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TOPIC OUTLINE
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A What is the Permian Basin Carbon Capture an
Storage Training Center?

A Training Media

A Other CCS Training Centers

A Changing Focus

A Operations Workshop Highlights
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About Permian CCS Center

PTIC APTA AAPG
PERMIAN CCS CENTER

A World class training in carbon capture and storage (au

EOR) for and
individuals in t
presence avail
and the world

A Stimulated by

oy industry professionals, focusing on
ne Permian Basin but through online

able to individuals throughout the U.S.

a grant for the National Energy

Technology Laboratory of the DOE and the American

Recovery and
A Efforts guided

Reinvestment Act of 2009
oy and Industry Advisory Board
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Permian Basin CCS Approach

PTIC APTA AAPG
PERMIAN CCS CENTER

A By and For Industry Industry organizations
Instructing industry professionals

A Targeted audience of wide range of energy
professionals potentially involved in CCS, engineers,
geoscientists, regulators, academia

A Its all about the money: for the individuals to advance
for PBCCS to become sedfistaining
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=mw | Nree World Class Organization:

PERMIAN CCS CENTER

Y Petroleum Technology Transfer Councill

Tech Transfer, Workshops, Newsletter, Tech Alerts

P American Assocliation of Petroleum
7%y  Geologists
37,000 Members, Publications and Conferences
Distance Learning

A Applied Petroleum Technology Academy
= CO, Course, CQConference
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—mem APPlied Petroleum Technology Academy

« The Applied Petroleum Technology Academy ("APTA") is a non-
profit organization created to teach energy companies how to apply
cost-effective technology in order to extend the lives of aging oil and
gas fields around the world. APTA's mission statement is simple:

"To provide practical training of oilfield practices in a mature
oilfield environment emphasizing cost savings with ample
opportunity for field visitation."

« Headquartered in Midland, Texas - in the heart of the Permian Basin

— APTA can provide access to hands-on practical training based on
decades of CO, experience. Curricula can be customized to meet the
specific needs of clients with respect to both their levels of expenence
and to the types of fields they are dealing with. APTA's curricula are
designed to cover all aspects of petroleum production.
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e Petroleum Technology Transfer Council

« PTTC provides a forum for technology transfer and learming

« The Petroleum Technology Transfer Council (PTTC) is a national
not-for-profit organization led bt,r an independent Board of Directors
and managed by the American Association of Petroleum Geologists.
PTTC was established to provide a forum for transfer of technology
and best-practices within the producer community. Local Producer
Advisory Groups ensure that PTTC activities in a particular region
address the technology needs of producers in that area.

« PTTC is a partnership to connect independents with the technology
and knowledge to safely and responsibly develop the nation’s CCS
and oil and gas resources. As such, it is an important part of
America’s energy solution
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il American Association of Petroleum Geologists

 Founded in 1917, the American Association of
Petroleum Geologists is currently the world's largest

professional geological society.

+ The membership of AAPG includes geologists,
geophysicists, CEOs, managers, consultants,
students and academicians. The purpose of the
organization is to foster scientific research, advance
the science of geology, promote technology and
iInspire high professional conduct.
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Major Elements of Permian Basin CCS

PTIC APTA AAPG
PERMIAN CCS CENTER

A WeekLong Short Course (APTA) Industry
Professionals instructing Industry Professionals

A Series of Onday Workshops and Webinars (PTTC)
A E-Certificate (AAPG) and free Open Courseware

A Augmented byvww.permianbasinccs.ordNewsletter,
e-alert



http://www.permianbasinccs.org/
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. www.permianbasinccs.org

PERMIAN CCS CENTER
{ I}l! CARBON CAPTURE & STORAGE TECHNOLOGY
; ‘“““\L ’“""_ “World Class CC% Training for & by Industry Professionals™
EOR = DSA | , _ .
O " Imparting the needed skill sets to realize CCS opportunities
e

PERMIAN CCS CENTER

Developed & Delivered by PTTC, APTA & AAPG with Grant Funding
from the American Recovery and Reinvestment Act of 2009 through DOE

Elements of the Program  » CC5-related layer maps of Permian Basin |
) THE PERMIAN BASIN GECLOGICAL FEATURES
Calendar of CCS Events ey ANDY LA O OO INFRASTRLUCTURE .
Newsletter/Tech Alerts N L.'\"-. = :
.

CCS News of Interest b S I oy =5
Other DOE Regional B o - o o @
CCS Training Programs B B el w ‘g

l I e S B?ij =3
DOE's regional Carbon || .- : o
Sequestration Partnerships . -EL':,:G‘-_’ / North Sh

— ""—'M"‘.'". LA LR




pttcorg  aptapb.org  aapg.org

Resipuat O Zones

BY STEVE MELZER

ur first 1ssue described pervasive-

ly dolomitized intervals (PDI) in
the Permian Basin (PB). PDIs stem from
a slow lateral invasion of water from
outcrops on the western side of the PB
that pervasively altered the limestone
to dolomite resulting in a laterally con-
tinuous, moderately porous and perme-
able zone that provides a large potential

permianbasinccs.org

VOLUME 1, NUMBER 2

Carbon Capture and Storage Technology

atch ¢ STORE

World Class CCS Training for and by Industry Professionals

AUGLUST 2010

What doers a Reridual Oil Zone

(ROZ) look like?

esearch is documenting the evidence

or and characteristics of ROZs
below the major 5an Andres reservoirs in
the Permian Basin (PB). There is signifi-
cant anecdotal evidence for the presence
of ROZs from exploration wells in “goat
pasture” both adjacent to, and at distance

BY BOB TRENTHAM, UTPB/CEED

Characteristics. Rock properties include:
the presence of sulfur crystals associated
with gypsum in the swept interval (ROZ)
of carbonate reservoirs; evaporites that
are dissolved in the ROZ or altered in the
lower part of the main pay; sample shows
of o1l and / or gas (odor, cut, fluorescence in
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Permian CCS Workshops

PTIC APTA AAPG
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Extended Length Workshop (4 Y2 days) contains most of the
aggregate material found in the 1 day works listed below

A Overview of the Elements of CGSCCS (and CQFlooding in
the Permian Basin)

A Site Selection and Operationd he Reservoii
Characterization, Modeling and Monitoring

A CO, Flood Operations & Surface FacilitiesCO, Sources and
Capture Technology
A Business of CQFlooding and Moving Forward with CCS
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Webinarsi Slides and Voice

PTIC APTA AAPG
PERMIAN CCS CENTER

A The Promise and Performance of Next Generatiog C(
EOR by Advanced Resources International Witho
Kuuskraaand MichaelGodec

A CCS (and CQFlooding) in the Permian BasinAn
Overview of the Science and Training Program with
Steve Melzer and Dwight Rychel

A CCS in the Permian Basin, The Reservoir
Characterization, Modeling and Monitoring with Steve
Melzer and Bob Trentham
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Free Open CoursewardAPG

PTIC APTA AAPG
PERMIAN CCS CENTER

A Carbon Capture and Sequestration: An
Introduction

A Geological Models in COSeparation

A CO, Supply, Demand: Legal and Regulatory
Issues

A CO, Separation, Compression, Transportation
and Marketing
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Permian CCS-€ert Program

PTIC APTA AAPG
PERMIAN CCS CENTER

A Online program

A Proceed at your own pace

A Certification after demonstrated learning
A Similar topics as short courses

A Structure the same as recent AAPG Solar Ene
Program
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Other CCS Training Organizations

PTIC APTA  AAPG

PERMIAN CCS CENTER
Midwest Geological Sequestration Consortiu@equestration Training and Education

Centeri MGSGC-STTC (ttp://sequestration.org/step/index.hitoy lllinois State
Geological Survey.

Carbon Capture and Storage Training (CCST) Northiv€sirbon Tech Alliance
(www.carbontechalliance.oydpy Environmental Outreach and Stewardship Alliance.

Southwestern United States C8equestration Training CentelCO2TC (New
Mexico Institute of Mining and Technology)
www.southwestcarbonpartnership.org/default.aspx

Southeast Regional G@equestration Technology Training Progra®ECARBEd
(www.sseb.org/secarbd.php by Southern States Energy Boandww.sseb.ory

Sequestration Training, Outreach, Research & Educat®hORE
(www.storeco2now.colrby University of Texas at Austin..

Wyoming CCS Technology InstituteWCTI (http://wcti.uwyo.edyby University of
Wyoming.



http://sequestration.org/step/index.html
http://www.carbontechalliance.org/
http://www.southwestcarbonpartnership.org/default.aspx
http://www.sseb.org/secarb-ed.php
http://www.sseb.org/secarb-ed.php
http://www.sseb.org/secarb-ed.php
http://www.sseb.org/
http://www.storeco2now.com/
http://wcti.uwyo.edu/
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Permian Basin CCS Training Cente

PTIC APTA AAPG
PERMIAN CCS CENTER

What Has Worked

A Highly Qualified and Responsive Advisory Board
A Newsletter and-élert Informative, hundreds of readers
A Broad Encompassing Curriculum

A Structure in place for first two short Courses and
Webinars
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Permian Basin CCS Training Cente

PTIC APTA AAPG
PERMIAN CCS CENTER

Challenges

A Lack of congressional action regarding climate control providin
Incentives to capture and sequester, Causing otherwise
Interested parties to lose interest

A Targeted Oil and Gas Professionals in Permian Basin have ski
In place for sequestration via GEBOR and little interest in
geological storage in saline formations

A Consequently low interest in early produced workshops and
webinars
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Permian Basin CCS Training Cente

PTIC APTA AAPG
PERMIAN CCS CENTER

Where We Are Today

A Broadened targeted audience to include regulators,
environmentalists, scientists, electric generating
industry and other CCS stakeholders

A Slowed the pace of delivery somewhat until the
audience is broadened and some hope of legislation
emerges

A Focused more on electronic delivery, versus the local
workshops
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Operations Workshop Topics

PTIC APTA AAPG
PERMIAN CCS CENTER

A CO, Flood Operations

A Wellsite Surface Equipment

A Downhole Design and Considerations

A Operational Features Peculiar to J@ection Projects
A Examples of Operator Differences

A Review of Anthropogenic Sources and Existing and Future
Capture Technologies

A Dehydration Processes
A Compression Facilities
A Sulfur Removal
A Recycle Plants



Typical CO,/ Waterflood Operation
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Producing Well

CO, Purchase Line
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Water Injection

Field Flow Diagram

CO, Recovery Plant
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Field Flow Diagram

Gas Sale
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Surface Equipment

Design Considerations

Production Equipment/Vessels
Headers
Separator & 3 phase
FWKO
FGKO
Tanks

Oil & Water

Vapor Recovery

Water Injection Equipment
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Productlon EquipmentVessels

A Production Separator
| 2-phase

I Eliminates large gas
volumes at test site

I Disperses slugs and
surges

A Free Gas Knock Out

I 2-phase

I Eliminates large gas
volumes

I Regulates fluid delivery
to FWKO

25



Production EquipmentVessels

A Free Water Knock Out
I 2-phase (fluid packed), or
I 3-phase

A HeaterTreater
I 3-phase
I Vertical or horizontal
I Oil/water separation

A Gas Scrubber
I 2-phase
I Separates carry over fluids

26



Production EquipmentVessels

A Design Considerations
I Operating pressure |

I Operating temperature ——

i Production flow rates st L i
throughout life of projects T ; w g

A Materials _—

I Internally coated carbon
steel

27



Production EquipmentTanks

A Working Tank

A LACT Tanks
I Circulation system
I Agitators (mixers)
A Design Considerations
I Daily production rates ,
I Operator response time ‘-
A Materials

I Carbon steel
I Partial internal coating

28
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=== Production EquipmentVapor Recovery

A Design Considerations
I Gas volumes
I Oxygen !
I Regulatory compliance =
A Materials
i Vessels: CS hot side /St
cold side
I Piping & Valves: CS hot
side / SS cold side

29



Downhole Design Considerations

Tubulars Both Production and Injection Wellbores
Metallurgy for Pumps and Packers
Artificial Lift
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CO, Operations Features/Operator Differences

PTIC APTA AAPG
PERMIAN CCS CENTER

Review operational feature differences and
similarities in regard to production practices
Including artificial lift.

Review operational differences in the handling of
the produced gas stream for the flood injection



m Surface Facilities Options

A Reinjection of associated gas produ@eiten Referred
to as Blood, Guts, and Feathers {BGF})

I Compression and usually dehydration

A Reinjection of associated gas stream coupled wjth C
extraction for sales

I Compression, dehydration, rough hydrocarbon cut, i€@oval

A Processing of the associated gas stream isd @
sales and C¢CXor reinjection

I Compression, dehydration, hydrocarbon recovery (distillation, CO
membranes, etc.)

32



Anthropogenic Sources and
Separation Technologies

c02
EOR  DSA

I"ITI}‘ APTA AAPG
PERMIAN CCS CENTER
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Industrial Sources of CO2

PTIC APTA  AAPG

PERMIAN CCS CENTER
Source Flue Gas

% CO?2
* Coal Power Plant? 13.3
* Natural Gas TurbineZ 4.0
* Cement Plant3 14-33
* Steel Mill4 15-20
* Ammeonia Plant> 98+
* Hydrogen Plant® 95+
* Ethylene Oxide’ 98+
* Ethanol Plant® 98+

1
2z
3
a4

CO2 Capture/yr CO2
(MM tons) MMSCF/D

222

72

56

5 184
2 30
0 24
0.18 S
0.14 7

- 546 MW(net) Supercritical Plant @ 85% Capacity Factor, 90% Capture

482 MW (net) Nat Gas Combined Cycle Plant @ 85% Capacity Factor, 20% Capture
1.1 MM ton/yr cement plant @ 92% Capacity Factor and 80% Capture

0il & Gas Journal, 10-4-2010, p.108: Original Source (IFP)

5 - 1500 ton/day NH3 plant base on steam reforming of methane, 95% Capacity Factor
6 - Based on 100 MMSCF/D hydrogen production from SMR @ 95% Capacity Factor

7 - 350,000 ton/ye Ethylene Oxide plant
8 - 50 MM gallon/year ethanol plant

Blue Strategies, 2010
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CQO, Capture Technologies

PTIC APTA AAPG
PERMIAN CCS CENTER

PreCombustion
IGCC1T FutureGen
Membranes
Oxy-Combustion and Chemical Looping
Pure Oxygen vs. Air in Boller
Post Combustion
Adsorption
Solvent
Integrated Environmental Control ModeWWW.lecmonline.com
Discuss and Evaluate all GGQapture Processes



http://www.iecm-online.com/
http://www.iecm-online.com/
http://www.iecm-online.com/
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= m  CO2 Capture Demonstration Project
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PERMIAN CCS CENTER

Coal Fired Power Plants

Performer, Location, Capture Technology ,Capture Rate (tonnes/year) , Start [
Pre-Combustion Capture

Summit Texas Clean Energy Odessa, TX Selexol 3,000,000 2(
Southern Company Kemper County, MS  Selexol 2,000,000 201
Hydrogen Energy  California Kern County, CA Rectisol 2,000,000 201
PostCombustion Capture

Basin Electric Beulah, ND Amine 5,00,0Q@m00,000 2014
NRG Energy Thompson, TX Amine ~500,000 2(

American Electric Power New Haven, WV Chilled Ammonia 1,500,000
2015

Oxy-Combustion Capture
FutureGen 2.0 Meredosia, IL  O&ombustion 1,000,000 2015



Gas Plant Processing

Dehydration/Compression
Sulfur Removal/Recycle Plants



Gas Handling Dehydration

A Design Considerations
I Is dehydration necessary?
I Wet CO, flow rates
I Operating pressure
i Operating temperature

A Materials

I Contactor: Stainless steel

i Regeneration Skid: Carbon gsss ! S TEN
steel and stainless steel SRS St B~ 00k AR B &
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Gas Handling Compression

A CO, compression differs
significantly from natural
gas compression

I Materials

I Compressor Speed
I Drivers

i Cooler Design
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Hess Seminole Plant Schematic



