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Conceptual Overview
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Benefit to the Program

Goal (3) of the Carbon Storage Program: “Support industry’s ability to predict CO, storage
capacity in geologic formations to within 30 percent” by assessing potential regional
storage formations in State and Federally regulated offshore areas of the United States.

Goal (4) of the Carbon Storage Program: “Develop Best Practice Manuals for monitoring,
verification, accounting (MVA), and assessment; site screening, selection, and initial
characterization; public outreach; well management activities; and risk analysis and
simulation” by producing information that will be useful for inclusion in DOE Best
Practices Manuals.

BENEFITS STATEMENT: The methodology being developed is the assessment of offshore
CO,_storage resources in depleted hydrocarbon field settings or saline aquifers for offshore
CO, storage applications. This approach will improve the current understanding of CO,
storage potential for a large area of the Gulf of Mexico adjacent to significant industrial
emissions sources. This projects supports Goals 3 & 4 of the Carbon Storage Program Plan
by assessing potential regional storage formations in state and/or federally regulated
portions of the Gulf of Mexico. The study will also produce information that will be useful for
inclusion in DOE Best Practices Manuals, thus supporting Goal 4.




Project Overview:
Goals and Objectives

» The objective of this study is to conduct an offshore carbon storage
resource assessment of the Gulf of Mexico, Texas — Louisiana study
area. This will be completed by:

— Assessing the CO, storage capacity of depleted oil and natural gas
reservoirs utilizing existing data (well logs, records and sample descriptions
from existing or plugged/abandoned wells, available seismic surveys, existing
core samples, and other available geologic and laboratory data) from historical
hydrocarbon industry activities in the heavily explored portions of the
inner continental shelf portions of the Texas and Louisiana Gulf of Mexico
coastal areas; and

— Assessing the ability and capacity of saline formations in the region to safely
and permanently store nationally-significant amounts of anthropogenic CO, using
existing data. Additionally, the study will identify at least one specific site
with potential to store at least 30 million tons of CO, which could be
considered further for a commercial or integrated demonstration project in
the future.

— The project will also engage the public and other stakeholders for the region
through outreach activities to apprise them of the study objectives and results.




Technical Status

BUDGET PERIOD 1 BUDGET PERIOD 2 BUDGET PERIOD 3

IN
YEAR 1 YEAR 2 be YEAR 3

Task Tasks tr1 | qr2 | Qi3 | otra | Qtr1 | a2 | a3 | atd | arr1 | a2 | aQu3 | aa

S-O-N DJF MAM JJA S-O-N D-JF  MAM JJ-A S-O-N D-J-F _ M-AM J-J-A

2015 2016 2017 2018

Offshore CO2 Storage Resource Assessment of the Northern Gulf of Mexico(TX-LA}

1 Project M t, Planning, and Reporting Q = Quarterly Report; M = Milestone; BP = Decision Point; F = Final Report

Revision and Maintenance of Project Management Plan MA; MB

Progress Report Q Q Q Q Q Q Q Q Q Q Q Q/F
2 Conduct RegionalGeologic A t

2.1|Database Development MC; MD MF MG

2.2 |Develop Comprehensive Data Set for Reservoir Properties MH

2.3|Develop Structural Closure Mapping for Reservoirs Mi

2.4|Assess Seal Interval Characteristics ME; DP1 M)

2.5|Analyze CO2 Prospect Categories MK

3 Static Capacity Estimates

3.1|Regional Capacity Assessment ML

3.2|Local Prospect Resource Assessment MM

3.3|Data Management

4 |Dynamic Capacity A t

4.1|Pressure Decline Analysis

4.2|EASiTool (Enhanced Analytical Simulation Tool) Application DP2 MN

5 Outreach and Stakeholder Engagement

5.1|Local Public and Stakeholder Outreach

5.2|Regional outreach

 Subtask 2.1 — Database Development (Milestones C & D)

— WELLS

— SEISMIC
 Subtask 2.2 — Comprehensive Data set for Reservoir Properties
 Subtask 2.4 — Assess Seal Interval Characteristics (Milestone E)

Task 5: Local and Regional Public and Stakeholder Outreach



Milestone D — Quick-Look Report Summarizing the
Selection of Well Data for Regional Correlation

Map of the study area including wells and primary 3D seismic dataset.
Location of the primary 3D seismic dataset (“TexLa Merge”) is highlighted in orange.

« 11,817 wells in the study area, 5250 of which have wireline well log raster data only (black dots);
Of those, 4337 raster logs were purchased from vendor, MJ Systems.

» 900 wells have digital SP curves (green dots);

* 74 have digital gamma ray (red rhombs) and

« 7 wells have whole core (olive-green squares).

« The cyan colored dots represent wells currently without raster or LAS data.
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Milestone C - Map of Completed Selection of
Seismic Data for Regional Correlation
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Subtask 2.1 — Database Development
SEISMIC
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Subtask 2.3 — Develop Structural Closure Mapping for Reservoirs

15 Miles




Lower Miocene 2 (LM2) surface (approximately equivalent to the Marginulina A
biozone) is the most extensively mapped surface to date. The manually picked seismic
horizon marked by a positive amplitude event at the base of a homogenous seismic
event was tentatively designated as Top Lower Miocene 2 (LM2).




Subtask 2.3 — Develop Structural Closure Mapping for Reservoirs

Co-rendered sweetness and semblence timeslice (532 ms below MSL) of the sothern
portion of the 3D volume showing the complex geomorphology preserved in the
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Change in sweetness signals a change in lithology or fluid.



Milestone E — List of Identified Core/Wells for
Analyses

COUNTY / Topdepth  Base
UWI/API  STATE  PARISH  Well ID OPERATOR LEASE ELEV_KB TD(ft)  (ft)  depth(ft) Sample Type Longitude Latitude
171132160800 LA VERMILION AMOCO PROD CO WATKINS EM 36 10850 7003 7072 SLABBED CORE  -92.59224 29.80006
17023023450000 LA CAMERON PAN AMERICAN SL04210 18436 17846 17870 SLABBED CORE -92.6487 29.6035
GULF LAND A
17023200240000 LA CAMERON PAN AMERICAN R/A /C/ 4588 3843 4433 SLABBED CORE -93.42716 29.98916
BRUCE)J
17023202590000 LA CAMERON PAN AMERICAN VINCENT 1706 1588 1701 WHOLE CORE = -93.39067 29.99254
B LYONS
17023202650000 LA CAMERON PAN AMERICAN PALMER 1630 1558 1598 SLABBED CORE  -93.3993 29.9952
17023202680000 LA CAMERON PAN AMERICAN AGNES LOWERY 1595 1555 1590 SLABBED CORE  -93.4037 29.9999
17023202730000 LA CAMERON PAN AMERICAN RAY DUHON 2092 1871 1907 SLABBED CORE  -93.3887 29.99089
GLADYS
17023202760000 LA CAMERON PAN AMERICAN TRAHAN 1933 1872 1931 SLABBED CORE  -93.3943 29.9885
17023202810000 LA CAMERON PAN AMERICAN ML GRAY 2092 1848 1872 SLABBED CORE -93.38768 29.99177
17023202820000 LA CAMERON PAN AMERICAN ML GRAY 1753 1737 1750 SLABBED CORE  -93.3873 29.9929
17023202870000 LA CAMERON PAN AMERICAN ML GRAY 16 2094 1848 1939 SLABBED CORE  -93.3858 29.99193
17023216370000 LA CAMERON AMOCO PROD CO SL 00042 18 10087 9266 9382 WHOLE CORE = -93.40507 30.01792
17023220570000 LA CAMERON ARCO OIL& GASCO RP MIAMI 26 20026 16264 16298 SLABBED CORE  -93.0782 29.87002
INCMIAMI
17023226220000 LA CAMERON VASTAR RESOURCES CORP 33 15968 6862 6880 SLABBED CORE -93.49566 29.88343
17113216240000 LA VERMILION AMOCO PROD CO WATKINS EM 25 7810 7304 7364 SLABBED CORE -92.59398 29.81337
17113216260000 LA VERMILION AMOCO PROD CO WATKINS EM 25 8816 7401 7448 SLABBED CORE  -92.59376 29.81333
42708303160000 TX HIGH ISLAND VASTAR RESOURCES  INCSL 59455 83 ]10692 8401 8431 SLABBED CORE -94.14044 29.5371
W CAMERON ARCO OIL & GAS
177004040000 LA BLK 205 A-3 CORP 0OCS-G-3496 91 13,505 12918 13074 SLABBEDCORE -93.3312 29.2597
W CAMERON ATLANTIC RICHFIELD
177004063100 LA BLK 205 C-4 COMPANY THE 0CS-G-4392 120 13,829 13100 13160 SLABBEDCORE -93.3317 29.2287
HIGH ISLAND-L
427084032600 ™ B 1 ATLANTIC RICHFLD CO OCS-G-10266 90 12077 10722 10748  SLABBED CORE -93.989 29.4199
WEST FORCE ENERGY GAS
177004061700 LA CAMERON C-5 EXPLINCORP 120 17,220 11409 11415 SLABBEDCORE -93.3317 29.2287
SOUTH GILLOCK
421673064500 ™ GALVESTON = 30645 UNIT #94 100 10,000 9163 9181 SLABBED CORE  -94.9674 29.391
17707400570000 LA S MARSH 1 AMOCO PROD CO 0CS-G-2305 99 10,246 710 10250 CUTTINGS -92.14837 29.18225
S MARSH
17707403910000 LA  ISLAND BLK 232 1 CONOCO INC 0OCS-G-4435 83 11965 8130 10500 CUTTINGS -92.13898 29.36718
S MARSH AMOCO PRODUCTION
17707402610000 LA ISLANDBLK260 A-2 CO 0CS-G-2305 89 12,568 11389 12565 CUTTINGS -92.13627 29.19544
S MARSH

17707400430000 LA ISLAND 1 CHEVRON 0CS-G-2301 40 15,752 920 15730 CUTTINGS -92.03333 29.22488



Subtask 2.4 — Assess Seal Interval Characteristics

Top
API Well Lease Depth Bottom Sample

Number ID Location Name (ft) Depth (ft) Type Reservoir LON LAT
County: WEST CAMERON SLABBED WEST 29.25

177004040000  A-3 State: LOUISIANA OCS-G-3496 12918 13074 CORE CAMERON  -93.3312 97
County: WEST CAMERON SLABBED 29.22

177004063100  C-4 State: LOUISIANA OCS-G-4392 13100 13160 CORE 198 -93.3317 87
County: HIGH IS-L B State: SLABBED 29.41

427084032600 1 TEXAS OCS-G-10266 10722 10748 CORE Unknown -93.9890 99

WEST

County: WEST CAMERON SLABBED CAMERON 29.22

177004061700  C-5 State: LOUISIANA 11409 11415 CORE 212 -93.3317 87
County: CAMERON State: SLABBED 29.60

170230234500 02345 LOUISIANA 17846 17870 CORE WILDCAT 17  -92.6487 35
County: CAMERON State: SLABBED HIGH 29.87

170232205700  D-1 LOUISIANA MIAMI CORP 16264 16298 CORE ISLAND -93.0782 00

SOUTH

County: GALVESTON State: ~ GILLOCK UNIT SLABBED 29.39

421673064500 30645 TEXAS #94 9163 9181 CORE GILLOCKS  -94.9674 10

0 250,000
—
FEET
Texas Louisiana
o
L] i
.
// -
17




Core description of OCS-G-3496 A-3,
West Cameron Block 205, Louisiana

ARCO No. A-3 OCS-G-3496

November 5, 2015, Jiemin Lu

Depth

fit >

) 35vim NOTES
12,910 [

Blocky

Fissile

Blocky
Moderately fissiie

Moderately fissle

Moderately fissile

Fissile

13,070
* 5 VL . ey
= Fissile mudstone

13,0804 3 5

Parallel-laminated, if not bioturbated
Strongly bi light:
ded with shaly mudstone

Light-gray, fine sandstone; no laminations

muddy interbed-

Brovin, muddy, very fine sandstone with burrows, clasts
Calcium nodules, flaser bedding
Well-cemented sandstone bed

Gray mudstone

Brown, shaly mudstone

Browin, shaly mudstone with occasional sandstone flaser
lenses, greenish mud clasts/mud beds

Laminated, fine-grained sandstone with ripples, slumps, small faults;
waler-escape features and lenses

Light-gray, fine- ta medium- grained sandstone; weak lamination;
concentrated wood fragments up to 3 om in size in places

Concentrated wood fragments.
Silty sandstone, heavily bioturbated

Lightgray, very fine sandstone; faint laminae;
Interbedded with mudstone siderite nodules and organic matter;

Dark-gray mudstone fragments; sandslone/sillsione beds with parallel
lamination with brown beds; occasional light-gray silistone laminae and
lenses

Gray mudstone interbedded with light gray, very fine-grained sandstone;

laminations, ripples, burrows in sandsione; occasional brown siderite
beds/lenses

QAedBT4-Z

- Moderately shaly mudstone

- Blocky sandstone, weak laminations

|:| Mudstone interbedded with sandstone Heavily bioturbated sandstone with

with burrows, clasts, ripples

UT Burrow - Ripple
<% Cross lamination #  Mudstone clast

27 Plant fragment == = Siderite nodules

ripple and cross-laminations

%-'/2 Soft-sediment deformation = Parellel bedding
ARX

<= Flaser bedding & Dewatering structure

4rs Lenticular bedding 4% Shell fragments

Sample ID
1

2

10

11

Well
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0OCS-G-3
496 A-3
0CS-G-3
496 A-3

burrowed mudstone

interbedded with
sandy mudstone

Sample depth (ft)
12937

12954.2
12966.8
12975.5
12984.9
12999.5
13033
13050
13056
13060.5

13071.5

shaly mudstone

Lithology
Mudstone

Argillaceous silty claystone
Mudstone
Mudstone
Mudstone

Argillaceous silty claystone
Mudstone

Siliceous siltstone
Fine-grained sandstone

Argillaceous silty claystone
Mudstone

Eleven samples

(above) were taken

from the core for

further analyses, such
as scanning electron

microscope (SEM), X-

ray diffraction (XRD),

mercury intrusion

capillary pressure
(MICP), etc.

Four have been
polished by state-of-
the-art ion mill& and
examined using SEM.



Subtask 2.4 — Assess Seal Interval Characteristics

The silty claystone is dominated by extra-basinal siliciclastic detrital grains of quartz,
illite, chlorite, mica, and small amounts of plagioclase and K-feldspar

The majority of the observed pores are secondary pores derived from mineral
dissolution and later partially filled with diagenetic minerals (chlorite, calcite)

19




Accomplishments to Date

— A website, was established for the project:
http://www.beg.utexas.edu/gccc/osra.php

— Map of Completed Selection of Seismic Data for
Regional Correlation

— Quick-Look Report Summarizing the Selection of
Well Data for Regional Correlation

— List of Identified Core/Wells for Analyses
— Initial Structural Map of the LM2 Surface

— Initial 3D Fault Network Mapping

— Core identified, sampled, analyzed

20


http://www.beg.utexas.edu/gccc/osra.php

Accomplishments to Date

— Local and Regional Local and Stakeholder Outreach
 SSEB:

http://www.sseb.org/programs/sosra/

Southern State Energy Board’s Executive Committee

David Mohler, Deputy Assistant Secretary of Clean Coal and Carbon
Management;

Elena Melchert, Senior Program Manager, U.S. Department of Energy
Office of Oil and Gas

Southwestern Electric Power Company

 BEG

Port Arthur, La Porte

UT BEG GCCC hosted an “International Workshop on Offshore Geologic
CO, Storage” (April 19-21, 2016) sponsored by CSLF (Carbon
Sequestration Leadership Forum)

21


http://www.sseb.org/programs/sosra/

Synergy Opportunities

— Meckel is participant on Battelle's Atlantic
Assessment Project.
« Monthly phone conferences
« Meeting in September

« Consultation with G. Mountain @ Rutgers on HR3D
seismic.

— International Workshop on Offshore Geologic
CO, Storage (April, 2016): L. Cummings

— Annual Review Meeting

22



Summary

— Key Findings: LM2 surface, Fault polygons,
Seal Characterization.

— Lessons Learned: Integration of 2D-3D seismic
and well logs; Seal material scarce but useful.

— Future Plans:
 Local Prospect Resource Assessment

Development of Comprehensive Data Set of
Reservoir Properties

Regional Capacity Assessment
Structural Closure Mapping for Reservoirs
Pressure Decline Analysis

23



Appendix

— These slides will not be discussed during the
presentation, but are mandatory.
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Organization Chart

‘fuung_ - Meckel, P.I. BN Hovorka
Assoc.Dir. (Lead Tasks 1,2,3) Sr. Res. Sci.

Trevino, Proj Mar., Co-Pl
(Co-Lead Task1)

[SSEB}

Hosseini Lu Olariu
sams-Gray

(Lead Task5) (Lead Task 4] (Task 2) (Task2)

Hentz
(Task3)
Berry Breeden
Geologist Counsel Sabbagh, Graduate Student Student

Res. Asst. Res. Asst. Res. Asst..
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Gantt Chart

BUDGET PERIOD 1

BUDGET PERIOD 2

BUDGET PERIOD 3

YEAR 1

N
YEAR 2 be

YEAR 3

Task

Tasks

atr1 | a2 | Qs | qtra

Qtrl

| atr2 | a3 | atrs

atr1 |

atr2 | atrs

|

Qtrd

S-O-N

DJ-F __MAM

JJ-A

S-O-N

D-JF  MAM JJ-A

S-O-N

D-J-F _ M-AM

JJ-A

2015

2016

2017

2018

Offshore CO2 Storage Resource Assessment of the Northern Gulf of Mexico(TX-LA)

1

Project M t, Planning, and Reporting

Q = Quarterly Report; M = Mil

estone; DP = Decis!

ion Point; F = Final Report

Revision and Maintenance of Project Management Plan

MA; MB

Progress Report

Q

Q Q

Q

Q

Q Q Q

Q/F

Conduct RemondGealome K r

21

Database Development

MC; MD

MF

MG

2.2

Develop Comprehensive Data Set for Reservoir Properties

MH

23

Develop Structural Closure Mapping for Reservoirs

Mi

2.4

Assess Seal Interval Characteristics

ME; DP1

MJ

25

Analyze CO2 Prospect Categories

MK

Static Capacity Estimates

31

Regional Capacity Assessment

ML

3.2

Local Prospect Resource Assessment

3.3

Data Management

MM

Dy ic Capacity A t

41

Pressure Decline Analysis

42

EASiTool (Enhanced Analytical Simulation Tool) Application

DP2

MN

Outreach and Stakeholder Engagement

5.1

Local Public and Stakeholder Outreach

5.2

Regional outreach

26




Project Milestones

AN NN N

Budget | Task/ Milestone I1)/eseription Planned YVerification

Period | Subtask Completion | Method'?

1 1011 A Updated Projedt Management Plan 103072013 Project Manugement Plan

file

1 1.0 R. Rickeff Meeting [1530:2005 Presentation file

1 2001 C (,Dﬂlpl'?kl‘ll'.lp wilh cullnpleled selection of seismic 312016 Map
data for regional correlation

1 20121 D, Quick-look report summarizing the selection of well 30/2016 Quick-look report.
diilia for regional correlation

1 2,024 K. Compile list of identified core/wells for analyses 73172016 List

1 2011 F. Compile representative data (ie. cross section) lor the | 12/31/2016 Representalive data
integrated well-seismic correlation of major stratigraphic
surfaces

2 2,021 G, Ouick-look report documenting finalized geologic 3312017 Quick-look report
database

1 1.0/12 H. Quick-look report documenting the (inalized 6/30/2017 Quick-look report
reservoir property datahase

2 2023 L. Quick-look report documenting the structural Ti312m7 Quiclc-look Repart
closure mapping and analyses completed

3 2024 T, Cuick-look repart summarizing the seal characteristics [/31:2018 Quick-look Repart
determined

3 2023 K. Quick-look report deseribing COy progpect categories | 6302018 Quick-look Report
determined and analyzed m s work

3 EIVER L. Quick-lock report documenting the stabe remonal 71312018 Quick-lock Reporl
capneity estimates determined in addition to supporting
dara inchiding tume/depth structure, porosity, isopach
maps used Lor capacity caloulations. as well as maps
wilh capuetty estmales mdded al appropate tesolution
for the datasets wsed (nominally 25 km?)

3 RAVEM M. Complete 2 summary sheet that describes the 30 Wit A312008 Summary sheet
sife identified

3 410042 N. Quick-loak report documeting the results from the 7312018 Quick-look Report

HastTool analyses meluding cupaeily estimales, reservorr
rerformance, summary statistics, and senaitivity analyses
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