to adapt static models, enable better history matching,
and increase accuracy in predictive simulations.

* Provided actionable information for the engineers operating the field while demonstrating
associated CO2 storage incidental to EOR.
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CONTACT INFORMATION

Energy & Environmental Research Center
University of North Dakota

15 North 23rd Street, Stop 9018

Grand Forks, ND 58202-9018

www.undeerc.org
701.777.5195 (phone)
701.777.5181 (fax)

Wes Peck
Principal Geologist
wpeck@undeerc.org
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EERC

THANK YOU!
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