McLindon Geosciences, [LC

Fha_

J Professional Lahdmen’s
Association of New Orleans

planoweborg— =

Why South Louisiana Geology is so good for
Carbon Dioxide Sequestration

February 15, 2023



Geological Fundamentals




Geological Fundamentals




Geological Fundamentals

40+

60




Geological Fundamentals




Sources and Sinks

Stationary CO, emissions

Saline aquifer CO, storage capacity

low to high
-
Sources: EPA, NETL



US vs LA — CO2 Emissions Sources

u.s.

Louisiana

m Transportation, 36.5% o Electric Power, 34.0%
@ Industrial, 19.3% B Residential, 5.7%
@ Commercial, 4.5%

m Transportation, 22.3% o Electric Power, 16.9%
B Industrial, 58.9% B Residential, 0.8%
@ Commercial, 1.0%

LSU CES




LA — CO2 Industrial Emissions Sources

® Chemical Manufacturing, 46%

= Petroleum and Coal Products, 42%
m Natural Gas Processing, 6%

O Paper Manufacturing, 3%

® Primary Metal Manufacturing, 2%

= Food, Beverage and Tobacco, 0.4%
= Nonmetallic Minerals, 0.2%

m Wood Products, 0.05%

m Fabricated Metal, 0.02%

LSU CES



LA — Top 10 CO2 Emitters
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DECARBONIZATION AND LOW-CARBON

ANNOUNCEMENTS (2020-2022) J
REDUCED-CARBON MATERIALS

+  Arqg Fuel {St. Charles Parish), lanuary 15, 2021

+  Loulslana Green Fuels Renewable Diesel \
(Caldwell Parish), Apeil 23, 2021 P

S 1

= Chalmette Refining Renewable Diesel (5t. Bemard Parish), June 24, 2031 ‘ ==L}

Delta Bioluel (Iberia Parish), June 28, 2021
= Renewable Energy Group (Ascension Parish}, October 13, 2021 7 ’
«  Diamond Green Diesel Expansion [St. Charles Parish), Octaber 21, 2021
= Origin Materials (Ascension Parish), February 18, 2022
= Arbor Renewable Gas (West Boton Rowge Parish), June 14, 2022
. Grin Fuels (West Baton Rouge Parish), December 2, 2022
ELECTRIC VEHICLE SUPPLY CHAINS

Syrah Technologles Graphite and Active Anode Material Processing
(Concordia Parish), Febrsary 15, 2022

«  Kouwra Lithium Hexafluorephosphate (Iberville Parish), October 18, 2022

HYDROGEN AND AMMORNIA
Grin Fuels Green Hydrogen [West Baton Rouge Parish), Novembar 10, Facility Type
2020
CF Industries Green Ammenia (Ascensien Parish), Apeil 21, 2021 3 Chemical Manufacturing 5,201,108 5,312,449 5,388,579 5,663,578 6,314,632 7,787,715
«  AirProducts Blue Hydrogen (Ascension Parish). October 14, 2021 Petroleum and Coal Products 6,444,414 6,323,991 6,257,201 5,970,862 6,182,582 6,102,386
Petroleum and Coal Products 4,346,027 4,561,286 4,766,415 4,699,447 4,629,084 4,658,391
+  CFindustries Carbon Capture (Ascension Parish)  August 5, 2022 Petroleum and Coal Products 3,961,999 3,498,212 3,529,020 3,440,424 3,887,900 3,982,608
+  CF industries Blue Ammania [Ascension Parish), August 17, 2022 Petroleum and Coal Products 3,934,015 3,918,742 3,924,963 3,949,417 3,778,079 4,014,786
) : _ Chemical Manufacturing 2,069,376 2,794,800 2,881,974 2,789,131 2,837,285 2,857,844
Plug Power and Olin Corp Green Hydrogen Joint Venture (fberville Parish), Petroleum and Coal Products 2,384,289 2,747,273 2,589,605 2,509,828 2,777,647 2,514,636
October 19, 2022 Chemical Manufacturing 2,088,160 3,050,713 2,840,750 2,784,974 2,671,132 2,891,554
NOLA Phillips 66 - Alliance Refinery Petroleum and Coal Products 2,163,263 2,403,978 2,111,565 1,962,580 2,570,326 2,790,463
-com Motiva Enterprises - Convent Refinery Petroleum and Coal Products 2,031,251 1,975,545 2,083,624 2,257,249 2,358,841 2,357,948
35523902 36,586,988 36,373,695 36,027,490 38,007,508 39,958,331 LSU CES

Source: EPA, 2018c.
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Subsurface Injection in Louisiana

Class |

Class Il
Class Il

*Class IV*

Class V

Class VI

Industrial (Hazardous & Non-Hazardous) or
Municipal Waste

Oil and Gas Related (SWD, EOR, Storage)
Solution Mining (Caverns)

Hazardous Waste above or into the USDW
*banned*

Wells not covered under the remaining
classifications

Carbon Sequestration

34

3425
81

1030

0...so far

LADNR
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Mosaic - Class | Wastewater Injection Well
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Mosaic - Class | Wastewater Injection Well
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Diamond — Class |

altwater Injection
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N 0 0 0 [ 0 0 0 N/A
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MAR 529 700 0 [ 12 14 17,887 NA
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CCS Project Life Cycle

Pre-

construction

e Site
characterization
* AOR modeling

* Financial
responsibility

o Well
construction

¢ Proposed
operating data
and pre-injection
testing

* Proposed project
plans

Pre-injection

Permit To

Construct

* Review revisions
to plans (site
characterization,
corrective
action, etc)

* Confirm
background data
is collected

» Verify adherence
to Permit to
Construct

* Review
operating,
monitoring, and
testing data

* AOR updates at
least every five
years

¢ Annual financial

responsibility

updates

* Enforcement and

compliance
* Permit
modification

Permit To

Inject

Post-injection

* Well P&A

* Post-injection
site monitoring

* Emergency and
remedial
response

* Project and
financial
responsibility
updates

* Non-
endangerment
demonstrations

e Site closure

Injection

Ceases

LADNR




Geological Fundamentals
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History of the Gulf of Mexico

Louann Salt




History of the Gulf of Mexico

35 mya

Early Miocene
Deltas




History of the Gulf of Mexico

20 mya

Middle Miocene
Deltas




History of the Gulf of Mexico

10 mya

Late Miocene
Deltas




Progradational Model
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CCS Geology
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L ower Miocene Deltas




@ Middle Miocene Transgressive Deltas
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Middle Miocene Regressive Deltas
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Upper Miocene Deltas
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Modern Delta Deposits
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Modern Delta Deposits

100 square miles
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Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea

Level Cycles




Sediment Deposition

and Sea Level Cycles




Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea Level Cycles




Sediment Deposition and Sea Level Cycles
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@ Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea

Level Cycles




Sediment Deposition and Sea Level Cycles

Present




Sea Level Cycles
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Sea Level Cycles
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Sea Level Cycles
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Holocene sea level rise

[ MIS 5 (undifferentiated)

Bl s 3/4 channel balts

Wil 2 channel belts
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Sea Level Cycles and Deltaic Deposition
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Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea

Level Cycles




Sediment Deposition and Sea Level Cycles
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Sediment Deposition

and Sea Level Cycles




Sediment Deposition and Sea Level Cycles
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@ Sediment Deposition and Sea Level Cycles
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Sediment Deposition and Sea Level Cycles
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Sediment Deposition

and Sea Level Cycles




@ Sediment Deposition and Sea Level Cycles




Sediment Deposition and Sea Level Cycles




Sediment Deposition
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Sediment Deposition and Sea Level Cycles
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Middle Miocene Sediment Deposition
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ediment Deposition, Sea Level Cycle & Seal Preservation




ediment Deposition, Sea Level Cycle & Seal Preservation




ediment Deposition, Sea Level Cycle & Seal Preservation




ediment Deposition, Sea Level Cycle & Seal Preservation




Sediment Deposition and Sea Level Cycles
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Upper Miocene Subsurface Structure Map
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Cross Section — Injection and Confining Zones
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Upper Miocene Delta Deposits
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Aqguifer and Seal Quality
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valuation Model Construction — Subsurface Grids




Oxy Injection Well Locations
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Model Construction - Injection Well Locations




Model Construction - Injection Simulation
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Model Construction - Injection Simulation

. 20 Years

+ (end of injection)




Model Construction - Injection Simulation
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Model Construction - Multiple Injection Zones




Area of Review




CCS Project Types




Higher Dip Fault Trap
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CO2 Column
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Components of a Fault
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Recent Report

=NVERUS Is Louisiana CO2 Storage Risky?

CO:z Injection Wells

-—-————_'-'_____ —-_—-_-_‘_""‘--—-..

€0z and/or brine escapes
through old abandoned well.
| —————m——
Contaminated Freshwater

Caprock

“Fault
compartmentalizes

re
and fault permeability. reservoir

Source | Enverus Energy Transition Research

The seven risk factors for CO2 storage, injection and containment reviewed throughout the report published by
Enverus Intelligence Research (EIR).



Thank - you

Questions ?

504-756-2003
chris_mclindon@att.net
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