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Disclaimer

This presentation is based upon work supported by the Department of
Energy and was prepared as an account of work sponsored by an
agency of the United States Government. Neither the United States
Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability
or responsibility for the accuracy, completeness, or usefulness of any
information, apparatus, product, or process disclosed, or represents
that its use would not infringe privately owned rights. Reference
herein to any specific commercial product, process, or service by
trade name, trademark, manufacturer, or otherwise does not
necessarily constitute or imply its endorsement, recommendations, or
favoring by the United States Government or any agency thereof. The
views and opinions of authors expressed herein do not necessarily
state or reflect those of the United States Government or any agency
thereof.

Optimizing Alabama’s CO, Storage in Shelby County

NATIONAL

T TECHNOLOGY
LABORATORY

JoN

2

| August 2, 2024 | www.adv-res.com

International, Inc.



Optimizing Alabama’s CO, Storage in Shelby County

Location
= The proposed storage complex site is * ~{girmingham
located 30 miles southeast of vl B\ e e
Birmingham, Alabama e e N

ke Jefferson Co.
Hoover_»F

= The complex could provide storage for the
CO, emissions captured from Alabama
Power’'s Plant Gaston and is the site of
the DOE’s National Carbon Capture
Center (NCCC) in Wilsonville, Alabama

OASIS Project Site & Sources|

- The Site COUId also Serve aS a Central C02 @ . O v OAS\S?OISinC(JzP\ume
storage hub for seven large cement plants e

. PlantGaston
. Pulp and Paper Plant
@ Lime and Cement Plants

and a major pulp and paper plant located
In the area
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Optimizing Alabama’s CO, Storage in Shelby County

This Site is Geologically Complicated

= Located in the Alabama fold and thrust
belt

= Relatively flat lying structural panels
between thrust faults may serve as non-
conventional storage complexes

Location

= Cambro-Ordovician carbonates and
Camobrian clastic units offer multiple
potential storage intervals

Stratigraphy

Post-orogenic
{Mesozoic-Cenozoic)

Synorogenic
I:’ (Mississippian-Pennsylvanian)
Pre-orogenic
(Cambrian-Mississippian)

C, Storage complex limits

= Shales, including the tectonically
thickened Floyd-Parkwood, provide

Ll 30 km
containment , s s
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Optimizing Alabama’s CO, Storage in Shelby County

Knowledge-Base

= Vintage (1984) deep well with SP/RES/DEN
logs as well as core/cuttings.

= In early 2022, a wildcat stratigraphic test was
drilled to characterize storage.

— Based on regional structural trends, the
Cambrian-Ordivician (OCk) storage formations
were thought to occur at 5,000-6,000 ft and
overlain by the Floyd Shale/Parkwood
MUSHWAD.

— Directional drilling was used to maintain
verticality, but a 6,500 ft test did not reach the
storage interval. | Plant Gaston

= In November (2022), a multi-2D seismic survey || v Westouer Statgraphic Wel
was collected across the area of interest to = EUF'OSEE" Afcrnml e E\
. estervelt
better site the new test well. B Aebema Powerand Uit | A
MUSHWAD: Malleable Unctuous SHale, Weak-layer Accretion in a Ductile complex — - . = éa
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Project Objectives

Site specific characterization of a CO, storage complex via well drilling, formation
testing, and geologic data collection,

A project risk assessment with mitigation and management plans,
A plan for subsequent detailed site characterization and UIC Class VI permitting,

A project technical and economic feasibility assessment, including conceptual
level design study for CO, transport, and

A robust Community and Stakeholder engagement plan.
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Roles and Responsibilities

. A A

*ENERey BOARD” A Resources <&
SSEB ARI AL ARMU AU
* Project * Field Program « Community » Subsurface data

Management « Class VI Benefits evaluation
« Community Readiness « Workforce

Benefits « Community Development
« Risk Benefits

A

CRESCENTRI —

G = i Wf}%:%glt
CRI OSU SOUTHERN CO WESTERVELT
e Risk  Subsurfacedata < Technical « Sijte Host
« Infrastructure evaluation Assistance
 Commercial * Industry Lead

Plans
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Tasks and Deliverables

!
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Task 2 — Community Benefits Plan

 High-level objectives Project Team < Z

« Community engagement and involvement in long-term decision
making

» Support educational and career opportunities by working with
participating academic institutions

« Training (Baker Hughes’ JewelSuite)

» Networking

« Engage with regional industry interested in decarbonization ; . Gy [0

Benefits, Knowledge Sharing

« Communicate project progress with regulators and other
University Network

stakeholders
e

1y
* Questions around CBP expectations and what lsﬂ

& Mentorship, Recruitment /'

IS reasonable given status of project A
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Task 2 — Community and
Labor Engagement

» Coordinated an open house with Southern
Company and the NCCC on November 3,
2023

e QOver 30 individuals in attendance

« Designed to provide students and industry
with an overview of the carbon capture and
storage value chain

e |Included well site visit

 April 19, 2024, open house with students
from Alabama A&M at NCCC

« Critical activity for educating stakeholders
and establishing next generation workforce

Below: screen shot of participants in the
Alabama Mineralogical society virtual trip.
Above: photograph of participants in the
November 3, 2023, open house.

Optimizing Alabama'’s CO, Storage in Shelby County

Above: photograph of participants in the April

18, 2024, open house. 2
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Optimizing Alabama’s CO, Storage in Shelby County

Investing in Job Quality and A Skilled Workforce

= Building capacities in subsurface image processing Baker 3 A

and working with industry standard software HU hes

"ney hnlp lllll

— Partnering with Baker Hughes and Alabama A&M
University to train students in utilizing software

5 1
———

— Student outcomes to be reported

= Alabama A&M has created 10 paid internships
focusing on small geophysics related research

= Create student engagement opportunities with
participating industry partners

= Students gave presentations as part of the April 19,
2024, open house at the NCCC
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Task 3 — Site Specific Characterization and Assessment of the
CO, Storage Complex

Drilling Lessons Learned from Westover #1

= | ocation, Location, Location

— Selected a new site based on 2D seismic stratigraphy.
Minimized the thickness of Floyd-Parkwood Shale -
*‘MUSHWAD? to drill through

— Repeat section (double the “pay”, double the chert)

= Wellbore Stability is Key in Valley and Ridge

— Increased Mud Weight to control formation

. . . L . s g £
— Utilized directional drilling tools to maintain vertical Fourlnile Creek

Anticlinorium

wellbore and reduce tortuosity i -

A
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Drilling Westover #2

= The optimized site selection

reduced drilling time

v Westover #1 achieved
6,500ft in 29 days

v Westover #2 achieved
6,725 ft in 25 days

= However, lower than
expected avg ROP
precluded depth target
(~10,000ft)

= Repeat section helped us
see “all” the intervals

w
.
]
=]

True Vertical Depth (feet)
g
&
=

5000

000

coo |equipment,
prepare to spud

1 2 3 45 & 7 & 9 10 11 12 13 14 15 16

S ]
Drilling Depth vs. Time Curve

MNumber of Rig Days
17 18 19 20 21 22 23 24 25 26 27 28 25 30 31 32 33 34 35 36 37 38 39 40 41 42 43 44 45 46 47 48

Mobilize rig, rig
up all third party

Spud, drill I
14 3/4"

surface
hole

Run triple-
combo log.
Run 10 3/4"
casing.
Cement to
surface,
cement bond
log, and
BOP/FIT
tests

Average ROP = 18.2 ft/hr
Average WOB = ~25 klbs

-Bit Trip #1

Drill 8 3/4" open-
hole to first whole
core point at 3200

Bit Trip #2 NETL researcher evaluated drilling performance using
Y 4 DRilling parameter OPtimization Software (DROPS)

Bit Trip #3

i 4

Whole core
point (3200')

Bit Trip #4

4

Bit Trip #5
: Wireline | Plug and
Logging | Abandon

Rig down,
demobilize all
equipment

Bit Trip #6

4

‘Total depth of 6725 reached
11/2/2023. Plug and

abandon well to surface.
= Actual Depth

JoN
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Optimizing Alabama’s CO, Storage in Shelby County

Plugging and Abandonment

= Wellbore fully cemented from TD to
surface on 12-19-23

= Both Westover sites reclaimed to site
host (Westervelt) satisfaction

APl Number: NF/A. COUNTY: Shelby STATE: AL LOCATION: 33° 17" 35.377" -86° 29’ 32.579"

LEASE NAME: NJ/A'  WELL NAME: Westover Strat Test#2 GROUND ELEVATION: 506° BGS  DATE SPUD: 10/10/2023
0
: Lift 12

DEPTH (feet)

1,000

1,500

2,000

2,500

3,000

3,500

4,000

4,500

5,000

5,500

6,000

6,500

7,000

RENEN

Floyd Shale
(Mushwad)

Lenoir

prberen bttt beree e

Knox Group
Carbonates
Limestone
and
Dolomite

Lift 11 :
50:50 Type 1§

Bit size: 24 inches
Conductor Casing: 0 - 73 feet, 16 inches, 64 Ib/ft (Welded)

Lift 10
50:50 Type 1

Lift 9
50:50 Type 1

Lift 8
50:50 Type 1

Lift 7
50:50 Type 1

[

Mushwad

Lift 6
50:50 Type 1

Lenoir

b berre e b b

Knox Group
Carbonates
Limestone
and
Dolomite
Repeat

Lift 5
50:50 Type 1

Lift 4
50:50 Type 1

Lift 3
50:50 Type 1

Lift 2
50:50 Type 1

Lift 1
50:50 Type 1

Bit size: 14 3/4 inches

~—— Surface Casing: 0 - 1,005 feet, 10 3/4 inches (J-55), 40.5 It

50:50 Poz Standard Type 1 Cement used on all plugs.

Hole Size: 8 3/4 inches
Total Depth: 6,725 feet

Plugged and Abandoned
November 7th, 2023

JoN
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Optimizing Alabama’s CO, Storage in Shelby County

Task 4 — Geologic Data Analysis

ADVANCED RESOURCES INTERNATIONAL INC

Data Gathered From Westover #2 P D

* Open Hole Logging: Shelby, Alabama

Sample & 2.R
Depth: 6,605.00"

Calcite filled fractures

* 94 —-6,725 ft
« “Triple Combo” (GR, Neutron Density, Resistivity)
* 1,004 — 6,725 ft

» Dipole Sonic — mechanical properties

* NMR - Fluid saturations, formation porosity, pore size

« FMI - 3D Wellbore Image, fractures, bedding, formation dips
+ Rotary Sidewall Coring:

* 39 plugs recovered between 3,452 — 6,610 ft

« 30 plugs sufficient size and integrity to be analyzed
* Avg. porosity and permeability were 5.0% and <1.0 mD.
« 17 feet of Whole Core
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Oklahoma State University

Seismic profile
Northwest  , Westoverstat#l | .  Westoverstat#2 ., Southeast | ook for a poster covering % 7
: this ongoing work later today

h
ft

i

g

1‘

~303 Ma Graben inversion, triangle zone formation

e

f
484

[

Structural
model

e —
e
7

s

Structural restoration of the Westover thrust fault ramp and fold architecture

JoN
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Oklahoma State University

Geophysical logs Structural analysis FMI images
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Dr. Bill Thomas Memorial Session. In Review
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GE®

SCIENCES
e

» Updates:

o Received thin sections

o Submission of abstracts to GSA

o Initial petrographic analysis

*» Findings:

o Composition is largely consistent,
featuring crystalline carbonate with high
degree of fracturing B e o : ; el

= Fractures are mostly infilled with e il ) Pl i e e
precipitate materials (carbonate &  EEENE i sty i - AT : SWC6-3,41tn Gup)
chert) ' W SEV 2 B RN Vuggy Porosity

o Carbonate mud makes up most of non- : Y s
crystalline material '

= Upcoming:
o GSA poster presentations (September)
o Methods to be done:
= X-ray diffraction
= Scanning Electron Microscope
= Cathodoluminescence

SWC 11-5,577ft (Knox Group) SWC 14-5,500ft (Knox up&
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Geologic Modelling

Vincent

WESTOVER STRAT TEST #1}

£
~

_/'WESTOVER STRAT TEST #2
2 e’

JWestover ¥ * ARCO/ANSCHUTZ #1 A ¢
& N

r-‘ - n »
' k¢
& J r...ﬂ) o
; *

l Yellowle 4 b, 4
r.::reelL% %‘_ d QCk —‘.E&:QQQ,’er

i — o ()
A Losfutz (P £ "Gorl2,00
% OCk — 3000 o

Based on the logs from Westover #2, the Copper
Ridge member of the Knox Group is being
modelled as a fractured reservoir for CCS. Seismic
interpretation allows for extrapolation of the area (in
progress — although initial results show strong
sensitivity to max injection pressure). A
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Next Steps for Project OASIS

Finalize refinement of the reservoir injection potential,
Refine assumptions around injectivity (partner with DOE?),

Use the reservoir models to inform project commercial bounds and
infrastructure scenarios,

Integrate the results of this work into the project risk assessment, and

Continue to work with University partners on student engagement and
project activities.
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Questions?

Photograph of the OASIS well site after reclamation and the well head fully plugged prior to burial

JoN
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OASIS Team

FPM: Johnathan Moore
CS: Caitlin Lecker
CO: Susan Miltenberger

U.S. Department of Energy (DOE)

National Energy Technology Laboratory (NETL)

Southern States Energy Board (SSEB)

Lead PI: Kenneth Nemeth

Co-Pl/Contact Pl/Project Coordinator: Kimberly Sams-Gray
Co-Pl/Contact P/ Project Coordinator: Ben Wemette, Ph.D.
Key Team Member: Patricia Berry, Nicholas Kaylor, Ph.D.

Tasks 1,2.6, 7, 8

Optimizing Alabama'’s CO, Storage in Shelby County

Industry Network
Alabama Power Company
Southern Company

Shelby County Cement Manufacturers

Advanced Auburn Alabama Crescent Oklahoma
Resources University A&M Resource State
International, (AU) University Innovation University
Inc. Lead PI- (AAMU) (CRI) (OSU)
(ARI) David King, Ph.D. Lead PI: Lead PI: Lead PI:
Lead PI: Co-PI: Phil Bording, Ph.D. Gerald Hill, Ph.D. Jack Pashin, Ph.D.
George Koperna Ashraf Uddin, Ph.D. Task 2 Co-PI: Task 4
Co-PI: Task 4 Brian Hill
Dave Riestenberg Tasks 1,5,6,7,8
Tasks 2, 3,4, 5, 6,
7,8
Task 3 Vendors
Baker Hughes

Loudon Technical Services

JoN
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