A Southern Company

Carbon Storage and Oil and Natural Gas Technologies Review Meeting

Richard Esposito, Southern Company Services
Dave Riestenberg, Advanced Resources International

Establishing an Early CO? Storage Complex in Kemper County, Mississippi: Project ECO?S




Disclaimer

This presentation is based upon work supported by the Department of Energy National
Energy Technology Laboratory under award number DE-FE0029465 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, recommendation, 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.
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Project ECO,S Introduction

:|Location Map

| Kemper County I,—[
L]

Kemper Water Well 41

Kermoer €O,
Storage Complex

T Kemper County
energy focility

‘ MPC 26-5

r MPC 34-1
est

] . The project team has established an area of
‘ : . interest exceeding 30,000 acres in Kemper
Lauderdale County e e
Frinte-1g ¢ R County, Mississippi.

Project ECO,S, a DOE-supported CarbonSAFE program, will pursue key advances in CO, storage
knowledge and technology, including: optimizing CO, storage efficiency, modeling the fate of
injected CO, and establishing residual CO, saturations. In addition, Project ECO,S will involve “real-
life” experiences, issues, and challenges of scaling-up from its regional, pre-feasibility assessment
of CO, storage to establish a site-specific, commercial-scale CO, storage facility, including

capturing the “lessons learned” in making this transition.
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Kemper County Storage Stratigraphy >>
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Initial Geologic Assessment
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ECO,S Geologic Studies ’»

Confirm storage reservoir volumetric properties; develop dataset on flow properties (ARI)

» Geophysical log response (ARI & Oklahoma State University)

» Petrophysical properties observed in core (ARI & Oklahoma State University)

» Advanced core tests, including rel-perm, CT scans under steady-state flow (ARI & University of Wyoming)
Caprock studies including (University of Alabama at Birmingham)

» Threshold pressure tests, minimum capillary displacement pressure

» Clay mineralogy

Describe depositional facies, rock types, mineralogy, facies and environments of deposition for
storage reservoirs and caprocks (Oklahoma State University)

Develop a conceptual geologic model honoring interpreted depositional style (Oklahoma State
University & Mississippi State University)

Develop initial rock mechanics model (Mississippi State University)

Extend evaluation to regional framework (Mississippi State University & Virginia Polytech Institute)
Fluid-rock interactions (Auburn University)

Evaluation of existing 2D data, Identify any structural concerns (Geologic Survey of Alabama)
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ECO,S Geologic Data Gathering ”

* Drill (3) three wells to gather drilling performance data, whole and
sidewall core, and geophysical logs
* Openhole geophysical Logs:
« Triple combo (caliper, array induction, gamma ray, density porosity,
neutron porosity, spontaneous potential, photoelectric)
 Combined magnetic resonance (CMR)
* Formation micro imager (FMI)
* Dipole sonic (mechanical properties)

* Whole core and rotary sidewall cores of both reservoir and caprock
intervals

» Evaluation of existing 2D seismic

» All combined with literature-based informational resources



Well Name MPC 26-5
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ECO,S Field Status

- First project well, the MP.C 26-5, was spud

in May

~17«days from spud to TD including two
core points |

« Second well, the MPC 34-1, spud in June

~14 days from spud to TD mclu‘:dmg two

core points =i .ﬂ‘
. Third well, the MPC 10 4, ‘hl'l‘lge SpLLd in
early Augiist '._'.j:. | "‘*"- '
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MPC 26-5 — Kittrell Swamp Road
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MPC 26-5 — Kittrell Swamp Road







MPC 26-5 Coring Results

Core 1 (shale above
L.T. massive)

e 3,687 — 3,643 ft
» Cored 56ft,
Recovered 4ft

»Gray-brown and
red-brown shale

Core 2 (L.T. massive
sand)
e 3,645 — 3,662 ft
e Cored 171t
Recovered 10.5ft
» Recovered Portion:
»Gray to gray-
brown shale
» Medium to fine
grained
sandstone

Core 3 (Wash-Fred)
o 4,331 — 4,349 ft

e Cored 18ft,
Recovered 4.3ft

 Recovered Portion

»Medium to fine
grained
sandstone
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Core Pictures MPC 26-5 }:

Core 2 Lower Tuscaloosa
massive — very poorly indurated
sandstone, well caked

Core 3 Wash-Fred —
less indurated than
Tuscaloosa core
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Storage Complex Reservoir Continuity

XPE 3,6'5 MPC 34-1  KCEF Water Well
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Existing 2D Seismic

» 30 miles of existing 2D
seismic was acquired to
evaluate structure,
regional stratigraphy

12 17 16 15 14 13 Y 18 15 1" 13
L.
Al
i & "
10N 145 JRY 10N 195
18 20 21 2 =] 55\, 18 20 21 2 23 E2
e i
=, - .
7 o
¥ -
{ \
o 2 28 27 ':Eﬁ 5 k) 28 ! 7 26 25
- N .
3 az a2 u 35 S al 32 £ s as S
", 7
- 2.
= Sl
s .
8 5 4 a3 2 1 L] 5 4 . 2 1
, 1
ho /
ﬁf PC-1p-4
7 8 10 " 12 7 8 ] i n 12
/
Y
/
f
18 7 15 14 13 18 17 18 ¢ 14 13
+ o T
ar
= t5E
£ lk
10 2 21 22 23 2 19 2 2 2 . 2 2
. 3
A ] \i
=%
"‘ AMPC26)5 P
0 28 Fa 28 25 30 29 26 28 i V28 25
AT \
& | ST !
1 ¥ - ‘L"l—k-v
o 7 _“I_
()
& ||
3 2 ) N ks T + = £ 34 {35 ]
1 £ £
=
()
. 5 4 3 2 1 8 5 4 2 1
o, 8N 14E 8N 13E
7 [ o 1 10 11 2 | 17 [ [ [ | == 11 12




Kemper Storage Complex Capacity

Net thickness* and porosities** from MPC 26-5

Net Pay ({t)

L. Tusc. Massive 162 28%
Wash.-Fred. 630 28%
Paluxy Formation 370 26%
TOTAL 1,162 27%

» Calculate CO, storage capacity at 100% pore volume utilization for
30,000 acres (approximate Kemper Storage Complex area)

* Apply DOE capacity estimate approach with site specific*** saline
formation efficiency factors for clastics of 3.1% (P10), 6.1% (P50) and
10% (P90) (Goodman et al., 2011)

* shale volume less than 20% using gamma ray index

** |og density porosity
*** gite specific efficiency factors assume that the net/gross area and net/gross thickness terms are fixed at the P90 level

>




Kemper Storage Complex Capacity

Formation 100% Storage
Capacity

(MMte)***

P10 (3.1%)
Storage
Capacity
(MMte)***

>

P50 (6.1%) |P90
Storage (10%)
Capacity Storage
(MMte)*** | Capacity

Tusc. Massive 760
Sand

Wash-Fred 3,140
Paluxy 1,830
Total 5,720

* Assume 0.43 psi/ft hydraulic pressure gradient
** from IPCC 2005 Annex Chart
***million metric tonnes
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100
60
180

(MMte)***
50 80
190 310
110 180
350 570
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Conclusions
A ,Lf

The Kemper County Storage ® ‘r'\“ lex appears to be a"‘world class”

: Sption: I storage capacity |
il 0 10 Darcy)
1€ otentlal for “stacked "

storage” . %

= Caprogiss age IateremyRse/ e £=/clalele {05l erties
= No strUctural. show stoppers ore -:uﬂ' vith indUcedscis
= Well dii Jro\) predictable, low risk, and cc tively 1 '

"=

BleZproperty ownershipZ==.., | e |
Wecon mercial-scale storage costs assomate% W _.fﬁe S|te
E?o work to do! -
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