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CCUS 2017
April 10th, 2017 - April 13th, 2017

CONFERENCE PROGRAM

Turning Point: Carbon Capture Policy in 2017 (Track: General Session)

April 11th, 2017 8:30AM - 9:00AM

Making History - Major CCUS Projects in the U.S. (Track: General Session)

April 11th, 2017 9:30AM - 11:15PM

CCS as a Bipartisan Issue (Track: General Session)

April 11th, 2017 1:00PM - 2:15PM

CCS From a Global Perspective (Track: General Session)

April 11th, 2017 2:45PM - 4:00PM

Amine based CO2 capture developments at the CO2 Technology Centre Mongstad (Track:
Capture)

April 12th, 2017 8:00AM - 8:30AM

CO2 injection well containment assurance experiment at The Mont Terri Underground
Research Laboratory (Track: Storage)

April 12th, 2017 8:00AM - 8:30AM

Aquistore: Measurement and Monitoring Research Results after One Year of Injection (Track:
Storage — Monitoring)

April 12th, 2017 8:00AM - 8:30AM

Overview and Status Update of U.S.DOE Fossil energy Carbon Capture & Geologic Storage
Major Demonstration Projects (Track: Utilization)

April 12th, 2017 8:00AM - 8:30AM

Aerosol measurement and mitigation projects at the CO2 Technology Centre Mongstad (Track:
Capture)

April 12th, 2017 8:30AM - 9:00AM

CO2 and brine leakage through an abandoned well under geologic carbon storage conditions:
impact of well depth, location and permeability (Track: Storage)

April 12th, 2017 8:30AM - 9:00AM

Time-Lapse 3D Surface Seismic for CO2 Plume Monitoring in the Illinois Basin - Decatur
Project (Track: Storage - Monitoring)



April 12th, 2017 8:30AM - 9:00AM

Overview of CO2 Use and Reuse Systems Analysis Efforts at U.S. DOE/NETL (Track:
Utilization)

April 12th, 2017 8:30AM - 9:00AM

Status of Technology Development at the National Carbon Capture Center (Track: Capture)
April 12th, 2017 9:00AM - 9:30AM

The Likelihood and Consequences of Blowouts and High Pressure Leaks from CO2 Injection
Wells: Implications for CO2 Losses from CCS and CCUS Projects. (Track: Storage)

April 12th, 2017 9:00AM - 9:30AM

Quantitative Integration of Time Lapse Seismic Data for Reservoir Simulator Calibration:
linois Basin - Decatur Project (Track: Storage - Monitoring)

April 12th, 2017 9:00AM - 9:30AM

Geochemical Monitoring Survey Results from CO2 EOR at Wellington Field in South Kansas
(Track: Utilization)

April 12th, 2017 9:00AM - 9:30AM

Technology assessment for cost effective industrial CO2 capture applications (Track: Capture)
April 12th, 2017 10:00AM - 10:30AM

Successful Storage of One Million Tonnes of Carbon Dioxide at the Illinois Basin - Decatur
Project, Decatur, Illinois (Track: Storage)

April 12th, 2017 10:00AM - 10:30AM

Monitoring of Deep CO2 Injection using Electrical Resistivity Tomography (Track: Storage -
Monitoring)

April 12th, 2017 10:00AM - 10:30AM

Recent Progress in MRCSP Large-Scale CO2-EOR and Storage Research in Depleted Oil
Fields in Michigan Basin (Track: Utilization)

April 12th, 2017 10:00AM - 10:30AM

Hybrid Process to Capture CO2 With Cold Membranes (Track: Capture)

April 12th, 2017 10:30AM - 11:00AM

Design and Operation of a 50 MWe (0.4 MMtonne/yr) CO2 Sequestration Facility (Track:
Storage)

April 12th, 2017 10:30AM - 11:00AM

Research on Key Technology of the CCS Leakage Warning Based on Spatial Data Mining
(Track: Storage - Monitoring)

April 12th, 2017 10:30AM - 11:00AM

Potential to Produce Oil and Store CO2 by Applying CO2 Enhanced Oil Recovery to the
Residual Oil Zone in the San Andres Formation in Four Counties within the Permian Basin



(Track: Utilization)

April 12th, 2017 10:30AM - 11:00AM

Retrofitting Plants for Carbon Capture and Utilization: Redefining the Carbon Supply Chain
(Track: Capture)

April 12th, 2017 11:00AM - 11:30AM

The Plains CO2 Reduction Partnership: CO2 Injection Update and Results of Adaptive
Management Approach (Track: Storage)

April 12th, 2017 11:00AM - 11:30AM

Detectability of CO2 and Brine Leakage from Legacy Wells into Aquifers Overlying a CO2
Storage Reservoir (Track: Storage — Monitoring)

April 12th, 2017 11:00AM - 11:30AM

Interpretation of Tracer Experiments during Enhanced Oil Recovery Operations at the
Farnsworth Unit Oil Field (Track: Utilization)

April 12th, 2017 11:00AM - 11:30AM

An Integrated Computational Approach to Systematically Design Physical Solvents for
CO2-precombustion Capture Application (Track: Capture)

April 12th, 2017 12:30PM - 1:00PM

Constrained Permitting of Pilot and Development Projects for CCS (Track: Policy)

April 12th, 2017 12:30PM - 1:00PM

Monitoring CO2 injection at the Farnsworth EOR field in Texas using joint inversion of
time-lapse VSP data (Track: Storage - Monitoring)

April 12th, 2017 12:30PM - 1:00PM

CO2 Absorption in Sorbent-Solvent Suspension and the Interface Region: A Molecular
Simulation Study (Track: Capture)

April 12th, 2017 1:00PM - 1:30PM

Development of International (ISO) Standards for Geologic Storage of Carbon Dioxide (Track:
Policy)

April 12th, 2017 1:00PM - 1:30PM

Geological Characterization of the Mt. Simon Sandstone for a Regional-Scale Flow Model
(Track: Storage)

April 12th, 2017 1:00PM - 1:30PM

Fast detection of induced microseismicity for CO2 injection monitoring (Track: Storage -
Monitoring)

April 12th, 2017 1:00PM - 1:30PM

Integration Options for Post-Combustion CO2 Capture Using Molten Carbonate Fuel Cells
(Track: Capture)



April 12th, 2017 1:30PM - 2:00PM

The Role of Standardization for full-scale Deployment of CCS and CO2-EOR (Track: Policy)
April 12th, 2017 1:30PM - 2:00PM

Joint moment-tensor inversion of microseismic events using finite-difference waveform
simulation for tracking the CO2 plume (Track: Storage)

April 12th, 2017 1:30PM - 2:00PM

Potential for CO2 Storage Cost Reductions with Greater Commercial Deployment (Track:
Storage - Monitoring)

April 12th, 2017 1:30PM - 2:00PM

CO2 Capture Project Phase 4 (CCP4) - An update on the CCP4 Capture Program (Track:
Capture)

April 12th, 2017 2:30PM - 3:00PM

Using experience and analogs to build tool for planning outreach for geologic storage projects
(Track: Policy)

April 12th, 2017 2:30PM - 3:00PM

Fracture Sealing Potential of Shale-brine Reaction Effluent (Track: Storage)

April 12th, 2017 2:30PM - 3:00PM

Development of commercially available process for reducing CO2 from fossil-fueled plant
using a green microalga, Haematococcus pluvialis (Track: Utilization)

April 12th, 2017 2:30PM - 3:00PM

Technology Overview for Existing Power Plants to meet EPA Proposed CO2 Emission
Reduction Regulations in June 2014 (Track: Capture)

April 12th, 2017 3:00PM - 3:30PM

Permitting Experiences from the Illinois Basin - Decatur Project Injection Well, CCS#1 (Track:
Policy)

April 12th, 2017 3:00PM - 3:30PM

Factors affecting rock integrity in deep geological CO2 storage (Track: Storage)

April 12th, 2017 3:00PM - 3:30PM

Development of low-cost, highly-selective and scalable electrocatalyst for CO2 conversion into
energy-rich fuels (Track: Utilization)

April 12th, 2017 3:00PM - 3:30PM

Cost effective CO2 capture using BASF s OASEA® blue novel aqueous amine based
technology (Track: Capture)

April 12th, 2017 3:30PM - 4:00PM

Trespass Liability for Trans-boundary Migration of Injected CO2 (Track: Policy)

April 12th, 2017 3:30PM - 4:00PM



Comparison of CO2 Storage Coefficients from CO2 Enhanced Oil Recovery Using the
FE/NETL CO2 Prophet Model and from Saline Storage Using NETL' s CO2-SCREEN Model
(Track: Storage)

April 12th, 2017 3:30PM - 4:00PM

Enhanced Electric Power Generation Through Use of CO2 Injection for Heat Mining in
Geothermal Reservoirs (Track: Utilization)

April 12th, 2017 3:30PM - 4:00PM

Puzzle Pieces - State Perspectives (Track: General Session)

April 13th, 2017 8:00AM - 9:30AM

Funding CCS (Track: General Session)

April 13th, 2017 10:00AM - 11:30AM

Closing Remarks & Adjourn (Track: General Session)

April 13th, 2017 11:30AM - 11:45AM
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* PABs(Private Activity Bonds) : s 3 j& &% % (2017) Senators Portman

(R-OH) and Bennet (D-CO), Reps. Curbelo (R-FL)¥ Veasey (D-TX) -

» MLPs(Master Limited Partnerships) : Master Limited Partnerships & % ;= % -
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4 3.1-1 CO,-EOR #ji-3%

SRRBGLCAPTURE, ”T'L'ZAT'O'E(‘;‘NSFTE%%Q%E APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL
Year Organization Resolution Highlight(s)

2015 Western Governors’ Association Recognized economic and environmental
benefits of CO2-EOR; called on Congress
to extend and strengthen 45Q tax credit.

2015 Southern States Energy Board Emphasized need for federal incentives
and state policy measures.

2016 National Association of Regulatory Highlighted the economic, energy
Utility Commissioners production and carbon mitigation
benefits of CO2-EOR, and the importance
of state and federal action.

2. CO,-EOR R % 1 1% » 404 3.1-2 -

CARBON CAPTURE, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL
) Arkansas Colorado Indiana 71
State POhCV: Kansas Kentucky Mississippi ]
CO2-EOR Montana New Mexico Ohio
Deployment Work Oklahoma Pennsylvania Texas
Group Utah Wyoming

10
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" CARBON CAPTURE, UTILIZATION & STORAG APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

E
CONFERENCE

vk

5 State CO2-EOR Deployment
Putting the Puzzle Together Work Group (Nov. 2016)

e Bt

STATE & FEDERAL POLICY DRIVERS FOR GROWING
AMERICA'S CARBON CAPTURE & CO, EOR INDUSTRY

F 3.1-12016 + CO,-EOR % & 1 iT# i %t &,

| CARBON CAPTURE, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL.

State CO2-EOR Deployment
21st Century Energy Infrastructure:
Work Group (Feb. 2017)

Policy Recommendations for Development
of American CO, Pipeline Networks

White paper prepared by the
State CO,-EOR Deployment Work Group

fu(™

Bl 312 mF1irHpMeBg o A
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SO, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

State (2t Financial Incentives for CCS Sharo ~
Policy: T —
Laws’ ' -.CYY::::W“

regulations, W orwe

and M Uty Cost

Recovery 37
Mechanisms 0
H H ! AL Unite ) g -8
Incentlves I Carbon Capture and LAY ' i
Storage Eligibliity in AN,

Portfolio Standards : (
W Liability Assumption !
for Stored Carbon L\

Muttiple Policies

View data table

Mexico

303 4%k 2~ ik e BB % A T

B Ak F tpE A% 4om 3.1-4-3.1-5

SRRV, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

Looking Ahead: CO2 Utilization

2 Oct. 2016: 27 Semiflna“St LATEST UPDATES

Teams Announced s CARBMZE M\
* Nov.2017: 2 $2.5 million . SEMI-FINALISTS Tog Ne)
TRANSFO% cO2!*"

Prizes announced

* Mar. 2020: 2 S7.5 million
Grand Prizes announced

WASTE INE

B13.1-4 - § LR 17 172
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Construction Materials Fuel New materials
- Cement and concrete - Synthetic (methanol, butanol, Carbon fiber
- Asphalt . ne!tural gas, syngas, etc.) - Carbon nanotubes

Aggregate - Micro-algae fuel and fullerenes
Timber/super hardwood - Macro-algae fuel - Graphene

@ Industrial gas & fluids Polymers Agrlculture & food
i Enhanced oil recovery Polyurethene foams Algae-based food or
et I - Enhanced coal bed Polycarbonate (glass replacement) animal feed
' methane recovery - Acrylonitrile butadiene styrene - Microbial fertilizer
Enhanced water recovery - Many more - Biochar, bio-pesticides,
Semiconductor fabrication bio-cosmetics

Power cycles

e Chemlcals

Freservatives (formic acid)
- Medicinal

Antifreeze (ethylene glycol)

Carbon black Source: SO s-based products market analysis by
Many more McKinsey and Company and CO; Sciences

(CCUS Conference, 2017)

B 315 - § ad v 22
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WA Parish 90% CO:-free

Electrical Generating processed flue gas
Station et
CO: capture i CO:-0il Separator
system

CO:return
Flue Gas with CO: ‘[&

Pure CO:

for EOR Qil combined

with EOR CO:

DAL
Naturally sealed
formation (Reservoir)

(Project Finance International Yearbook, 2015)
] 3.2-1 WA Parish ¥:°% 3 % Fudf & CO, * *t West Ranch ¢ v ¥ EOR % /d 3 &

N

" CARBON CAPTURE, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL
£
nrg X

PETHA NCOVA Caron

Five Projects in One

1. Diverting the flue gas from an existing
facility (Parish Unit 8)

2. Processing flue gas in a carbon capture
system to strip out the CO,

CO, Source
Parish 8

3. Transport CO, to a nearby oil field.

4. CO,-EOR operation to produce otherwise
unrecoverable oil

C__

5. Transport and sell oil - marketing,
selling, and transporting the recovered oil

Oil revenues pay for
the entire project

No impact on power

Converting CO, to crude oil plant or Its costs

B 3.2-2 3 e COL 1 5 Rjd cniffe & 5 5 < 304
* Petra Nova s 4 &3 » 4o ] 3.2-3 -

14



FFCARBON CAPTURE, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

——

Cogeneration
{steam & power]

Absorber

CO, Pipeline

Petra Nova
Carbon Capture
Site

Compressor
Quencher

Flue Duct
nrg” | &

P

@] 3.2-3 Petra Nova s 4 JE 33K 5 Ty 7 ¥ Pim

* B WA Parish 3] West Ranch CO, #j3% § &t % 160 = 2 > 4rif] 3.2-4 -

| CARBON CAPTURE, UTILZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

# CO, Pipeline

- 81 Miles (Parish to West Ranch)

. 12" diameter

- 330 wall plpe (.406 on HDDs)
1,900 psl at inket

i
ooty
o
|
| Private pipeline
No condemnation powes
. \ vu/
(>~
N~ 0 I +
3 i - = 2 [ e i e il e o G e G P Wi nrg @
@:{—“‘ v & TCV Pipeline : . = P2
,_;wnw, i i v~ Aol = = = L] & PETHA NOVA Cartion Captire

] 3.2-4 WA Parish 2| West Ranch CO, #ij i &tk iZ

*West Ranch j& » EOR 34t j%_2016 £ 1 2020 £ CO,;i» 2 2 b 4 & 2
P4l E BEF S o 4oB] 3.2-5,3.2-6 -
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APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

West Ranch Field
Development

* Field will be flooded using a “5-spot”

pattern (each producer surrounded by
4 injectors)

A comprehensive monitoring,
verification, and accounting plan is in
place to track the flow of CO2 and to
insure that it is sequestered in the
reservoir.

University of Texas Bureau of
Economic Geology developed the plan
to sync with oilfield operations.

nrg'f'}' &x

PETRA NOVA Cartion Cagture

B 3.2-5West Ranch ;4 @ EOR 34 CO, i » ¥ B2z 4 & 2 B ad|+ ¥

West Ranch Field
Central Facilities

200 new wells to be
drilled (over 100 now
complete)

2 central processing
facilities to separate oil-
CO,-water

* All CO, and water

produced is reinjected
into the formation

nrg? &x

PETHA NOVA Cavton Cagtine

(CCUS Conference, 2017)

®] 3.2-6 West Ranch ;4 v EOR @gﬂ* Hph ¢ %

*PetraNovaz:t % & e X o1 ‘e 502 o 4Bl 3.2-7 -
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| CARBON CAPTURE, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

. Commercial Structure and Our Partners
L3 @‘/ @) - mmmmm
pﬁ:mﬁgs" CA’ 9 @ % nrg:a: =+ NRG Energy, Inc. is the largest independent
\

1 power company in the US

Oil Field

Petra Nova Petra Nova ** Hilcorp Energy is one of the largest privately-held
(Cg‘éﬁ'é:!]cm (ot‘::gs'; :‘fﬁy} oil and natural gas E&P companies in the US
P fercelioe
| < JBIC and NEXI are wholly-owned by
the Japanese government.
/ Petra Nova LLC NEXI
— - o |
% US DOE awarded $190 MM grant funded through
Texas Coastal Clean Coal Power Initiative
Ventures, LLC
&
. West Ranch
TCV Pipeling, LLC nrg w
PETRANOVA Gartion Cagtis

B 3.2-7 PetraNova 3+ % & 1745 & e 5o 4

2.t 3%+ 1 & 51CCUS 3+ %

AP E e X H L (E R AeT

« A5 BT etk 2R 4 CiE R L% O
< U* FTRE TR c A B

BT E BB R B S R CEEDL 5FT AR
CERBREEE SR TR CRERRTA

ig,l.% g f%%’} o, -lir'%] 3.2-8 -

| CARBON CAPTURE, TILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

U.S. DEPARTMENT OF | N NATIONAL
ENERGY | [TLssu0ss

INDusTRIAL CARBON
CAPTURE & STORAGE

] ’- ILLINOIS STATE sul"l.mpnw @ ‘\.’
il solceciomey fomsin /P Rihland

& 3.2-8 Tizlfljgg',iﬂ CCUS 3% 2 35 o
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' Carbon Storage in the

Ilinois Basin:
A Progressive Success Story

* Pathways for Success

* Building CCUS
Foundations

* Deploying Industrial-
scale CCUS

* Lessons for Building
on Success

o am| 7 2
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e Wadri > el
— At Systam '/rr o
sige ol Messipl f 5 /L o
omarun 7.
- o < . #e L~ i
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\
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\BLACK WARRICR,; 4 \
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N
margin of k
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(CCUS Conference, 2017)

B132:0 B4l 2 8 P st a4 %

W F R el Decatur 3+ % B w7 CCUS A <344 > 2 %A

v

Illinois Basin — Decatur Project ¥ Illinois Industrial CCS Project - = % i &b

mNE o e 3.2-100 HizE AR

| -

@ lllinois Basin — Decatur
Project

Large-scale demonstration
*  Volume: 1 million tonnes
* Injection period: 3 years

[y

Injection rate: 1,000 tonnes/d
Compression capacity: 1,100 tonnes/day

Contribution

*  Geologic and Social Site Characterization

*  Reservoir Modeling and Risk Assessment

*  MVA Development and Engineering
Design

*  Stakeholder Engagement

Status:
*  Post-injection monitoring through April
5050 J g gh Ap

v 4ofE] 3.2-11 -

~ Current CCUS Projects ivnali)ecatur, IL USA

dLLINOIS

InousTRIAL CARBON
CarTure & STORAGE

lllinois Industrial CCS
Project

Industrial-scale demonstration

*  Volume: up to 5 million tonnes

* Injection period: 3 years (or longer)

* Injection rate: 3,000 tons/d

*  Compression capacity: 2,200 tonnes/day

Contribution

¢  Commercial-scale up surface and subsurface
*  Multi-plume modeling

*  Class VI permitting

*  Regulatory MVA

*  Education programs

Status:
* Injection Began April 7, 2017

(CCUS Conference, 2017)

@] 3.2-10 £ W& f|z% -+ Decatur p w:£ 77 CCUS & ~3+F p %



Multiple Projects Build

Framework for CCUS
el Research and
: B T Commercialization
S R
f_ s B /™ . |llinois Basin - Decatur
| Project
¢ |llinois Industrial

Sources CCS

%
\f

- ¢ ' -
- 1 : =~ -,: ' o g

i w| Class VI permit issued Feb 20
, ] B

e BEST - Brine Extraction

(CCUS Conference, 2017)
B 3.2-11 £ W= [z Decatur p w8 {7enCCUS A <3+ F =3 224 %

Illinois Basin — Decatur Project (IBDP):& & :
SAEA L D AP ET 20102014 & 11 P xS EEE B FAERE R B
CO, > i » 2 #3330k TIRINA LA 100 g & e fic o
A S AMGSC B ET PRI T HEIFHI 2020 8 c HRBE TR (MVA) 4 0
122 > 4§ 3.2-12 -

Environmental Monitoring (MVA)
Conceptual Framework

Deep

Near Surface Subsurface

Soil and Vadose Injectio

Zone n Zone

q Geophysical Geophysical
Geocher_nlcal Surveys Surveys
Sampling

Aerial Imagery Seismic Geochemical

F_”T . Monitoring sampling
Monitoring P Monitoring PIT Monitoring

(CCUS Conference, 2017)
B 3.2-12MGSC % & %5 T #l (MVA) $2 4 \ =2

+2520154& 17 1p (% 34& » CCSLisfitd) § R COpit » it b fo
BT R 2 A F o 4o 3.2-13 -
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Extent of Plume & Saturation Cross Section
January 1, 2015 (year 3, end of CCS1 injection)

M e s wm e e wm  m

Cross Section Orientation

<
l(
-

2

(CCUS Conference, 2017)
B 3.2-13CCSL 2 % K6 E R COyZ » 2 fr R T m ZH G 24 1%;}5@

« LB T 413 2 3 Decatur fick S $:22 COpix ~ 4p M ehfic | & Jis > 4o B
3.2-14 -

Microseismic Activity at th — Decatur Project

 Observed Microseismicity associated with -
injection | @ 15 Dec 2011- 26 Nov 2014
. e - = / | ® 26 Nov 2014 - 31 Sept 2016
* Location critical to understanding reservoir P 10ct2016-3100t 201

response

* Original correlation between cluster
development and pressure front under
examination

* |ICCS created stoplight map to mitigate
potential associated risks from felt events

Magnitude of Located Events

(CCUS Conference, 2017)
B 3.2-14 &= Iz 2 # Decatur » % &2 COy /L » 40 B ehficds R IE &
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Illinois Industrial CCS Project EE
c AP FEEF- B USEPAY F-3 4% sirv @end it ﬂﬁﬂ»&r'ﬁ
2011 &= 7" 25 p %% UICVIé‘E;’“'E"ﬂ'— 201442 12 7 28 p % ek
BEFEVHE;2017E 10 19 ppHF OB BEFET o
CHEF AN T AT FEA2017T E 40 T p BRANAE N o MUFFEMEH AL~ o
« &2 % & * Intelligent Monitoring System (IMS) TrpFde % 230 T T 4 % 25

4B 3.2-15 -
Intelligent Monitoring System (IMS) dLLINOIS
Program Objectives c"fi‘iﬁli"‘af gf::fge

- Develop and validate software tools that advance CCS-specific IMS by
enabling access, integration and analysis of real-time surface and
subsurface data for decision-making and automation of process

- Demonstrate integration of system components to validate feasibility of
real-world application to CCS.

Project Team Members

7, ereeed ‘m“ % - —
2 Nt o ' f
P-\o\V IE— o Y
S 08
0 o 06 . L
=USGS ;PR =
S0
B_@ng o 500 wn| & 50 [T i 1680
1680 0-0.2 "
uuuuuuuuuu N [NATIONAL 268 269 270 271 272
aENERGY Essw;’:ss,' Dulls6 ey 205
5
J[ Schiumberger d ' Y
Carbon Service: | -
= i b B4 h’.n
e~ ﬁm
[ = o]

(Ccus Conference, 2017)
B 3.2-15 lllinois Industrial CCS Project & 4 * IMS & 47k &

lllinois Basin Decatur Project#? lllinois Industrial CCS Projects 3+ 4 2. CO,/1
~ o A w21 MT223-55 MT » & % Carbon SAFE#-% & % >50 MT -

FREFEYEFE S L CCUS f AT MR FA2 B9 Rdfr2 st
PIRET 50 bl 3.2-16 -
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Regional & Global Test Bed for CCUS

Concentration of natural resources and intellectual capital

Expanding the
Boundaries

Capture of CO, : Abbott Power Plant UIUC
* Transport of CO,

: Regional 8

ipeli Champaign- +  Storage of CO,: IBDP, ICCS, &
S Urb’;nag CarbonSAFE Projects

/ MATTGDN |

Utilization of CO, : Enhanced Oil Recovery (EOR)

* Utilization of
CO,: Engineering
and Chemistry
Solutions

@) llinois Eastern Community Colleges

Fairfield,OIney, Se——— *  Operator Training
Robinson,
Mt. Carmel

* Coal to Liquids
(cTL)

Southern
‘‘‘‘‘ University|
(ﬁrbond'\lc

Coal combustion

(CCUS Conference, 2017)
B 3.2-16 &= I3 CCUS # B % 3 & 23 R3¢ T o g A T4 A+ &

3.3 CCS sk iz
B S HRT S CCUS - A 45D F 2 RAWUF ey 4 o APt 2
B e dEit o £ L 45 CCUS apdh > i g & R 4 L4 PR
- £ & PpEapn T e ”%’ﬁ MRAL T N B AR AT
H R T A B K
ForEs 2 A& & ¢ (Clear Path Foundation) £ - i 501c (3) 244 {1l o

1R R E A RT ERT AR R AI MR R R I K
o re LGP R RREFT SR AL R G L

SEERREAS T ARG R R F B HEAH AP A
PO e

BRI HE G M FE 2 AP Y X AR F ook 4 ) e
I
£ AT ’f#m'p LICCS 5 3 & AR emEH,; CCUS & M A RigamEH,;
EOR % gl ¢ -
CCS 1T 5 B ipHI 7 £ il SR ER RFHehE 2R FRE V4
Eehi oo 4B 3.3-1; & EOR 2r (8 3| B £ ch# 4% » 4o 3.3-2 -
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CCS is unpopular as an environmental control

Legal challenges to the Clean Power Plan

“EPA cannot rely on experimental
and costly technology that threatens
hard-working West Virginians whose
livelihoods are dependent upon the
coal industry”

— Patrick Morrisey, West Virginia
Attorney General

Legal Challenges

Suing Opposing Not Suing Exempt Supporting Exempt & Supporting

26 states 1 state 2ates 1 stase

(CCUS Conference, 2017)
B 3.3-1 2 B & V4 CCS ¥ 5 B 47 £ gend E 3 L8

“CO2-EOR enhances our nation’s
energy and economic security by
lessening our dependence on foreign
oil, often imported from unstable and
hostile areas, and reducing our trade
deficit by keeping dollars currently
spent on oil imports at work in the
U.S. economy”

— Governors Matt Mead (WY)
and Steve Bullock (MT)

M Participating States
M Non-participating States

(CCUS Conference, 2017)
R332 £ME VHEOR £& 3 4 &R LHBABRNA

B AN EE AT P GAL o 4oB 3.3-30 7] 2030 £ o V43 i
CO-EOR s £ #% 375,000 B 1 17 o % M adej LEHjirT > & & R 2§ 1

H3BBAFTHIL 00 7 ®Bfd  FATEC TGRS 13 H LA RE A
A~ TR BT o
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Reframing carbon capture to economics first

Economy: “With the benefit of this RD&D, the
market for COZ2 (from the EOR industry) would
‘ ) | l ] |" 1|/ (; more than double — from 11 billion metric tons

VUL with today’s technologies to a potential of 24

ASSESSING COz UTILIZATION QOPTIONS billion metric tons with ‘next geﬂeraﬂ'on'

technology” E

r. N Environment: “..CCUS technologies for all
' ' . < fossil fuels will have to be deployed in the near
|
Ir|

term to achieve U.S. and global climate
objectives”

~d

(CCUS Conference, 2017)
Bl 3.3-3 7 L Kot g £ ATEE | DAY

2B L F COyFEOR B cht i & # » 4off] 3.3-40 % #84 if & i CO,-EOR i
PAgu s ABAF AL 2 LYY N AMEEFBELANRG
Petra Nova 7 fx CO, 4f JE » 8- € 3 e 48, W e b 4 A B¢ 2 300 4 4% % 7 15000
fio Z.50 B4 o Fpt o ERIEF LN BHEES D EFFE 567V E A
4o 3.3-5° % B CO-EOR 2 CO, # v A 2 i1 » 235 7 B2 A4 #o0
HE BIER S 4oF] 3.3-6 -

Regional distribution of CO,- EOR potential

Much of the domestic oil resource favorable for CO,-EOR is in the Permian Basin,
Q Gulf Coast and EastCentral Texas.

NRG's Petra Nova facility will
increase oil production from a Texas
field from 300 barrels per day to up
to 15,000 barrels per day, a 50-fold
increase

414 Remaining Oil In-Place (BBIs)

\ny Technically Favorable

for CO,-EOR (BBIs)
Source Advanced Resources intematonal intemal 2018

(CCUS Conference, 2017)
Bl 3.3-4 £ B2 4 COrEOR M+ cht i A # 13 15 2 e B
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Revenues

CO2 Capture and Transporters $1.21 trillion

“... the technology used to produce this
additional oil will help maintain U.S.
leadership in oil production technology,

CO2-EOR Investors (including Return - creating opportunities around the world
on Capital) $1.27 trillion  for U.S. companies”

— United States Chamber of Commlerce

Total $5.67 trillion

* At $70 per barrel of oil

(CCUS Conference, 2017)

B335 FMARBTHRHEREY i i HkE- T

What’s stopping us?

80
70

60

[0
(=]

($/tonne)

w
o

20

CO, EOR Price at Power Plant Gate

» Probgble CO, Prices

0 : | ; | ‘ | . | ‘ | . | | | |
20 40 60 80 100 120 140 160 180
WTI ($/bbl) $138/bbl*

Source: NETL

(CCUS Conference, 2017)

B13.3-6 2 EOR 2 CO # 4 A2 3 » U REFTH 2 Afilic HRE RIFIM

PR i h 2027 B TIFE R o F B AL ARG T ML
%o_‘}i’*Kk\ﬁ#kii,?jélﬂf?%\gpﬁ?’T)‘#éiﬁa—l . 4)3'

~
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34CCS 23 E ¥

>3 CCS# 7 ﬁ&%t&iﬁ iEFE o Eousfie s 81 2 R G R G
FCR A ERAR FOF £ 6 52 5% oig 27k CCS# B foin % o

CCS mpirie & v T HER > 4oB 34-1-0 2017 & 1 7 ¥ T & B R
= A CCS & *& v hod 34-10 23k & CCSR*6H E A > 4rE 3.4-2 -

. CCS is critical in a portfolio of low-carbon technologies

CCS contributes 12% of cumulative reductions required through 2050 in a 2DS world compared to ‘business as usual’

800 —+
700 + 0%
600 +
- 32%
£ 500 + Wm0 A
K]
w
R
E 400 +
~N
o}
]
o 300 + 38%
Power
200 +
Indust
100 T
0 A i Il 1 1 i Il I
Cumulative CO2 End-use fuel  Renewables ccs End-use fuel Nuclear Power
emission and electricity switching generation
reductions 2013 efficiency efficiency and
to 2050 fuel switching

Source: IEA. Enerqgy Technoloqv Perspectives (2016)

(CCUS Conference, 2017)
B 3.4-1 CCS fitp pjtrie & ¢ ik 12%
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% 3.4-12017 & 1 % >3kd % & B foen+ 4] CCS K % szt

. Large-scale CCS facilities by region or country — January 2017

Early Advanced

: - Construction Operation Total
planning planning

North America 1 1 3 12 17

China 5 2 1 - 8

Europe 2 1 - 2 5
Gulf Cooperation

Council ) ) ) 2 2
Rest of World* 3 1 1 1 6
Total 11 5 5 17 38

* Includes facilities in Australia, Brazil and South Korea.

North America dominates - three of the four facilities in construction soon to be operational,

China has most facilities in planning, facility pipeline needs replenishment

(CCUS Conference, 2017)

[.] Key CCS facility developments globally|

oY
Norway Full Chain CCS Project ==
cL 2017 budget supports.

ful-chein CCS project

Tomakomai CCS
—— Demonstration Project
Japan's first ully intsgrated
< projser

Petra Nova Carbon Kempar County Energy Facility 7 Jilin Gil Field EOR
Capture Project Operations imminer - - Demonstration Project
Operatons imminent - ~ Over one milion tonnes of CO, injectzd

nnnnn
T amonairation Projac.
Approzching final investment dscision

Air Products Steam Methane
Reformer EOR Project

‘Three millicn tonnes of CO, captured

and ussd for enhanced cil recorery

‘Abu Dhabi CCS Project
Wiorld's flist eperational CCS project
n tha ira act

Gorgon Carban Dioxide ——
Operations sntcipated late in the

Peuobias Santos Basin Pre-Salt of 2017

0il Field CCS Project

Thrze million tonnes of €O, injested
nto producing resenioirs

(CCUS Conference, 2017)

B34-2 2783 & CCSH%H B ehn
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35CCS i | 7+

CCS fr CO,-EOR 2 ¢ BN F{RE (L ch i J
Bl st ped B ¢ & #(1SO TC265 Structure) i = > 4o §] 3.5-1:1SO TC265
g R esk o 4R 352

F o W3 EOR W A4 R ¢ AREE % 304 S 4 A oh § b 0 3 T

¥ Ao 8 zdg (COx- EOR) endf 5g w ek 19 » & 4233 EOR 41 CO #c #

SEHPE 2GR

ARG 243 CCS v CO,-EOR edR % » 4 & F] 4 & " K& & » o3 @K >
TERERMAFRPIFRSFS OEE Y D F PR REHT ok
FoA R AR FRR R R AR

% kii*» Z & CCS £i2— # CCUS 2.#8% > CO-EOR ¥ 12 it % CCS ehifgit
BRI GEREEC o2 NF e R 6 oL R AR TERE
WAL S RSN F MR -

B, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

ISO TC265 Structure

[ [ [
WG1 WG2 wG3 WG4
Capture Transportation Storage Q&Vv

o E= I+] N
o LN

] 3.5-1 1SO TC265 Structure & M1 7k w5 — 9

2‘
]
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Membership of ISO TC265

Countries Liaisons
P- Participating O- Observing
* Member bodies that * Those who wish to * International
want to play an follow organizations
active role = Can still make * Internal liaisons
* Have obligation to contributions (committee-to-
vote * But do not want to committee)
* Also identify experts commit = Participation ar
to contribute * Open to I1SO Member information
* Provide national hodies and * Helps to ensure
delegations Correspondent wider acceptance,
members do not have a vote,
bring expertise

(CCUS Conference, 2017)
] 3.5-21SO TC265 ¢ R E.F‘«EF,%\Z#

ISO 7 Bk » Hisd | € MR 1R8, & F W& a8, € A WY IS0
Moo [SO * BBEP F o

ISOTC265 & { A W% CCS R - H p i E 2 Wit 2t & > e d
S E AL R4 LR B Ak - ISOCCS BAREE G R+ b E el
R, 4w N,—Iz LB F e 20 - RAF flehs LKL FaOLB P o

ISOTC265 chp 5 » 5 #& &2 RS E 5 7 MGHG) R 7 & 1 £ 5

E4E T R CCSPH A ke R EX 2y A K- RAPRP|ody E ik 7|1
PR PR 0 - AP Fel A @ g B e (4o Capture )

rLE R PR A AT o
ISOTC265 st % » & 42 CO 4f 1 » & frst Jih s (CCS) 43 23~ %
I EACRBERI ST R E T RIERE S PP AR RN o
ISO 27914 4= 7] - —5175 B CO, 3 Fikis » 224 COpit » iy Fikis 2 &
FPER PR EAE S JE BP IR ERE RN G 7
i * % COrEOR » 3R ey Fig st 2 A H L2 4rH) 35-3-
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Storage Project Life-Cycle

: Investment Start of Cessation

Decision injection | of injection |
- ! Site Screening Site Desi ; " .
Period Name ! oS o esign and Operation Closure + Post-Closure
+ and Selection Characterization| Development '
e
Regulatory
Authority

(CCUS Conference, 2017)
B 35-3CO¥ Fitiitd 2 ikl

TER IR T RS BN 2R K s G Y S A

WEAND THEFFEME REGPTERRBY AR FXFEET TR G
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3.6 = § “EHFHF

W TCM 3 BRm

#r & :1CO2 Technology Centre Mongstad (TCM) &+ sefis2 4a b % & & b o <
HTEER Y s 0 K40 O CCS ShBRE pAER R0 F 2 EY 1Y R 7 X ARG

e ke 2IRCF BRI B A G HNS PR RAF % - (R 3.6-1)

TCM GOALS

| Reduce the cost | Test, verify and
and ’Fhe demonstrate proprietary
technical, | CO, capture technologies and

environmental, | develop a vendor market
and financial

risks of
implementing
full scale CO,

R LI R SREE SO TRl e e T EL PN e, * R

Develop TCM to a global
competence centre for CO,
capture technologies by

capture Investigating non-proprietary
technology CO, capture technologies

B 3.6-1 ¥ = TCM e B P &

TCM 5o RIRREAT B TR TE 1< B0 5697 € & TRy ~ TR ~ BT
b TCM R it S BB a8 f - BE P hplRT 5 BBl Rp s § #
BT LBl - R RGE SR 0 K Y JR 0 AR 23k CCS Hpwiniii R -

Bk TCM @ s § 38 fif s B B pireioip] 3 (4o W] 3.6-2) > 48 B et o
IS D 3 (O rF- o R o N
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OPERATION
OF THE AMINE #

PLANT
A

Aker Solutions Cansolv Technologles MEA campalgns

(Aug 2012 - Aug 2014) (Nov 2014 - May 2015) (Dec 2013 - Feb 2014)

Commissioning (June 2017 - Aug 2017)

$21 & S26 solvent tech. DC-201 solvent tech.

CCM qualification Peterhead qualification Non-confidential results

Open sharing
Experience
Hands-on

NI E 2™ | | |

Carbon Clean Solutions
(Nov 2015 - Apr 2016)

CDRMax solvent tech.
Technology development
UK DECC funded

ION Englneering

&

Collaboration with Sintef for

o

TV S

(Oct 2016 - now) | | CLIMIT Demo projects
. «DOCPCC»
«Aerosolve»

ION solvent tech.
Technology development

US DOE funded Collaborations with vendors,

. institutes, and universities

TCM eipg bedf B BRI B A4 Aker Solutions f= Kveerner 3% 3+ 2 &% » 12
WH P OB g 2t kORIEE 30 Wi% MEA # ci3 A ST AR B o S TEE B R R4
iR 2 £ RQEE B PP ARAR LR Y A o X Z S AT R
ST b S & R R T R R AT e

Tl EREG R S v R F KL E (isokinetic sampling
facilities) K fc f Ji v 4 Fiben A o 0 AT EINA S E T MR ERR
B oA ATRRA AR S S B S s R i e

FREF AR P ESTRT > VRN BB AEERE S22 2 B CO2
BBV o TCM i vidf § 3 ARl 2 i AR B i 4240 ] 3.6-3
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Depleted

flee gas
® Flowmeterng |~~~ ~~~~ | ~~—~—F"~F"~"~">"«~"™"~=>">"™="™>"™"™>"™"™>"™"™"™/=">"™""™"™7"7"7 ~@-———  Product CO;
£ Compasition | |_—|
|
| fw! -
| e =
|
CHP flue | = @ -
gas supply } Water =) &y
@ Washes
— CHP - RCC
D ) Stripper [===0] ¢ Stripper [T==
Blower . = = s
= bid N Stripper
N Steam P
Absorber =" @ reboiler
.
~r @ Steam
<N Condensate
RCC flue o0 Condensate || — " _ _ _ _ _ _ _ _ _ _
Stripper opticnal
gas supply R |
. I—» ) reboiler : |
—"1‘7 o= | Compressor:
1D : I
Blower | Flash drum :
|

Steam

] 3.6-3 TCM % b= B BRI R B AR B T A2 1R

B PR o TCM g iRdf BT s g 4 BE L © QRIAARE

000 | F + ¥ 11 BT % G B Sk o ORI B AR Sl 7 S e 4
HTIRE NS T F B AP Y B R o PR REBESEE KE
P B E A TR~ 1R Bl R s R AR sk

51 TLIRRE B B ] Ak o TOM JRRRm & & © 5 B 4p M el
ﬁo%ilﬁ?uﬁﬁmﬂﬁﬁiwﬁ$@*HC@%&&N‘2% § 457 A
ZEEHRET HSTCM » BF 1V HZOBAFT AL T EEB N EFani 4
AR B & k(4R 3.6-4) -
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REDUCING PO
TECHNICALRISK . e
EXAMPLES

wog 1

o

Solvent degradation - 'H | ot
» Degradation of MEA solvent.and reclaiming - P e
» Removal of degradation products (dark coloured)

* Extensive lab activities in collaboration with Sintef

e N-NItros0 [2-hydroxysthyl) glycine Dimethylamine
It : <
> Heat stable salt during MEA campaign TCM 2015
0
' E' 7 g f o ; L : 2000 @ Formate [FA-] @ Glycolate [GA-]
i ' . j i
f ( f \ \ 0o [ Oxalate [0A--] HEAcetate [AA-] germrmnam e :
a6 pree ‘ seasam ‘ ssam P 5000 [ Nitrate [NO3-] H :
H H
12062015 0002015 | | 1102015 | | 13102015 | 15102008 2000
1700 Mo 057 ‘ (24 0520
s 20008 Umarte || G2t | s 20916 tims 21953 3000 = A 5
- Reclaiming :
2000 H H
> = H
PR [ ey 556 i i
- P - 0 ‘RRARRRERRERE H W W
© 9 % H T 4 M A N O O T T O NT BN O
2R HF A B YIRS L5 AR LK S 8

~~~~~~~~~~

HOURS OF OPERATION CQ TECHNOLOGY
CENTRE
FONGSTAD

Bl 3.6-4 TCM i wicdf f 4Lieeiip Al 4 1 & 47
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W-E coordinate
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d TCM & {7 7 3 B o7 fig v 4722 SO3 aerosol 2 = i~ enpd B > T 5

M do% F H2SO4 mist aerosol 25 2 -8 5 2L F Bk B o iR 0 RIFEAF R
TCM Bt B4 & i Pl 7 & 1 K Rrd il §0 3 o

Mpfizas At > TCM » Rpaff F@fsk e S8 7 R wEE 2 2

g oo NFe i Ed Al B o U MR E AR R 4
ﬁﬁ%%%¢’Bﬁﬁﬁﬁﬁﬁﬁ&ﬁ¥WMH#ﬁ?%o

TCM = =g vkl A ae g 2 k' MaES A A FEHER
12 BETEREFERASAFTEH FRITR E S A TR 0 E A KK

h-aa gl Be ) WU

= F BT B ACPRRA AT 0 LR T B R R
REF o RRE BRI oE LR A FR- B LL R ik ]k
Baipd H RS T AP e 2 4F > TCM AiRl3R A7 » 4% ki frit 2 fae

FRE BB R DR R R BB T ] S e

o

ETCM it f7ehz 5 (PRI F38% 4 & & &7 2% (vendor campaign) ~ # 3
&% (owner campaign) & & #g o

ERT FH A H B A2R &R (vendor) k& {7 -vendor *t gk iE (7w & TCM
EENO B RBEAPMF - EFRPEFFATERE%R LT A4 TCM { §
HHEMEFREAD ¥ EE > vendor § & TR FF% >~ v AL 47~ A
AT S BAEATFE T BRI e R d vendor & FARALeAp ML 2 1T A
vendor campaign 458 T svendor W oA * ipR ATy fodp A N F A RTRD BT i
R BB B o

E 3Rk LA (TCM) L2 o i@ ¥ L4172 B 553 Al(4e MEA)E (7 3%
o ood i g% I d TCMp L2 PSS hs 2@ & %7 % 30 2 gl
ﬁ%%é&ﬁﬁﬁﬁmmmw’?¥%%§%%@ﬁﬁﬂﬁﬁ%“%’4%ﬁﬂ
@R B s B () 3.6-6) o
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Typical Vendor campaign

* Governed by a Test Agreement
* Access to the plant for a certain time slot
« Vendor responsible for test program, usually;

* Investigation of energy consumption, degradation,
emissions, corrosions, etc.

TCM responsible for plant and lab operations

Close collaboration between vendor and TCM staff, and ' Based on open source solvent, e.g. MEA

th 4283 :
others 6. TCM (owners) responsible for test program,

* Sintef (laboratory) \ execution and reporting

* Elec. Pow. Res. Inst. (ind. verifications) = Creating independently verified baseline
¢ Uni. of Oslo (operations of mass specs.) 7 results

Vendor responsible for reporting as defined per Test Close collaboration with governments,
Agreement § research institutes, and universities

Results to be used by owners for planning and evaluation || Scientific dissemination of results
of CO,, capture projects worldwide

] 3.6-6 TCM & 3 B .5 & 4

TCM = & e 3 2% A {r % W EPRI & ¥ > RIGEP 7 2% MEA 573 & kex
[ORF s § R RN G § T AEA T~ e A 17 % RAE(R 36°) -

7k —
e
Gas turbine flue gas 60.000 Sm3/hr s
CO, capture rate ~85% ’
i CO, content in/out (dry) =38/ =0.5% .
= . Energypenalty 3.5GJ/tCo, |
=
! s § CO, produced 3350 kg/hr
1 MEA Owners campaign 2
{ s 3 MEA degradation rate ~1.4 kg MEA / t CO,
» Establishing independently o5 = i
i . +0.
verified baseline results, callien ’
’ Component
* US based Electric Power p— —
¢ ! mv
Research Institute (EPRI) ER
I » Verification protocol AURLEE S
- Test execution __ Acetaldehyde 0.2 ppmv
+ Independent data treatment i Formaldehyde 0.5 ppmv
and reporting Total nitrosamines < 0.00008 mg/m3

P8l Total nitramines < 0.0002 mg/m3
15w TINPEAEIIE B L -

B 36-7TTCM = & e 3 5%
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S F AR ERE&KL > TCM L 2§50 2 F iR E A1 HERIE L
o P HATFET ks § AR LR BEN R FREER ST R

B s AR AL enw (7 14 (B) 3.6-8) °

CCUS technologies at TCM

« Utilization of captured CO, for
production of fish food in
algae bioreactors

= ° Synergies of Norwegian oil&gas and

- ".l,[ll L T =T

MY g Bl

B 3.6-8 TCM = 3 L g1 1 * #%

TCM ipli# = % » #:F ITCN (International Test Centre Network)» % Frghgs
ok K F Ao BRI B EATE B o X HHCT AP B BN R MO 3 0k
Te¥t 2§ i %8

TCM » BB S8 4p b nREF 2t ¢ X REH I F L ApMhe ~HgLT%

G RAET AR S R i 2R BRI E R E -

B AR o

FRANCCC# BRI

ERiRINE T S sy B EF BN B0 = 7 National Carbon
Capture Center (NCCC) » NCCC d Southern Company § # #3225 ¥ » & (T &
# 7z :US DOE -~ National Energy Technology Laboratory (NETL) ~ Electric Power
Research Institute (EPRI) ~ %% &1 % % H ¥ L Wi e M1 2 AP e -
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2 TCM 4k > NCCC # A2 A B RF AE R F F 2 TEFAAMBEF 1
e RRAVTF ¢ SRR T T Gehs 2§ £ F kR(F 3.6-9) -

Gasification &
Pre-Combustion Carbon
Capture

http/fmaps.google.com

B 3.6-9 % ® NCCC Bl H#-3

NCCC { % E 7 FARFEF v KPIFET b RE LR - B gt 8
FiFiFis P R EEEFE - 27 AERY FAA DFF 1 F(F 3.6-10) -

S
To L Plant Gaston Flue Gas
. ——
Stack B % Benchscale Test Bays BT | N
3 FGD
2 Simulated sl
§ = Natural Gas %’—'E—’
2 : Air O;?eraﬁon 4,000 Ib/hr
= 18 B4
; Heater —iE——
Prescrubber 1 Cooler T —
0.5 MWe Flloti5d)
. (O} O T PSTU
’ 0.05 MiWe ——
A‘ 500 Ib/hr S
vivve
17,000 Ib/hr o 1 MWe : )
Flue Gas 10,000 lb/hr * a0
Prescrubber 2 x
N 1 MWe > :
/\ 70,000 Ib/hr g Pilot Bay #3
1.2 MWe — i

12,000 Ib/hr —
Flue Gas

] 3.6-10 NCCC 415 4 & Hiwplid fupe &
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to] HpeoBench-Scale Bli# % 5 5 7 U F RS BERF A WRGTH FFE%K
Bench-Scale #. i & Fp|z2: R A% H B FIFE R > ¥ 1% B F a5 Ripli#
ey > TENH AT R B (R 3.6-11) -

PC4 Bench-Scale

» Simultaneous operation of up to

five developers’ test units

* Slipstream Solvent Test Unit
(SSTU) for solvents in early
development

* SSTU also used for solvent
emissions studies and emission
mitigation processes

» Flue gas/utilities and gas analysis : » =1 A
systems operating independently F’" e Tost Units
of PC4 pilot-scale area \

Bl 3.6-11 NCCC =1 Bench-Scale ip]: %

NCCC ¥ #F2k 5 Pilot-Scale eip|3& % » & Pilot-Scale |3 % ¥ 11 &4 & B 25
ERF T S BRI A ERITRE & EE > 300 PR Bench-Scale 4

Koo fed TR A RIEACE R A  ena 45 27 () 3.6-12) -

» Simultaneous operation of
developer test units and Pilot
Solvent Test Unit (PSTU)

» PSTU offers flexible operation
to match developers’ planned
commercial configuration

* PSTU also supports solvent
emissions and degradation
studies

“adl e > - {2 — b
oY S : PilTot stjlvgnt
P35 - = est Unit ‘
" PilotBay3 }—_ Pilot Bay 2 =
1" —— — a

= — g

B 3.6-12 NCCC ¢ Pilot-Scale & %
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B IS BB HFER)3E S & 0 NCCC & % = 4246 47,000 -] BF eip] 38 > 424
20 F2 B B T eh 1S i B AR A & NCCC il & o

*t Pilot-Scale B3~ A2 14,000 -] pF > $3t B W2 R PF & & i £ T s 47
2 BEAARMAY o JUF iz ks L3 DOE 27425 1 L e 3 1
Eo A% e p g B AR/ ek > F R A AV AR R AR R o

NCCC & TCM F &_ITCN &7— F > HplzEaa & 2 i ITCN & 3 v i
B o & o doid RR B RGE B eea E (R 3.6-13) -

International Test Center Network Members

. -( 7 .~
; ¥ OLOGY - .-
ki SaskPowe F ¥ ~' QF'TS
; Powering the future ,, : /@j
\ mCT FACILITIES </ CHIN N%Unp

EERC. @ SINTEF /
2
NC ’ un|
4
SRU R Sﬁ.‘ \'&.‘ - ur; oL gI|ga Y
2 KORER INSTITUTE OF ENERGY RESERRCH

BiERey 0N . A .
N=|rarona \ \ &5
15%3’42#8&" \\ / A %
‘// \\,./" 5 = ¥
- e/
: CO2|CRC=

B 3.6-13 ITCN = R
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37 F R THEAE RS
R RN
LFRFHFES TELR AT N F R 2 F kR AR T %
AP oendE BLE g2 M COpt » # i ORIR Ak 2 B4 RIE - o)
3.7-1-
BB R AT B AL CO BIBBAT R S o B 3720 ik b
e @ H* o

B 3.7-1COpix » # i¥ 3 -Rik B3t & LBk IT

SR UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

| Hesti modue

Mock completion system

v’ Cased and cemented
borehole test section to
allow three independent
sealant tests

v’ Possibility to create various
types of leaks

v’ Possibility to inject sealants
and fluids or gases

B13.7-2 3 3 fork ik M3 B7 a0 A 2 & A1 hi ok > i1 B3R T A i
2.2 § - g3 3+ 4 (CCP)-% w F# £(2014-2018)

AT EZ Fr BRI AL PR B I ARFIECO G ETE B

CCS i § 22 oo o s % 4+ 4ofF] 3.7-3 -
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CCP Phase 4 ccp @

E |

CO, Capture Project
Executive Board
Chair

Technical
Advisory
Board

Program
Manager

Storage, Common
Monitoring & Economic
Verification Modelling

Policy &
Incentives

Technology Providers NGO/
Universities, National Laboratories, Engineering Consuitants, Specialists Qutreach

bp

ccP4 8 ow
participating organizations “ PETROBRAS &

] 3.7-3 CCP Phase 4 ‘e s 78 45 T 1

3

A H2ZFFY mﬁiﬁﬁﬁﬁgwabﬂmﬁﬁ CO, i 5 et i3
7B

AP EFT AR FRMEE SR (BASRETBALARS
BAripigi s fre 28 5K )COEG S Ao b 2 Bk K kG 9%~/
W > EOR #3% 2% 75 26 % ~ /o o

*SMV & A BB Kk 578 P 2 29509 > EOR 3 ik 370 P 4+ A eh

2596 -

T I ARG A AL R AT G 0 §IPT L o

CEEF S RS TAARN o BRI  RTRE O G T -
A o

*COEOR A P 3 fc CCS = & > F]Z CO #* »+ [ ¥ P eve F|Pb > i i
EOR /ﬂ“,f CO =+~ x3&B 7 CCSehpfiav (7t o

3.??11,-9}; Kr;lilév\ ﬁ/ﬂq/ﬁ"ﬁl:{‘E‘/fﬂEcﬁi ]_.7 :J,’{E.%,Eﬂ“é"};/ﬁ

AT 2P LT CO B TREGTZMBETR R Hite B
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B EP R BRI 4 ERE/EBASA R R T o

o4 FESRE/E BT RP RS KL o Ru A o RS AT EY
ERANEIPIE b= % Nk e

L HCREEF A hin g > BN ERAS BB S kR R R ETE S
ol FREE L I CO iR o

AT st 3R # 4 Aneth EOR 34k > 45 B~ 3t 2007-2009 & CO, i » #p ¥
AE R 800mM-1700m ¥ 7t 332k 23 B+ Bk > B jc P o BB E A
A o

HB SBT3 VAL RS HIRA L FH LS E LG I RRA AT
gja o

ed TR LB BHENTFHYEY > GHPELIATE T AT BEd e
TR U > ©d CLVDS 77 » ¥ i I HUOKRAF MR - 4ok 3.7-4
¥1 g 3.7-5

Microseismic events at the reservoir basement

(a) L L . (b) -200
2000 | e : dh 3
. ._‘.'] .;e 3
-400 b
E 1000 i# g
= ¥ o
= 4 2ea’
3 0 -600 - y o
| il .”v
£ N i
Z -1000 Y e
-800
-2000
T T =-1000 T T
0 1000 2000 3000 4000 5000 1200 1400 1600 1800 2000
_ East-West (m) East-West (m)
£ 1000 Geophones
= A [ —
5
a ,Deaert Crmek Reservolr 05/2008 102008 03/2009
8 2000 _sat_* = — - Month
—
-1000 0 1000 2000 3000 4000
East (m)

(CCUS Conference, 2017)
BI37-4MBEEHL Aisnk ™ > ik # Ak
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Pre-existing fracture zones?

224
* Strike-slip focal mechanisms: : PR -
inconsistent with the injection- =
induce stress change § : g
* Pore pressure induces o5/ |
microseismicity 00
(I Y (A
1200 : 1600 . 2000

West-Easl (m})
(CCUS Conference, 2017)
BI37-5M AT B2 2 COEA % e 3 amT 2d v T HF&EH

4.i¢ * FE/NETL Prophet #-3|f-@ * NETL CO,-SCREEN #i-3] 4 %] :& {7
CO,EOR ¢ Saline Storage 4& ;% J& ¥ 2. CO, &5 afcrt fi
*COy s Mlic i d COy kg &+ * 3L I 2 B e dic (3 12 CO, et o

K-
AT T BT AR 0 A R A R 3 E R
Wiy o

% FE/NETL Prophet #-3] ¢ & * jRa{ein § f#4- % 4pin > 42 > 347 0 &
AR E 4B 376 HP B %5 ULH > 4oF 377
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TECHNOLOGY
LABORATORY

Why is CO, Prophet so Efficient at Extracting Oil? Ee"@s’%%"v“

Oil Bearing Formation
* Stream tubes model net pay

* CO, is very mobile - ¢ Net —
’ . . : . Pay Gas Cap

* Can diffuse/disperse/displace into portions of
gross pay outside net pay

* Can migrate into parts of the formation :’r:'d garsss
outside of the gross pay Forma. | Gas ]
* Residual saturation of CO, not tor! L Zane i 2
ly modeled Thieke
transparent i MESS Residual Oil Zone
* CO, solubility in water not included L

Brine

"=, U.S. DEPARTMENT OF

) ENERGY

B 3.7-6 4 & & & 461 382 T 07 35k

Comparison of Versions 1 and 2 of FE/NETL CO,

. ) . 2, — |NATIONAL
Prophet Model for a Typical Permian Basin Oil Field |¥| |TECH‘,E.§,_L_%Y
:; 0il Recovery Factor — N CO, Retention Factor N i 4 €O, Urilization Factor

0.16

014

Ol Recoy Fact
a B
bR

a
g f
CO2 Retant Fact

[+] o o
2 o 0.5 1 15 2 o 0.5 1 15 z
HCPV Total HUid\njECl‘Eﬂ HCPV Total Fluidln]EﬂEd HCPY Total Fluid IIU-EEtEd
=—Fld: E1l ===Fld: E4 —Fld: E1 ==——Fid: E4 . El = Fid: E4
* Black lines are 10t™, 25, 50, 75t and 90 percentiles from Azzolina * Qil Recov Fact: Qil prod as frac of OOIP

analysis of CO, EOR field data = (O, Ret Fact: Frac inject CO, that is not prod

= Purple line is from original FE/NETL CO, Prophet Model (version 1) - €O, Util Fact: Purch CO,/0il prod
2 : 2

= Blue line is from modified FE/NETL CO, Prophet Model (version 2)

. DEPARTMENT OF

(@) ENERGY

B 3.7-7FE/NETL Prophet #-7] %3 & 1 Oil Recov CO; Ret CO, Util % 7]+

% NETL CO,-SCREEN #-73] » #_35+% Excel ei3] » # 388 _CO, B -k % %
P EahEal RY COn TR L B RPN B ECOn2 kR R T
B T LRG3 COz NI R
-&Mzéﬁi%picozmm P Pl d BRI A R F Dl AE T

AP A EAN R (GleRh o9 2T RER ) THEL
B (bldo FI7R - F4 . Th)
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i F E B KRR CO kT iR A -
HPEREEUS L o 404 3710

# 3.7-1 NETL CO,-SCREEN ﬁ‘?"]%] 7 I CO it Ml 5 12 %%

StrmtbFlow and CO,-SCREEN Results N = [HmenA

TL EEES'&%S’%"
Results for StrmtbFlow

= ——
WAG wat chs | WAG CO,chs WAG wat chs | WAG CO,chs
147 206 223 190 266 289

CO, in Reservoir (Mtonne)

CO, saturation in net pay 0.181 0.285 0.293 0.181 0.285 0.298
Percent of CO, in net pay 56% 63% 60% 56% 63% 60%
CO, storage coefficient 0.131 0.183 0.198 0.169 0.236 0.256

Results for CO,-SCREEN

v—  DomalStructre | FlatStucre |
CO; in Reservoir (Mtonne) 128 164 206 68 75 82
CO, storage coefficient 0.115 0.146 0.184 0.061 0.067 0.073

U_S. DEPARTMENT OF

(@) ENERGY

H R % 4rd 3710

CEEELET G
i COEOR -k ig 2 CO 55w &L BRI EHig 2 CO B -KigizAp
¥ CO T T p i chB kiR 5 A 4ot * COEOR & CO;
EEAREF BLHEhCOpEr 0 B COE s B EL 5 st o
COEOR & % § %% 57 CO i% 5 £ COz % ¥ i » %] CO,EOR ¥ 14 %
ek o @ L COHF > i he COp B Rk 3 & JF B # R R COyp s 4oji
7 ¥ (ROZ)2 A 5% 41 2. CO %75 £ #-+ 22 COEOR 2. CO 5 £ ©

FOMF LR F TR

1CO 2 -k imiR il A2 i » RE CO2E % &+ = 7KK 2 Hhipli
AV FRF LRSI AR TEEMT) AR EAFERBEES > ¥
P EHCO R RRR LT KA I ERR > BRI A H2HT

MT £ RIF| e 5L > 1 & A3 CO,PLUM ehiF & ~ H4% 2203 f2 FIAR A
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+ 4B 3.7-6 -

eIt RS F BB RE > R COPLUM ] 217 i iplid 2
ERE b I

/% COPLUM = ] 2% gl » 3 » 2 jEdp s < & %)

i RIFINA R E COPLUM 517 238 e 5 » 7 45 MT i iRl
e

MT signal depends on plume depth, volume, and TDS

¢ A plume with 100% TDS increase at 50 m
depth must have a volume >3x108 m? to be
detectable by MT, with sensors located above MT Detection Thresholds - Station 7
the plume (0.03 km?2 x 100-m thick plume)

® A plume with 100% TDS increase at 200 m 100 Larger
depth must have a volume >8x10% m3 to be 5.12010°
detectable (0.08 km? x 100-m thick plume)

2.56x10°

400 1.28x10"
® A plume with 100% TDS increase at 600 m depth 6.4x10°
must have a volume >3.5x108 m? to be detectable

(3.5 km? x 100-m thick plume)

® A plume with 150% TDS increase at 1000 m 566
depth must have a volume >5x108 m? to be
detectable (5 km?2 x 100-m thick plume)

3.2x10°

Plume Depth (m)
o
1<}
=}

1.6x107

=]
(=]
=
Plume Volume (m )

8x10"
4x10"
o Detection unlikely 210°
1x10°

® In this study, we did not analyze plumes for 1400
depths >1400 m due to lack of detectability R T

LLNL-PRES-728811

(CCUS Conference, 2017)
B 3.7-6 MT eniz 5L > A3t CO,PLUM siF B ~ B E 3 2 HHMAE

2.2 4% 2 # DECATUR :* % CO, ¥ ifl2 B % = s 4 2pl
«%_2011/11/17 % 2014/11/26/ » %5~ F # #F CO, (~1,102 #fi/ = )ik iz »

] #2140 = & jE A 0 Mt Simon Sandstone ¢ %3+ % B w18 R

g e
APRERAOPEFEIE > PHREIAPN CO27 2 0 12 FR
Irme A 2 S ERIBEFTEPN CO2Z B REH T E L2 REK

LN < E R R ot I PEE
LB ERT P - B HE 403D LE 226 (VSP) £ 3D
¥ & Rl 4o®) 3.7-7
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ehrE 7 A = 3D 4 Ripl (2011 & A& 2015 & £ gl )0 A
(FEJE 2 245 > 4o 3.7-8 ©
HAMABEFR LA AT HE R (SED) AR L4727 % R

NE O NFRI - B RRrERREL B o

3D Surface Seismic and 3D VSP
(Green Dots) Survey Areas

(CCUS Conference, 2017)
] 3.7-73D VSP(& ¢ Bt A )2 3D # % 2 pl# Fl
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(CCUS Conference, 2017)

] 3.7-8 3D 2011 £ 2015 ¥ # & ipls4p &p & 25

AT KL CO P~ » F B FIEF P BRI AR

RER 2 B rEFUE o PR TR A PE R SRR ML
A F 2 F R R T s R .

D RRIEAEILE A ris 0 BEET COA rBRF R FE TP

oK) o) 3.7-9 o
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Displacement Field (Zoomed)

(CCUS Conference, 2017)
B 3.7-93D 3+ £ BiplE 587 COA B A % FlEF P chB-KEA

3.24l#% 2% DECATUR - 4 2 B A&7 = M
BE A

BTN S T LTy e
cAFE ] e 0 A€ IBDP 25 & TR fE B 0 COp MM A BT
B4 o

CO, BB imntrd v g R PEEZREPEFTE 5 o
CO, BMBLin® i * “F &7 & "R 2 ZIFgp o

R AR A RRERREL T X ARFOFRTIFTRIEE o
TR REERIE  ZRRIC FERF S A A OE BRI B

ié q+ o

N T OH NE e AR E o FUBE & DIRERE K R -

GG R HRAE T £ T H I RET R R BRI R E
"Ly 4] 3.7-10 o
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. ngh resolution static geologic
model created.

(Integration of 3D seismic data, geophysical logs, and core)

Geologic structure and stratigraphy
interpreted.

(3D seismic volume)

Porosity distributed by co-
simulation of well logs with inverted
seismic impedance.

Permeability distributed by co-
simulation of well logs. (euan* advanced
multimineral log analysis), With porosity using
correlations from core and well logs.

Static Geologic Modeling

Static model ~30 miles x 30 miles

Horizontal grid resolution of 150 feet x 150 feet.
Vertical resolution in is variable, averaging 3.8 feet.
Static model had 906 million cells

(prior to cropping and scale-up for simulation). 8
(CCUS Conference, 2017)

B 3.7-10 EZfrFmpld EFESE L THY

PR Z AR A RPHRRIERT LB A X FF I COMELE Y Mer e
204 (<40 ~50 feet) 7 § W iRIT] 5 d I AF LA ¢4 R H R RR
BRIHE B Er 0 B R B~ B A B RS B CO BB B R A
FIe

U T A BB B 4L 88 3 COiL » 15k K AL B A2 2 %

P BORBAEE COpfiaE = » R INAEA S B RN R - E T
¢ 7 ELAN #h¥ » #ic2? # 7 % #icdp £ > Hashin-Shtrikman 2 & T35
Gassmann £ Patchy ##-3] i 48 5 % > 4§ 3.7-11 -

\
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Elastic Characterization Data

Geophysical Log Matrix Characterization for
Hashin-Shtrikman Forward Model

o
= [N

No strong elastic

o A i e

2 WM_MFQMW/AJW

A A

(CCUS Conference, 2017)
Bl 3.7-11 3 e ' 5 Hashin-Shtrikman = 32 #5273 & #

tection Limit: Percent Acoustic Impedance Change

e
l ,

Patchy Model
=

Percent acoustic impedance change =
e WP ;

(CCUS Conference, 2017)
B 3.7-12 & P& L B e b it § 4 vt 2 Patchy Model

4.7 % TR T AR g RN Rk CO2iL ~ BB

AT EELLERBE ¢ Cranfield EOR &2 8k CO 52 < 3| %
R (IMU/E ) »3+ 3 5 32 mE 8~ 5 (DAS) 4§ 3.7-13
AT S B WmE R P RFEHT IR AT M (ERT) F Rl A5 B ERRE S
K¢ COp Bsinds e fo %1t > 4o 3.7-14 -

52



*ERT# M Epl-ké{cR ~ @R (TDS) 2F &% i > 4ok 3.7-15 -

" Detailed Area of Study (DAS) for evaluation of CO, storage
in saline aquifer and study of monitoring methods

=

F-1 F-2

<— 70m—3<———33m "7 il I

Injection E—
LN
L] *  Theinjection well F1 is located in the downdip

Y water leg below the oil-water contact
® CO, injection through F1 into a deep saline
aquifer began on 12/1/2009

(CCUS Conference, 2017)
B 3.7-13: - wm% 7 (DAS) = Bk CO s ERI# ERP

LLNL-PRES-728698

The world’s deepest electrical resistivity tomography (ERT)
monitoring system was deployed to track CO, movement
and saturation change in the reservoir

® 21 Electrodes and 60 km wires were
deployed at 3200 m (10,000 ft) depth

® Hostile environment for ERT: pH=3,
122°C (252°F) , 4520 PSI (31 MPa),
TDS=156,000 mg/L

® Stainless steel electrodes were
mounted on the outside of fiberglass
well casing and grouted in place
permanently

60 km wires

LLNL-PRES-728698

(CCUS Conference, 2017)
B 3.7-14 p w2+ BFOT AT e (ERT) E R Same # % 13
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ERT can monitor changes in water saturation, salinity (TDS)
and temperature

Archie (1942): formation bulk resistivity is a
function of porosity (¢), pore water resistivity
(py) and water saturation (S,). a, m and n are WIS,
empirical constants ‘r ,_ %  "~5; ,,,,,,,,
_a¢™-p,

S

]
?
|

Y
i
N

{

SR ST

)

)
D

)
9‘
r»

»\v&g
)

Vaoge
http://www.nga.com/Geo_ser_DC_tech.htm

resistivity (ohm-m)
0.01 0.1 1 10 100 1,000 10,000 100,000
assivejsulfides

Supercritical CO, displaces brine and reduces
water saturation. CO, saturation (Scy,) is
estimated from the ratio of baseline resistivity
(po) to monitor resistivity (p)

glacial sediments

—
sedimentary rocks
1/n nite, c omite, imestone
Po - s
i water, aquifers
Scoz = 1— [ —————— &
p 100,000 10,000 1,000 100 10 1 0.1 0.01
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(CCUS Conference, 2017)
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Baseline resistivity models show reservoir heterogeneity

and Ilker C02 flow path 3163
3167 S—— B ¥
® Low resistivity zones (blue 31724 -
color) indicate high porosity 3176 "

and likely high permeability

= 3182
with more saline water

3185s....

There are likely two flow
paths from F2, which combine
into oneto F3

3189
3194
' 3198

g Bl

. 3203

[P

3207 =
3212
" Luetal
EHE
0.2 0.6 3.2 16 3217 (2013)
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B 3.7-16 AT IEFHAIBT 62k B e v i ch COpim v B /T

54



ion with daily
0 days)

* CO, plume is

I BRSO i T o8 confined inside the
: reservoir without
= e | 113‘ apparent leaks in
- e the caprock and

ol 12/10/09 © 7 12/20/09 T 12/20/09 .. 1/9/10 1 1/19/10 dirdiarbinden

- i . ® CO, saturation

w*Day60 | =l Dav70 | o e
- =+ Day v+ Day80 | -+ Day90 »+ Day 100 | grows with time

= - ::::\ = * Decrease of CO,
- = ] = = . saturation on Day
S apspo t oo | Topspo | opsmo 1 apono ¢ BOisdueto
ol B Injection pause
E—— ]
= = 0 6 12 18 24
LLNL-PRES-728698 . CO2 Saturation (%)

(CCUS Conference, 2017)
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Project Locations & Cost Share

Archer Daniels Midland
CO, Capture from Ethanol Plant
CO, Stored in Saline Reservoir
$208M - Total; $141M - DOE
Saline — ~0.9 MM TPY; 2017 start

EOR - ~3.0 MM TPY; 17 Qtr 2017 start

Air Products & Chemicals, Inc.
CO; Capture from Steam Methane Reformers
EOR in Eastern TX Oilfields
$431M — Total; $284M — DOE
EOR - ~1L4 MM TPY; early 2017 start EOR — ~0.93 MM TPY; started December 2012;
3.5 MMT stored as of March 2017

U.S. DEPARTMENT OF

ENERGY

13812 CCSmiirdyoirs i
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1.7 Farnsworth ¥ =4 w

FRA Al

(FWU) CO, EOR :&

ﬁﬂpﬁ&'r&'r

EEE

*FWU EOR fi¢ * % kit » % 5 2% COfréh -k (WAG) i1~ » H %k

F 5 ~6-10 8

FWU % 3 &3 B3

*South Western Partnership (SWP) 2.+ g7 B
Hoiv i P SR MI R 75 0 i CO 2

1342 87 vk ind < o
I I i

5? 2% ;F‘—

T ERARIFAREE 3 & F Bt ¥ 53§ 4 (perfluorocarbon 5 g A 0 PFT)
2 kA 4p (naphthalene sulfonate 7+ & #| » NST) - 3t 7 LA~
* T B A 2 fBAT 0 4od 3.8-1e
FWU & L5 2 st@ &% 5P FEAL 2 2 TRl 2 =8 > 4of
3.8-2 -
%3813 BHW &L~ @ % 7 A2 Ak
Date Tracer Soluble Phase Injection Well
May 2014 1,6-naphthalenedisulfonic acid 1,6-NDS aqueous #13-13
May 2014 1,3,6 naphthalenetrisulfonic acid 1,3,6-NTS agueous #13-10A
May 2014 1,5-naphthalenedisulfonic acid 1,5-NDS agueous #13-5
May 2015 perfluoro-1,3,5-trimethylcyclohexane | PTCH gas #13-13
Oct 2015 2,7-naphthalenedisulfonic acid 2,7-NDS agueous #14-1
Nov 2015 perfluoro-1,2-dimethylcyclobutane PDCB gas #13-10A
May 2016 perfluoromethylcyclohexane PMCH gas #13-1
May 2016 perfluoroethylcyclohexane PECH gas #13-3
NATIONAL - =
TECHNOLOGY S\ Rl
LABORATORY
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CARBON CAPTURE, UTILIZATIOléghﬁ%h%E Pacific m: ;g
NATIONAL LABCRATORY

ion of Tracer !,nje&t;gnslMO'nitoring —

* Injection into active
5-spot patterns in
the western half
during CO, flood or
water flood

+  Sampling/monitoring

o Production wells

o USDW (Ogallala
aquifer)

o Atmosphere

N=|MAroNAL g W ‘["35 | 11

TL TECHNOLOGY
LABORATORY

B 382FWU & L |5 X L@ & # ¥ Eonr®ii» 2 T2 =%

AT % STOMP-EOR S E iR % > BT nlr F 2> TR 2 % >
4§ 3.8-3~3.8-5 °

-

AFTEREAY BT RELR

i

Wi
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CARBON CAPTURE, UTILIZATIOI‘é g(NSFTE%%ﬁ%E T

NATIONAL LABORATORY

STOMP-EOR Tracer Simulations: #13-10A U

+ Initial conditions on May 2, 2014

« History matching (pore pressure, aqueous saturation, temperature, and
total mole fraction of the pseudo components) — STOMP-EOR

Nonaqueous Liguid Saturati p Gas Saturation

N=|raTonaL
TL TECHNOLOGY
LABORATORY

@] 3.8-3 FWU & X ]#13-10A ;+ » # STOMP-EOR #~ 4 #ic & 8t

CARBON CAPTURE, UTILIZATIOI\é g‘NSFTE(f)(%ﬁ%E e

NATIONAL LABORATORY

STOMP-EOR Tracer Simulations: #13-10A "

1 L

Aqueous 1,3,6-NTSA Concentration, ppb 10 - L
27226.7 W #11-2 = e
1| x #32 atinum_PowerPoint_Backgrour
l;gg%f; 2040 days from 1 December 2010 & o11ipg
8 #13-12 =
1248 days : 2 May 2014 : Tracer Injection _
211956 | 1553 Gays - 7 May 2014 - Gas Flood 2 Mo
905.031 | 1561 days - 11 March 2015: Water Flood = ¥ 41316
386439 | 1575 days - 25 March 2015 : Gas Flood g 4 #1317
165.005 1828 days : 2 December 2015 : Water Flood E 6 > #13-19 =
70.4555 1917 days : 1 March 2016: Gas Flood £ W #32-8
: 2040 days : 2 July 2016 g
[ 30.0837 8
12,8454 o 44 E
5.48486 E
234198 s
1 23 3
0 : - -‘“MNIII w - 2 II'I .
6/1/14 9/1/14 12/1/14 3/1/15 6/1/15 9/1/15

Date

« Well schedule for the
injector: daily field logs
and mass injection rate

« Producer wells:
constant pressure wells
based on field pressure

N, NATIONAL 2400 =
TL|Esuossy C— ) L — | 17
LABORATORY N

] 3.8-4 #13-10A ;L » ¥ STOMP-EOR 77 i § S $ic (& H#t
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CARBON CAPTURE UTIIZATION & STORAGE T
ERENCE Pacific Northwest

NATIONAL LABORATORY

STOMP-EOR Tracer Simulations: #14-1 oy

« Flow around injection

Aqueous 2-7-nds Concentration, 1/m*3

! 0.000242 well #14-1, depends on:
0.000222 2200 days from 1 December 2010
0.000202 1774 d: Tracer Injection o Residual water

] gggg:gg 1774-2200: Water Flood saturation
0.000142 Residual water saturation = 0.2 o Effect of fault damage
0.000122 : X-, y-, and z-direction permeabilities )
g-gg?(;gz ’\»,‘h along the fault = (x10) Zzone
6.2E-05 -y o Matching production
4.2E-05 L T N
22E-05 wt . values on all three

wells

2E06/

N NATIONAL ¢
e
YL [rcmorocy — L 1 | 2
LABORATORY

@] 3.8-5#14-1 ;2 » ¥ STOMP-EOR 7+ i 7 s BcE it ¢ 7 47 + 2 B 5
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ey 4 2 B R & TTA R et 3F o AL B RIREAP (Wyoming) -

) > PEiE H AT H 15 % 0 4 3 CCUS eha £ o
IRB e fF+ 098000 *%2 » FERF L~ ojadAr

A 3 2RE S o R AR R AR P2 AR

Powder River Basin (PRB) # # #% » &85 > % %) 35 B+ » £/ % 200 & L 4

=
x
a1
o

FRCOZVDED O ZSERF AL AF G A RB e > L& 500 B R
B 7 (FCO,-EOR 4 B+ o WA Ry S EMB» = 22 A7 > L A2B
B R E o

s W g g et > 5 UW-SER- 5 84 3 ##4 - CMI
- DOE - Carbon SAFE Grant ~ EORI - WY EOR % & ch# & 1 i¥ ~ ENDOW —
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B i, UTILIZATION & STORAGE APRIL 10-13 | MCCORMICK PLACE WEST | CHICAGO, IL

Wyoming Pipeline Corridor Initiative

® €02 Producing Wells — €02 Producing Fislds
kem Power Plants Existing Fiel

Trunk Corridor

= Lateral Corridor

B 3.9-1 P ¥ COp i 3 sps iyt & 634 % B

CCS W RBIRTE 4 P Higdo™ !

od RN E S € 1F A AR
HFXEVER LR S e COrEOR 1 ¥ 2
o AT R IR 4

SR L F 45Q fricis ke
TR

g RPN E R R R A EESHAeT

ML MR EFARB G KT FR -
MR L PR e R P g 2 IE R R R N A
* CCUS Hujir » M f3 £ o812 0T i 8 B 2 50 o

2

chdr LN L 3 CCUS e £ > i I By 4 -
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