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Southwest Partnership Objectives

sD

~
JREE \

Figure compliments
of Rick Allis, UGS

EXPLANATION

Annual mass of CO3
emissions from power plants,
in million tons per year (Mtfy)

<3 36 68 9N 11-14

Major sedimentary basin
— COy pipeline {flow in million tons per yvear)

COz production (same key as emissions)

—_—
100 miles

SOUTHWEST

PARTNERSHIP

REGION

)
—_— _"\___——ﬂ_\l

3

Phase | - Characterization:
e Characterize SW region
carbon sources and sinks

» Identify the best options by
linking carbon sources to
carbon sinks

Phase Il - Validation:

« Demonstrate these options
with medium-scale field
tests

Phase Ill - Deployment:

 Deploy commercial-scale
sequestration
demonstration



SWP Phase Il - Phase Ill Integration

* Deep Saline / Stacked System Sequestration
* EOR + Sequestration
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* ECBM + Sequestration

Inteqrated Goals:

Based on common themes in the
results and “lessons learned”:

(1) Develop a “template” or “blueprint”
for future commercial-scale
sequestration.

(2) Evaluate “portability” or
transferability of results, from
formation-to-formation or site-to-site.
This includes monitoring, risk
assessment, and mitigation planning.
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* Phase |I-Phase Il Integration

« Summary of Phase Ill Project
 location
* Site characterization
* injection plans
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Prlce Utah 1000 OOO tons/year
Deep brlne tacked systesequestratlonr
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Phase IlIl Farnham Dome 9
Site Characterization

= Farnham Dome Data

— Farnham Dome producing food-grade CO, for greater than 80
years

— >20 wells on and in vicinity yield formation depth and thickness
— Available well logs being digitized to database

= Farnham Dome Reservolirs of Interest

— 2 target formations identified: Wingate and White Rim Ss
— Both aquifers are capped by low permeability formations

— Both aquifers are further topped by the Navajo sandstone (CO,
source) and its seal, the Carmel formation
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Phase |lIl Regional Characterization

Hydrogeologic unit

System
Era and Stratigraphic unit
Series
Quaternary Unnamed alluvium
Mi Park F Local aquifers
Oligocene Bishop G I ate
=2
g E Bridger Formation Confining unit
s |t Laney Member Laney aquifer
S =g Green
o River | Wilkins Peak Member
Formation | TiPton Shale Member Confining unit
Lyman Member
Wasatch Formation F'::l'l.lulh-
- P P nion
Paleocene Fort Union Formation Saline aquifer aquifer
Mesaverde Group Saline aquifer ; -"“”“;"”*
Baxter Shale
Frontier F i Confining
o
Mancos an d Mowry Shales Contfining unit
Bear River Muddy Sandstone
Thermopolis Shale
% Dakota S ist Saline aquifer
§ . . Confining shale
Morrison Formation - -
= Saline aquifer
el Curtis-Stump Formations Confining shales
Entrada Sandstone | Saline aquifer
Gypsum Spring Formation | Confining unit
¥~ | Navajo-Nugget Sandstones Salin juif
Triassic Chugwater Formation
_Dinwoody Formation Confining unit
Permial
T y Iqu‘l“l‘er “Pen -.' ;:"1 Nl
Pennsylvanian Saline aquifer
Amsden Formation Confining unit
. Saline aquifer
o
s Madi Mississippian Carbonat
g Li | rock aquiter
& | Devonian Darby Formati unit
Siluri
0 Bighorn Dolomite Local aquifer
in L
Cambrian Gros Ventre unit

Local aquifer

Precambrian

Precambrian confining
unit

This stratigraphy is
representative of the entire
Southwest region, and
surrounding areas.

A critical point: this
“stacked system” of
alternating reservoirs and
seals is present throughout
the region!



Phase |l Site Characterization

Depth
(ft)

Alluvium

2030

3617

3915

4877
5072

Permian

Jurassic

Triassic

Pennsylvanian

Focusing in on the deep strata:

Our target geological
sequestration
formations are Jurassic
and older formations.
The proposed units of
Interest for Phase llI
deployment testing are
the Navajo, Wingate,
and White Rim.

Kayenta Ss (low permeability)

Wingate Ss

Chinle Fm

Moenkopi Fm

Park City/Kaibab Fm

White Rim Ss

Elephant Canyon
and Halgaito Fms

Honaker Trail Fm

Paradox Fm




Phase |l Site Characterization

l) Depth
\'\__ L (ft) Alluvium

N i Price. Utah -~ ~ / A Brushy Basin Mbr
nd Salt Wash Mbr

» : | 2000
(~12'miles) 2000 Tidwell Mbr

T14SR11E 3000 o 3000 : _ Summerville Fm
A [ A 4000 Entrada 5s

Carmel Ss

Jurassi

TI5SR11E . - - -
Farnham Dome o 4000 i :m@ 6000 2787
CO, in place ' |
Exceeds 50 Mtons
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Farnham Ddme T

o
A 4877
O ( 5072

Map !
Area

Cedar Mesa 5s

A Y
Permian

Elephant Canyon
and Halgaito Fms

O Existing gas wells

Honaker Trail Fm

Depth, thickness (in feet) to

[ ET]
(%

Pennsylvanian

[} Kayenta
[0 Wingate u 6000 Paradox Fm
. Kaibab (Park City) \;/
[ White Rim (Coconino)
el

< Proposed injection

location

1 Mile

Note: this broject also provides unprecedent“emd E)p'p'ortunity
for very detailed study of a natural analogue.



Construction & Drilling

» Up to 6 production
wells

« Up to 6 monitoring
wells

1 injection well

 Stacked injection

(multiple completion)

« CO, compression
facility

 Pipeline

e Electrical
substation

* Improved roads/
trails

« GPS/Seismometer
stations
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@ Wells from Morgan (2007)
O Other Wells (Closed)

@ Production Wells

@ Monitoring Wells

‘* Injection Well

A Compression Plant

=== Produced CO, pipeline
== Compressed CO_ pipeline

Land Ownership

D Bureau of Land Management
[:I Private
I:l State Trust Land

T14S R12E

State Trust Mineral Rights

|:I All Mineral Rights IL
D Partial Mineral Rights F‘

AP 43-007-1 SFIS

Farnham Dome

Monitoringi 1
APl 43-007-30818 (EDP)

$AP|43-00?- 116 AP 43-007115395
O @I @ @ MoRlitaring #2 . Monitdring #3 O
- 1 APL43-007-1 0816 @ ke |
Prod. #3
Prod. #6 ~ Prod. #4
AP 43-007-30036 e
@] /
L
LY

AP143-007-15394

ijection

We”R -4 New Compression Facility
J Jl-m{! it & A,

Existing
Electrical Q@

TI5S R12E

Substation
Prod. #1 Prod. #5\ -
AP1 43-007-30061 O
@ Morgtoring
Manitoring #4
@ .
Maonitaring #6
1 Mile |
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Construction & Drilling

Schematic of injection well design 9"‘@”

Alluvium
Brushy Basin Mbr

* Note relative locations of candidate :
sequestration targets and seals Steel Casing

] Salt Wash Mbr
: g _ Tidwell Mbr
 a “stacked system” of reservoirs/seals Cement ; %] ETLESSHEM
present throughout the SW region 1 ; =2 e
» We are engineering a “dual-injection” i 2 N
zone to maximize capacity and )|
mitigation plans or Cing 5w ) |y conning unie | Kayenta Ss
stacked storage test 8 =2 N0 Wingate SS
= Chinle Fm
» Monitoring technologies will focus on a § ?-
effective imaging of double- and triple- — E .
zones of CO, storage .
\ | Confining Unit /77| & Park City/Kaibab Fm
E=f c—

White Rim SS

E FENT OF
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CO, Production & Injection

e Drilling of injection,
production and monitoring
wells will begin April, 2009
(following NEPA and
permitting)

Injection July, 20009:

« 300,000 tons vyear 1
* 600,000 tons year 2
« 1,000,000 tons year 3
« 1,000,000 tons year 4

=TL

Steel Casing |}
5=
Cement

Botttom of Surface
Casing (13-5/8 in)

—

Injection
Casing (9-5/8 in) —

Cement —H|= || =

Perforations \ =
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Alluvium

Brushy Basin Mbr
Salt Wash Mbr

!

4

|
Jurassic

[4 Confining Unit *' Kayenta Ss

Wingate SS

Candidate 3230
Reservoir

Chinle Fm

Triassic

Moenkopi Fm

| Confining Unit “%’ Park City/Kaibab Fm

Candidate
Reservoir

Permian
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Land Ownership

[ surcau of Lana M
[ private
[:] State Trust Land

State Trust Mineral Rights

D All Mineral R
D Partial Mineral Rights

Baseline Site Model:
Development
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Development

Baseline Site Model

Soutinwest Regional Partnership on Carbon Sequestration
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Baseline Site Model: Results

Single-year Injection of 1M tons

1000
£
v 800
E Sensitivity analysis:
S 600 CO, plume expansion
@, versus time
o
S 400
& With reasonable model parameters
E 200 maximum plume spread = (450 m radius)
g 900 meters in 10 years.

0
0 2 4 6 8 10

Time (Year)
= Additional data anticipated...

— More detailed analysis of existing Farnham Dome wells (UGS)
— Core from target and seal formations

v — High Resolution 3D seismic o
=T SWip
Southwest Regional Partnership on Carbon Sequestration
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Baseline Site Model: Results

10-year Injection of 2M tons/year

5000
£
v 4000
E Sensitivity analysis:
., 3000 CO, plume expansion
@) versus time
O
—
© 2000
o
O
E 1000 2.5 km max spread
O

0
0 2 4 6 8 10

Time (Year)
= Additional data anticipated...
— More detailed analysis of existing Farnham Dome wells (UGS)

— Core from target and seal formations
— High Resolution 3D seismic

N=TL
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Baseline Site Model: Results

Simulation:
mimic the Phase llI
demonstration test injection
schedule

P Red contours = Farnham Dome Structure (Navajo Top)

300,000 tons Year1l

600,000 tons Year 2

1,000,000 tons Year 3

1,000,000 tons Year 4
10 Years total

(6 yr post MMV)

oS
White Rim Plume/’“ / '
Wingate Plume—

We are using simulation
results to guide well
placements.




Basin-Scale Scoping Model:
Future Commercial Sequestration Options
indicates wells
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Farnham Dome

* 40 CO; injection wells penetrating the Green River Fm
* no production wells
» dissolved phase shown here (follows separate phase, for most part)



Basin-Scale Scoping Model:
Future Commercial Sequestration Options
indicates wells
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Farnham Dome

e induced pressure not permitted to exceed 90% of fracture pressure
(in this case, 80% of lithostatic, as measured in a previous study)

e overpressures develop in lower perm marginal lacustrine facies

e overpressures terminate at higher perm open lacustrine facies

* CO, migrates more freely in higher perm open lacustrine facies
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Comparison to Regional Capacity

Calculated CO, capacity

of Farnham Dome target AR |
: igasin| E10F|

units approach those of SBaing IR Denver

much larger basins: | JINIR. “19h ; ' _
Wingate Ss : > 40 MMT £ VAnE Y

White Rim Ss : > 98 MMT R B
*l‘ '..-"I "'.\I 1 e i o

Greater Utah Saline Formation Capacities
(Millions of Metric tons)

Uinta Basin (12,500 sq. km) 62.0
Paradox Basin (3,300 sq. km) 55.7
|| Piceance Basin (8,200 sq. km) 277.1
Farnham Dome (& sg. km) 1.5
Farnham Dome (201 sg.km) 36.5
Farnham Dome (so4 sq. km) 138.0

=TL
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Presentation Outline

e Phase |I-Phase lll Integration

« Summary of Phase lll Project
e location
e site characterization
e Injection plans
* baseline analysis to date

* Monitoring and Mitigation Planning

e SUMmMary
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Roles of Modeling and Monitoring

N=TL

Phase Il

Small- to medium-
scale testing
(validation)
Intra-region
technical options
Risk assessment
Mitigation plans

Phase |l
Larger-scale for
commercial evaluation
(deployment)
Inter-region (national)
technical options
Inter-region (national)
variability that industry
must consider for
commercial deployment
Risk assessment
Mitigation plans

Southwest Regional Partnership on Carbon Sequestration



Farnham Dome Monitoring Plans

(1) Methods for Detecting CO,_In non-Target Reservoirs:
- Groundwater chemistry (non-target reservoirs)
- Surface CO, chamber flux
- Shallow CO, “piezometers” for sub-bio flux
- Remote sensing / LandSat Imaging
- Coupled process reservoir modeling
(2) Methaods for Tracking CO, Migration and Fate
- 2-D and/or 3-D seismic reflection imaging surveys
- Vertical seismic profiles (VSP)
- Crosswell seismic imaging
- Passive seismic monitoring/imaging
- Groundwater chemistry
- In situ pressure, temperature measurements
- In situ bicarbonate detection
- Coupled process reservoir modeling
- Production wells will be used for monitoring




General Mitigation Planning

The basis of ongoing mitigation plans involve:

(1) integration of monitoring technologies at appropriate
scales in reservoir models, for optimized design of
monitoring deployments

(2) integration of unique or site-specific risk elements (e.g.,
FEPS) in reservoir models, for optimized calculation of risk
probabilities

Reservoir models that include (1) and (2) are more adept
at formulating mitigation plans.

=
- » e
NeTL SWD
Southwest Regional Partnership on Carbon Sequestration
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Pressure Reduction for Mitigation

Farnham models are now being used to
forecast optimum array of wells used both for
observation and production, as needed --
Observation/Pressure Reduction wells (OPR
wells).

Reservoir models suggest that immediate
pressure reduction may:

« Stem geomechanical deformation

« Stem and/or close crack/fracture growths

e Shut down “piston-flow” displacement of
brines into unintended reservoirs

» Slow leakage through wellbores

« Slow leakage through faults and even
Induce closure of faults

=TL W
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Presentation Outline

e Phase |I-Phase lll Integration

« Summary of Phase Ill Project
e location
e site characterization
e Injection plans
* baseline analysis to date

e Monitoring and Mitigation Planning

e SuUMmary
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Summary

(1) Deep saline stacked storage demonstration ~
1M tons per year

(2) Goal: Develop a “template” or “blueprint” for
future commercial-scale sequestration.
Integration of Phase Il and Phase Il results
(“lessons learned”) are critical to this goal

(3) Goal: Evaluate “portability” or transferability of

results, from formation-to-formation or site-to-
site.

N=TL
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