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Oil/Gas Industry and Sustainability

* “Although it was CERAWeek by IHS Markit, it often
sounded more like climate week.” E&E News, March 18,
2019

* “Shell CEO: Climate change is our biggest issue”, IHS
CERAWeek, March 7, 2019

* “Oxy CEO: Next gen companies need to be at least carbon
neutral”, Houston Business Journal, March 13, 2019

* “Chevron, Oxy invest in CO2 removal technology”,
REUTERS, Jan 9, 2019



CCUS

Carbon capture, utilization,
and storage (CCUS) involves
capturing man-made
carbon dioxide (CO2) at its
sources and storing it
permanently underground
with potential utilization.

Projections by IEA show
that CCUS will need to
account for 6 Gton of CO2
emissions reduction
worldwide by 2050.

Folger, 2018



CCS Captured COz2 (Gt/yr) — North America
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Large-scale CCUS pl‘OjECtS worldwide O Industry @ Power @ Under construction
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CO, Emissions by State, 2016

CO2 Emissions (Million Metric Tons)

At ~220 million tons of CO2 emissions, Louisiana ranks fifth in the U.S.
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U.S./Louisiana CO, Emissions per Sector

Louisiana

m Transportation, 36.5% O Electric Power, 34.0% B Transportation, 22.3% O Electric Power, 16.9%
& Industrial, 19.3% B Residential, 5.7% B Industrial, 58.9% = Residential, 0.8%
@ Commercial, 4.5% @ Commercial, 1.0%

EPA, 2016.



Industrial CO,, emissions by category

B Chemical Manufacturing, 46%

® Petroleum and Coal Products, 42%
® Natural Gas Processing, 6%

0 Paper Manufacturing, 3%

® Primary Metal Manufacturing, 2%

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

® Wood Products, 0.05%

m Fabricated Metal, 0.02%

EPA, 2017.



Industrial CO,, emissions by category

CO, Emissions (million metric tons)
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Louisiana CO, Sources > 0.1 MtCO,/yr

G Lake illags”
w2 Magrolia ]
@ (g2}, ElDorado
Atlanta Crogsett
&) Springhill
Jefferson | @9 Basting
3 |
! Mi
q_Mershal S gort @Rusior
w

@)

) Carthage

Center

=

cdcches
San Augustine
Saby]
National R

Woodville
:
Beaumont Orange
! ;

1o Po,

thez

(lckgburg

]
B

Eert Gibson
o

Homoch
National Forest

itto

Belzeni
a

&0

e ] Louisville
P osciusko -
Yazoo City
i
0 Carthage — Piladelphia
@
Ridgelanc
] i Forest Mer
P Jackson e Newton ]
o Bienville
National Forest
=)
Quitr
Crystal Springs o .
& 9
Haz\%hu:sr Mages
il Ls |
aurel
Collins D Way
Brookhaven & El isyille
@ T
Hahiensburg
McCucrnb Co\u&nbia
>

De Soto
§  National Forest

ican)'une
- Biloxi
) l

o
Slidell Gulfpert

EPA, 2017

10



Top Ten South Louisiana Industrial Sources
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CCUS in Louisiana

* Onshore vs. offshore
e Saline aquifers vs. hydrocarbon-bearing formations

SONRIS, 2019
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|dentified saline storage sites
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Common features

™o | 1
* Multiple storage zones with stacked
sand systems

+ Thick zones (up to several hundred ft.) . L
* High porosity and high permeability il

 Normal hydrostatic pressure ~0.465
psi/ft
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Bayou Sorrel

RE:

) s
ols q ‘.’ ",
A “,

(Bayou Sorrel main
cluster of wells

B
4 £
CHENE]), Areal Extent used
‘%‘r in Simulation
£ G_Ial‘roucﬁﬁon ENE' 0{"?{/ o -

Iberia

Absolute Sesle: 1:100,000 SONRIS Interactive Map

Relative Scale: 1 inch = 8,333 feet Disclaimer: This data is not to be used for legal purposes. Date: 12/21/2017

15



Bayou Sorrel Petrophysical Data

Zone Depth (ft) Porosity
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Paradis
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Paradis Petrophysical Data

Zone Depth (ft) Porosity

Average thickness = 350 ft Average Porosity = 0.3
CO, Density (kg/m3)
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Storage capacity

Static Model Bayou Sorrel Paradis
Average depth to top of potential storage zone (ft) 7300 4300
Average thickness of potential storage zone (ft) 990 350
Average porosity of potential storage zone (fraction) 0.280 0.300
Average CO2 density (kg/m3) 771.1 714
Static storage efficiency (fraction) 0.020 0.020
Static storage capacity (Mt) 133 84
Static capacity per unit volume (Kg/m3) 4.318 4.284

Bayou Sorrel Paradis
Dynamic Model Parameters Transmissive Non-transmissive
Faults Faults
No. of wells 7 7 7
Dynamic Capacity (Mt) 129 124 71
Storage efficiency (fraction) 0.019 0.043 0.025
Dynamic capacity (Kg/m3) 4.20 9.29 5.33

19



Offshore CCUS

As part of SECARB
offshore GoM
partnership, currently
Iooklng at CCUS potential
in Louisiana state waters

BN CO, transport ST PRSI

L CO, pipelines
The evaluation focuses on )y
active and depleted O/G
fields and potentially
associated CO, EOR as
well as saline storage
resources

8 X Wellheads

/To geological storage |

20
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Why CCUS in Louisiana?

COMPOSITE TYPE LOG
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Challenges/Barriers
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CO2 Utilization

NARUC, 2018
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Fault structure

Two-component fault idealization:
— Fault core
— Fault damage zone

Source: Maher, 2018
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|dentified saline storage sites

Donaldsonville area (CF
industries ammonia plant)

Paradis
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KEY
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Louisiana Information
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Well leakage

AMES Geology, 2019

Celia et al., 2005
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Fault leakage
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Fault leakage
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CO, plume extent
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Leak identification

Leaky well Leaky fault Leaky caprock
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Well/fault leakage detection
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Fault leakage monitoring and detection

Fault anisotropy results in linear flow which can be
identified through above-zone pressure analysis.
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Fault leakage monitoring and detection

Fault reactivation is associated with permeability
enhancement the effect of which is observable in the
pore pressure signal at the injection well.
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Pressure monitoring for plume extent

Three techniques are presented to monitor and analyze pressure
to obtain information on the CO, plume
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