











Rangely injection wells

In Salah, Algeria, BP CO, storage project
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Relevance of Geological Carbon Storage Capacity Assessments to Area of Review Studies
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CO, storage growth into saline aquifer, “fill to spill”

Mass of CO,to
replace cum.
production:

147 MT

Mass of CO,
displacing form.
WEILETE

(“saline formation”)
to spill point:

270 MT

“Total” CO,

storage in
Rangely structure

417 MT
EUSGS

Conclusions

Storage projects will be large, and will
affect relatively large areas

There are abundant natural and
anthropogenic analogs for geological
storage of CO,

Geologic and chemical evidence has
shown that geologic storage can be stable
over millions of years
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“Storage growth” linkage between oil and
gas reservoirs and saline formations:

Increasing
Storage volume

. CO, for EOR: ~ 15% of KR

¢ Cumulative production + reserves
(100 %" of KR or 20 - 40% of
OOQIP)
Fill to spill point or seal capacity
(max. CO, column)
Overfill of traps and “spill” into
water-leg or saline formation

Structure contours on Weber SS
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Reservoir pore volume calculation

Potential storage growth in Weber SS fields
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CO, Storage potential in the Weber
SS, Rangely Field, CO

Ultimate recoverable oil volume: 939 MMBO (149 x 106

m3)

OOIP: ~1580 to 1800 MMBO (water saturation ~ 27 %)

Current mass of injected CO,: 25 MT

Density of CO, at reservoir conditions (71°C, 210 b): 672

kg/m3
Therefore: CO, occupies ~ 233 MMBOe (37 x 10 m3)
pore space

Furthermore: if CO, replaces all of the OOIP then about
125 -150 MT storage, larger volumes require “growth”
into the water-leg (saline aquifer) of the Weber SS.

Relevance of Geological Carbon Storage Capacity Assessments to Area of Review Studies



The Mississippi Test Site

Perspectives from the Field

PERMITTING THE SECARB
MISSISSIPPI TEST SITE

]
Prepared for:
EPA Geologic Sequestration Technical
Workshop:
Geological Considerations and Area of Review
Studies

Prepared by:
George J. Koperna

Advanced Resources International, Inc.
gkoperna@adv-res.com

July 10 and 11, 2007
Grand Hyatt, Washington, DC
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The Mississippi Test Site
Introduction to the Test Site

Mississippi Saline Reservoir CO2 Injection Project

ower Plant

» Purpose: Locate and test suitable geological
sequestration sites in proximity to large coal-fired
power plants in Southeast U.S.

* Initial Target: Deep saline reservoirs along MS
Gulf Coast with high potential CO2 storage
capacity

» Objectives:

— Build geological and reservoir maps for test site

— Conduct reservoir simulations to estimate injectivity,
storage capacity, and long-term fate of injected
CO2

— Address state/local regulatory and permitting issues
— Foster public education and outreach

Victor J. Dani

Caprock
< — Drill one injection and one observation well
CO; CO, — Inject 3,000 tons of CO2
— Conduct longer-term monitoring
T Er2 A
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The Mississippi Test Site

Regional Cross Sections

A total of 24 wells - -
20 oil & gas plus 4 Class A
Il wells - - provided the
essential deep
subsurface information
for the Mississippi Gulf E
Coast area.

The nearest deep
wells are about 5 to 10
miles away, limiting
available geologic
information for the plant

area.
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The Mississippi Test Site
Southern Mississippi Hydrogeology
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The Mississippi Test Site

Permitting Efforts

* NEPA — Environmental compliance questionnaire.
Submitted to US DOE prior to field activities.

 Drilling Permit — Allows penetration of the subsurface to
access injection zone. Issued from MS Oil and Gas
Board (MOGB).

» Underground Injection Control (UIC) Permit — Allows
underground injection of CO,. Issued by the MS
Department of Environmental Quality (MDEQ).

» Financial Assurance Report — Supplied to MOGB to
show financial ability of lease owner to properly abandon
the test wells.

S =PRI A

The Mississippi Test Site

NEPA Status

* Environmental questionnaire was prepared and
submitted to US DOE on August 31,2006.

» A Categorical Exclusion for the project was granted on
September 28, 2006:

— No violation of applicable environmental safety and health
requirements.

— No adverse effects to environmentally sensitive areas.

R— =PRI A
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The Mississippi Test Site

Drilling Permit and
Financial Assurance Status

9

» Conducted well site survey in 2006 for planned injection
and observation wells.

» Plan to submit drilling permit and financial assurance for
the injection and observation wells to MOGB in July or
August 2007.

— Filing subject to six month expiration date

* Well drilling activity expected to begin in September or
October of 2007.

— Approximately two month total duration to complete both wells

=PRI A

The Mississippi Test Site

Public Outreach

10

Press release issued early
November 2006 announcing project
and notifying of public meeting.

Prior meeting held with local
newspapers resulting in two
newspaper articles.

Informal open house held in Moss
Point, MS on November 9, 2006.

No formal statements made by MS
Power Company during the event.

Technical project leads manned
informational posters describing the
project.

20+ attendees from local area

=PRI A
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The Mississippi Test Site

MDEQ UIC Process

» Initial Draft Submission in
January 2007

*  Final Permit Submission
in May 2007

e« MDEQ preparing public
notice (30 days)

e Hearing to be held
August 16, 2007

*  Permitting timeline is 15
days following meeting

D =PRI A

The Mississippi Test Site

UIC Permit Application Sections

Administrative Information
Geology

Reservoir Modeling

Area of Review

Well Construction
¢ Injection Well
. Observation Well

6. Monitoring, Measurement, and Verification

a bk wnNPE
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The Mississippi Test Site

1. ADMINSTRATIVE INFORMATION

11
1.2

13
14

15
1.6

1.7

WELL DATA — PROPOSED INJECTION WELL NO. 1

WELL DATA — PROPOSED OBSERVATION WELL NO. 1

Area

SITE BACKGROUND
GENERAL IDENTIFICATION DATA
REGULATORY CLASSIFICATION
PROPOSED

PERMIT APPROVAL
CONDITIONS

QUALITY

ASSURANCE/

QUALITY

CONTROL

Mississippi Power Company’s
Victor J. Daniel Power Plant Location

13 JAF02664.PPT

Well Site =
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The Mississippi Test Site

2. GEOLOGY
2.1 INTRODUCTION
2.2 REGIONAL GEOLOGY U N 1 P00
2.3 LOCAL GEOLOGY
24 GEOCHEMISTRY
25 HYDROLOGY [ o
e |
2.6 MINERAL o \
RESOURCES T A
Daniel
2.7 SUMMARY —

1
1

N Mississippi Subsurface Structure

3
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Base of EPA Underground Source of Drinking Water
Protected Water (<10,000 mg/l) Below Jackson County
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3. RESERVOIR MODELING

The Mississippi Test Site

3.1 RESERVOIR MODELING OF THE INJECTION ZONE

3.2 MODEL DESCRIPTION

3.3 INJECTION ZONE STRATIGRAPHY AND LITHOLOGY

3.4 MODEL INPUTS

(a)

Gas_Saturation (b)
35 CO2 TRAPPING 20 Days ..

MECHANISMS b) 30 02ys
36 GEOPHYSICAL o 10 vears Y
SIMULATION o )
RESULTS S
3.7 LONG-TERM FATE Shaes ¢
OF INJECTED CO2 N &
3.8 MODELING
SUMMARY “awile
Reservoir Modeling CO, Injection/Plume
(vertical view)
15 JAF02664.PPT EPEI A

4. AREA OF REVIEW

The Mississippi Test Site

4.1 INTRODUCTION

4.2 SHALLOW WATER
WELLS

4.3 OIL AND GAS WELLS
4.4 SUMMARY

Location of Oil and Gas Wells Surrounding the Area of Review

16  JAF02664.PPT

Depth and Location of Surrounding Water Wells in the
Area of Review

ErRl A
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5. WELL CONSTRUCTION

The Mississippi Test Site

51
5.2
5.3
5.4
5.5
5.6
5.7
5.8
59
5.10

17  JAF02664.PPT

BACKGROUND
DRILLING AND CASING PROGRAM
DRILLING FLUIDS

CORING

PRESSURE TRANSIENT TESTING

COMPLETION PROGRAM

LOGGING AND TESTING PROGRAM
PROGNOSIS

INJECTION OPERATIONS

WELL CLOSURE AND POST-CLOSURE CARE PLANS

ErrR A

5. WELL CONSTRUCTION (Cont.)

The Mississippi Test Site

COMPLETION DETAIL

ipe set at ~100 feet

2-7/8" Injection Tubing @ 8,500'; 6.5
Ib/ft J-55 EUE 8rd,

Annular Fluid: 8.4 Ib/gal inhibited fresh

2
3
a
5.
6.
7
8.
9.
1

WELLHEAD ASSEMBLY DETAIL

1

. Flow Tee

0. 2-7/8" Injection Tubing

Pressure Gauge
Full-Opening Gate Valve

Adapter Flange
5-1/2", 5,000 psi Tubing Spool
13-3/8", 3,000 psi Casing Heat

9-5/8" O.D. Su
5-1/2" O.D. Protection Casing

Note: The observation well design s the
‘same without tubing

Proposed Injection No. 1 Well Completion Schematic

18  JAF02664.PPT

Proposed Injection Well No 1 Wellhead Schematic
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The Mississippi Test Site

Further Reservoir Characterization

The drilling of the observation and
,_8‘ injection wells will allow for local data
JJ \\L collection that will be used for geologic
characterization and subsequent
reservoir modeling input data.

Key Data:

+ Taking core from the caprock (seal) and
proposed storage formation

m - Permeability , porosity and lithology
+  Wireline geophysical logging

- Depth, thickness and porosity

Saline ) . .
NERIGIAZS * Pressure transient testing
- Permeability and completion efficiency
+  Stress testing
- Fracture gradient and injectivity
19 JAF02664.PPT EPEI A

The Mississippi Test Site

6. MONITORING, MEASUREMENT, AND VERIFICATION

6.1 INTRODUCTION
6.2 ASSURING WELL-INTEGRITY
6.3 MONITORING RESERVOIR PRESSURE

6.4 MONITORING CO2 SaGasontorng o (3) (@ pemanentpressue
€O, Around Wellbore Gauges for CO, in Wellbore
PLUME MOVEMENT
6.5 MONITOR FOR CO2
@ Ultra Sonic Borehole Imager Log for
LEAKAG E Areal Cement Integrity
6.6 ADDITIONAL ~® P Ao g €021
RESERVOIR
TOO LS saline i <_® Pressure Gauge
Reservoir
General Measurement, Monitoring, and Verification Protocols to
be Employed at the Mississippi Saline Reservoir Test Site
S Er2 A

Perspectives from the field
PERMITTING THE SECARB MISSISSIPPI TEST SITE




The Mississippi Test Site

Project Schedule

21

Drill/Equip Injection Well
Operations and MMV
Geologic/Reservoir Model

2005 2006 2007 2008 2009
Task 1. PROJECT DEFINITION I_|I_I_I
Task 2. PROJECT DESIGN h LI | —
« Test Site Plan mEm =
» Establish MMV Protocols TR
* Regulatory/Permitting || IAI b
* CO, Supply Selection - m om .
Task 3. IMPLEMENTATION | —
* Observation Well Plan —
* MMV Baseline —
« Drill/Test Observation Well -
Task 4. OPERATIONS [ - ]
Injection Well Site Plan —
|

Task 5.

CLOSE /REPORT

AKey Milestones

JAF02664.PPT
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Backup

The Mississippi Test Site
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The Mississippi Test Site

Location: Mississippi Power Company’s

Victor J. Daniel Power Plant

Well Site Area

§ (Tt )
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--mnul‘-‘ H Tl
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@ Soil-Gas

Monitoring for
CO, Around
Wellbore

— Permanent

@ @ Pressure

; Gauges for CO,
in Wellbore

The Mississippi Test Site

Well Integrity and
Pressure Monitoring

|

Saline
Reservoir

Ultra Sonic
— @ Borehole Imager
Log for Areal
Cement Integrity

Pulsed Neutron
<_G—D Log to Detect CO,
in Formations

Above the Seal

Down hole
@ Pressure

Gauge

24 JAF02664.PPT

The project will include a series of MMV
activities to assure well integrity:

To assure well integrity at the surface,
we will: (1) install a pressure gauge on
the wellhead to measure sustained
casing pressure (CO, leakage in the
well); (2) conduct continuous monitoring
of annular and down hole pressure;
and, (3) conduct near-surface soil gas

measurements.

To assure downhole well integrity, we
will: (4) use an Ultra Sonic Borehole
Imager (advanced version of the
Cement Bond Log) both after
cementing and after CO, injection; and,
(5) run a series of RST Logs to detect
CO, above the reservoir seal.

ErRl A
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The Mississippi Test Site

CO, Plume Monitoring

To monitor the flow and
storage of CO, in the saline
reservoir, we will use well logs,
seismic and other tools:

» For monitoring the areal profile of
the CO, plume, we will use time-
lapse Vertical Seismic Profiles
(VSP) before CO, injection and
about 1 month after CO, injection.

For monitoring the vertical profile
of the CO, plume, we will use: (1)
a time lapse series of RST
(Reservoir Saturation Tool) logs (in
both wells) and (2) also use time-
lapse VSP.

Injection
Well

Observation
Well

8,000

8,500

ok
‘\d
<00 ®

CO, Plume

Yellow Area = deviation from the baseline log caused by
CO, displacement of brine

Source: Frio Brine Test, 2004

Depth (ft)

9,000 CO, Plume

25  JAF02664.PPT
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The Mississippi Test Site

Near-Surface Monitoring

@ CO, Isotope

To detect any CO,

(1) racer Tube _TestWell seepage from the well,
(Soil Gas) (Soil Gas)
through the seal or other
1 L | leakage points, we will use
- S o
||I !@lm near-surface monitoring to
establish a baseline and to
Ringdown detect variations from this
Spectrometer baseline using:
(CO, Isotopes)
361 * Soil flux
« Tracer injection
Carbon .
Absorbent /[] v Isotopic signature
Packet (Gas « Shallow groundwater
sample)

26  JAF02664.PPT
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SECARB’s Coal Seam Sequestration Projects



e Alabama OGB
e Virginia DMME

SECARB'’s Coal Seam Sequestration Projects




SECARB'’s Coal Seam Sequestration Projects




Phase Il Study Areas

SECARB’s Coal Seam Sequestration Projects




Phase Il Study Areas
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SECARB'’s Coal Seam Sequestration Projects




Completed
In Progress
In Progress
In Progress
Fall 2007
Begins Winter *08
2009

SECARB’s Coal Seam Sequestration Projects




WESTCARB

Field Siting Experiences 101

Rob Trautz! and Larry Myer*2

1Lawrence Berkeley National Laboratory
Berkeley, California 94720, rctrautz@Ibl.gov

2California Energy Commission, Sacramento, California

Washington, DC
July 10-11, 2007

Rosetta Resources CO2 Storage Project
Arizona Utilities CO2 Storage Pilot
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Site Selection Process

= Developed detailed site
selection criteria:

— Public Safety
— Scientific
— Logistics
® Prioritized and ranked
criteria
= Reviewed site data

= Ranked sites based on
criteria

® Selected Thornton Gas
Field out of 9 sites

Thornton Gas Field
Geologic Attributes ...

Stacked reservoir with multiple
seals

Thin depleted gas reservoir
Well defined anticline structure

Existing wells and field have been
abandoned

Located in the Central Valley
where earthquake activity is
relatively low.

Representative of numerous gas
fields in CA (1.8 Gt CO, capacity)

Thornton Geologic Model (courtesy
Jeff Wagoner and Julio Freidmann,

LLNL)
O
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Thornton Gas Field
Site Negotiations — Private Property

= Rural setting

= Site is already
cultivated

= One surface and
one mineral right
owner

= Reservoir is not
unitized

California Department of Water Resources
Grizzly Slough Property

® Same rural setting
® Same cultivation

® One surface and one
mineral right owner

® Same reservoir

= State Agency aligned
with Governor’s
Position on Climate
Change

WESTCARB Field Siting Experiences 101



The Best-laid Plans of Mice and Men
Often Go Awry

Legalese of CO, Sequestration

“Wise and useful advice abour a vital bar
usually undermanaged purt of usioess ™
—ROBERT TOWNSEND, lip1at Degtelpation

. ® Lease agreements

Access agreements
Wlth = CO, sequestration
ts
L awye ]/‘5 agreemen

= |ndemnification

>
=~
S
o=

E=E vy L oy

How to Take Charge = QOperational and
long-term liability

Towa Y

= Minimizing risk

“Wise and useful advise about a vital but usually undermanaged part of business”

% o
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UIC Permitting Process
Daunting or Slam Dunk?

® USEPA has
streamlined the
permitting process for
the partnerships

= AOR can be modeled
using existing tools

® Monitoring, Mitigation
and Validation (MMV)
methods and tools
exist

Many Issues Remain Before Deployment...

A skeptic public

Regulation of CO, is the
catalyst!
Who owns the pore space?

— Surface owner, mineral owner
or state

— How will property owners be

A
compensated for loss or use? Q
&

Long-term liability and viability
of owners/operators

Long-term monitoring and land
use changes

When is an AOR an AOR?
Flexibility is the key!

WESTCARB Field Siting Experiences 101




