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BUT IT IS ALSO ABOUT THE ENVIRONMENT...

Must satisfy energy demand within environmental constraints:
What do people care about most?
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Figure 5.1. What are your top three environmental concerns? (Q2b)
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AND IT IS ALSO ABOUT ECONOMICS...

Where will the electricity come from?

The electricity production mix, GLO50 scenario
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Key point: Electricity production from power plants equipped
with CCS increases to over a third of total production by 2050
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Decarbonized Energy Benefits

Environment:
Atmospheric benefits of capturing and storing CO2

Energy:
CO2 — EOR (Enhanced oil recovery), EGR

Economy:

Jobs, taxes, infrastructure, development, etc.



Current level of activity Is intense

e Legislative (110t Congress)

— 100+ Congressional actions addressing aspects of global warming, climate change, carbon
sequestration, etc.

— Lieberman-Warner Proposal (Cap & Trade= 19% by 2020, 20% by 2050)

» first comprehensive climate change measure to clear a congressional panel
— Bingaman — CCS Bill

* “The topic of carbon capture and storage is central to the future of coal in the United States and
our future energy policy”

— Salazar / Bunning: National CO2 Storage Capacity Assessment Act
Dingell / Boucher White Paper (Cap & Trade)
. Regulatory / Legal
— EPA: Mass. Vs. EPA, Rulemaking for CSS (2008)
— I0GCC; RGGI
— “Kansas Permit Denial Prompts Legal Fight Echoing Nationwide CO2 Debate”
* Industrial/Markets

— Trading: European and Chicago Climate Exchange
* The carbon market grew in value to an estimated $30 billion in 2006
— FutureGen & FutureGen-like projects

— TxCCSA
e Research

— DOE / NETL Regional Partnerships
* BEG - Gulf Coast Carbon Center



TEXAS AND GREENHOUSE GASES

Where Texas ranks nationally in carbon dioxide emissions from fossil-fuel burning, in millions of tons
per vear:

1. Texas 723.2
2. California 422.3} 711
3. Pennsylvania 288.7
4. Ohio 278.1
5. Florida 263.2
6. Indiana 253.8
7. llinois 250.3
8. New York 233.1
9. Michigan 212.4
10. Louisiana 182.2
Where Texas ranks worldwide:
1. United States 6,517.0} 11,706
2. China 5,188.8
3. Russia 1,857.2Y
4. Japan 1,391.2
5. India 1,227.7
6. Germany 950.4
7. Texas 723.2 > 7’984
8. Canada 648.1
9. United Kingdom 639.0
10. South Korea 547.6

Figures are the most recent available: 2001 for U.S. states, 2004 for countries. Texas' worldwide rank does not change if 2001 figures for
countries are used.

SOURCE: U.S. Energy Information Administration



Some Major Geologic Projects Underway
(1 Million TPY CO,, ~ 100 MW Coal Power Plant)

Weyburn Unit Oil Production

Weyburn CO, EOR Project

e Pan Canadian Resources / Encana

e 200-mile CO, pipeline from Dakota
Gasification Plant

o 130M barrels oil over 20-year project

Sleipner North Sea Project

o Statoill
e Currently monitoring CO, migration
« MCS imagine a success
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SECARB: Regional Involvement:
100+ Participants

Member States (Executive,
Legislative and Regulatory) d
Industry and Electric Utilities
Universities and National

Laboratories .
NGOs and Trade Associations

Seven regional partnerships

Representing:
= 160+ Qrganizations
=4 Canacian Provincas
=1 Indian Nationg

. - States
Partnership Partnership Lead Represented
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5 on P - Baitelle Memorial Institute OH, PA. WV
An Assessment of Geclogica The Board of Trustees of the
S Arai i University of lllinois, llinois Siate IL, IM, KY
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. AL, AR, FL. GA,
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West Coast Regional Carbon | State of California, AR, AFZ, CA, NV,
Sequestration Partnership California Energy Commission DR, WA

in Sky Regi o] . . .
EI Sk r?eﬂ H:-Enar erb : Montana State University 1D, MT, S0, WY
Plains CO2 Redustion University Nul_'th Dakota - 14, MO, MN, ND,
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—arnsr=e Research Center WY

Characterize the potential carbon sequestration sinks

in the Southeast;

Conduct field verification studies in the most
promising geologic formations in the region;

Advance the state of the art in monitoring,

measurement and verification techniques and

instrumentation; and

Develop sequestration technologies and characterize
geologic sinks for future readiness.
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Overview of Geological Storage Options | e— D1 odUced oil or gas

1 Depleted oil and gas reservoirs essssssseseccaces MMlECEdic O
2 Use of CO, in enhanced oil and gas recovery : REEEE  Siored CO

3 Deep saline formations — (a) offshore (b) onshore z
4 Use of CO, in enhanced coal bed methane recovery
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Image from CO2-CRC



ISO-DENSITY CO2 (kg/m3)
Contour interval = 100 kg/m3

Temperature (C)
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What are subsurface prospects for storing CO2?

Shale and sandstones

. Shales and marls
i Salt/evaporites

Image courtesy of Angela McDonnell, BEG




Mumber of
Fields

Cumulative Recovery

Conventional CO,
Storage Capacity

Technically
Recoverable Oil

Additional CO,
Storage Capacity**

from CO,-EOR

An average point
source can be 1-10
million tons/year
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Current CO, — EOR Infrastructure




Underground Natural Gas Storage:
Facilities and Transportation Grid
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Legend
— = Interstate Pipeline
= Intrastate Pipeline

¢ = Salt-Cavern Storage ’* '
* = Depleted-reservoir and Aquifer Storage

EIA, Office of Oil and Gas



Oil and Natural Gas Production in the United States
3 (Derived from Mast, et al, 1998)
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Figure 4.9. Does EOR change your opinion of CCS in Texas? (Q10)




Industrial CO2 sources and olil fields with EOR potential

) significant oil field

‘ Industrial CO2 Source



EOR with CO2 can serve as an economic driver in establishing the infrastructure for
long-term, larger-volume storage in underlying brine formations.

GCCC Minimal additional $$MMV: €Oz discharge,
$ €CS infrastructure geopysical observations
Storage in brine: EOR economics, well | -
predict footprint, leakage risk, long e o
permanence, fluid and short term €
displacement, trapping in reservoir "
interaction with by dissolution in
faults, ultimate fate |J water and eil and
two phase trapping
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= Areas with Miscible CO, EOR
Potential
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= Miscible CO, EOR resource

potential in the Gulf Coast

By State
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CO, Sequestration capacity in miscible oll
reservoirs along the Gulf Coast

Bureau of Economic Geology
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Gulf S . . - .
|° S Frio Brine Pilot Site
R Two Test Intervals

 Purpose: demonstrate feasibility
and monitoring techniques,
evaluate model predictions

Fresh-water (USDW) zone
protected by surface casing

e Setting: salt dome flank, Frio
sandstone, 5,000 ft depth.

Injection zones:
First experiment
in 2004: Frio “C”

 Scope: 100’s of tons over weeks

 Monitoring: tracers, pressure

Second experiment in SUIE
and temperature, logs, seismic

2006: Frio “Blue”

Oil production




Frio Pilot Injection: Phase Il

-500 Tons

*Tracer studies: 4 PFT's and two

methanated partitioning tracers
(ORNL)

*Geochemical lab (USGS): aqueous
tracers and in-line pH and cond.

*On-site Gas Chromatograph (UT-PE)

+U-Tube (LBNL): water & gas @
reservoir conditions in both wells, on-
site Mass Spectrometer (SF5, Kr, Xe)

Cross-well seismic (LBNL) continuous

‘Hosting CSIRO-AUS deuterated
methane tracer test (Otway)

-Visitors: MIT, Battelle, Taisei Corp
(Japan), China Pet. Corp (Taiwan).










Time-Lapse Changes in Water Saturation(Sw)

CO, migrating up-dip leaving dissolved CO, in water

Injection Well

Time

e

Observation Well

Time




CO, Saturation Observed with Cross-well
Seismic Tomography vs. Modeled
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Traveltime Response to CO2 Injection

Real time detection using continuous source cross-well seismic

. Sensor Depth (m)

£ 0s 1630
v 0.6 1650
E 0.4 ¢ 1658
> 0.2 m 1666
T 0 ¢ 1680
0 0.2

268 269 270 271 272
[From Daley et.al. 2007, in press] Julian Day, 2006



Gulf Coast Stacked Storage Field Test

Phase 2: $4.9M, Observation well & logging campaign
Phase 3: $38M, 2 monitoring wells, multiple injectors, 1 Mt/yr

I|ﬁ|1gfllljlqlll,ulllll"'ll i-|llr|; | -.

. e 1 (]
. ;l_”'. I ’I','.'.'-’!

.

Tuscaloosa Formation:
Cranfield, MS




Geographic Focus of SECARB Phase Ill Program
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Cranfield Program Overview
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State of the art reservoir characterlzatlon and modellng approach
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SWCARB Regional Partnership
+ SACROC

e Impact of 35 years of COZ2 injection on
USDW?

e 140 Mt Injected
e 60 Mt recovered

Railroad Commission of Texas Database Wells

KINDER;’MORGAN T

g ot Ll o
s R




f

emission gasi

e 275-MW, near-zero-

Gasifier

"
-

BEG (2006)

B

Vi
L1
i ...F."_.._

A\

PR et

Rt

T B R
h AL .w_q,._.._u_.._—_..w. LA
TEEIRARERA AR A THER AR AT
AL A

er

5 3

Y c =

© = (%)

a0 <) S

T > a = W

S O O o S Q

g =£a _ O g .0 Q

| o (=] o L

3 E9 £ 3 8af & =

0 tC o — 0 Cn-I g Vg

73 5 5 ) romm O .W
K] -— o )\l OrMIu (o)

Q= "= - = <)

3 o = > {rag

L) 9+ £ B 2 s BWQ

0 = A\ - m Wma ¥ o
¥ E o % 8 &
- i (@) Q el ohd
LL o. (O (0] o ()]
° ° ° ° ° °



Key Geoscience Research Areas

* Potential negative impacts S 5,
— Interaction with groundwater T

eeeeeeee

— Brine displacement e

— Leakage: abandoned wells
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e Pressure evolution & sea
—5 o lintegrity

.............. < Multi-phase fluid flow
e
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