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CARBON DIOXIDE BY
RUSSEL BUSS
2/11/2019

Briefly My Thoughts - Carbon Dioxide Power Generation

and Possible Paradigm Shift for Carbon Capture

RUSSEL BUSS - DR. CHEN. DR. XU, SONG WANG, DAN FERNANDES
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List of Basis

e Air - 02, N2, Argon, H20

Water - H20 dissolved 02, CO2

Natural Gas - C1,C2,C3+

Normal Product of Combustion - Heat Energy, 02,N2,Co2,H20,Trace of Argon
Heat Energy is converted to Shaft Work

* Shaft Work - Electricity, Internal Combustion Power, Steam, Gas turbine
Power, Heat for Furnaces

Products of Combustion: Large % N2, Smaller %H20,C02.02
{Capturing CO2 }

RUSSEL BUSS - DR. CHEN. DR. XU, SONG WANG, DAN FERNANDES
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Allam Cycle Carbon Capture

e Separate Air into 02 and N2

* Feed 02 and Natural Gas into High Concentration CO2 Combuster
 Combust Natural Gas and Spin Power Turbine

e Shaft work generates Electric Power

« H20 condensed, CO2 recycled, Product CO2 of Combustion
Captured

Russel Ri:gsc - Dr. Chen Dr. X, Soang Weng, Den fernandes
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Paradigm Shift

* Allam Cycle is High Pressure Power Cycle
* Feed 02 and Natural Gas into High Concentration CO2 Combuster

* Even so Carbon Capture very desirable and Shaft work generates
Electric Power

e Consider separating Air into 02 and N2. Use 02 and CO2 to create a
combustion fluid fluid with no N2. Like the Allam Cycle Heat Energy is
created for Furnaces and CO2 is in high concentration for capture and

recycle. Pure Water is condensewd.
Russel Buss - Dr. Chen. Dr. Xu, Song Wang, Dan fernandes
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“GOMCARB”
PARTNERSHIP

Offshore Gulf of Mexico Partnership for Carbon Storage
Resources and Technology Development

RAMON TREVINO v
Texas BEG, GCCC \ | ——
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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 tg/ 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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Overview

*Basics - Geography, Scope, Team

*Legacy - Regional Databases / Geology
*Storage Assessment - Regional = Analogs
*MVA - Improving Data Quality
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GCCC

Gulf Coast Carbon Center
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Presentation Notes

High Island Focus area & Chandeleur Sound Focus area
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GoMCarb Scope of Work (Tasks)

2. Offshore Storage Resource Assessment

3. Risk Assessment, Simulation, and Modeling

4. Monitoring, Verification, and Assessment (MVA)
5. Infrastructure, Operations, and Permitting

6. Knowledge Dissemination
- Advisory Committee





Institution

GCCC (Gulf Coast Carbon Center)

GBDS (Gulf Basin Depositional Synthesis)

PGE (Petroleum & Geosystems Engineering)

Moody College of Communications

Aker Solutions

Fugro USA Marine, Inc.

Lamar University

Lawrence Berkeley Nat. Lab

Lawrence Livermore Nat. Lab

Louisiana Geologic Survey (LSU)

TDI-Brooks, Int.

Texas A&M GERG

(Geochemical

Environmental Research Group)

Trimeric Corp.
USGS

and
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Location

Austin, TX

Austin, TX
Austin, TX
Austin, TX
Houston, TX

Houston, TX
Beaumont, TX
Berkeley, CA

Livermore, CA
Baton Rouge, LA
College Station, TX

College Station, TX

Buda, TX
Reston, VA
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Gulf Coast Carbon Center GEOLOGY

Expertise

Project Lead; All Tasks

GoM Basin Geology; Resource Assessment
Reservoir Simulation & Knowledge Dissemination
Knowledge Dissemination

Infrastructure Technologies

Marine MVA Technologies
Risk Assessment & Knowledge Dissemination
Risk Assessment & MVA Technologies

Risk Assessment
Resource Assessment & Database Development

MVA Technologies (HR3D seismic deployment)

MVA Technologies (Marine Water Column Geoscience)

Engineering; Infrastructure and Operations

Resource Assessment
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Explanation
A CO2 Sources (NATCARB)
* TABS marine buoys
[ B-04-88-7x
@ Fluid Inclusion Stratigraphy - 30 wells D B-13-02-TX
222 chandeleur 3D seismic - LA State Waters only (SEI) C_s1002.7x
2] LA 3D seismic (SE [ -26-92-x
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22 southem 0Bs 3D Seismic (SEI) C_Je1o2ia
[Je3sotLa
[e-5100-LA

{ A

NAMSS (Future) Jurisdiction
NAMSS 3D Data - Phase 1 [__] GoMCARB - BEG
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Presentation Notes

GoMCarb benefits from previous work conducted under Miocene Mega-Transect (offshore Texas), TXLA (High Island, TX – western Louisiana coasts), CarbonSafe Ph 1 (upper Texas coast– Cameron Parish, LA). 

Many publically available, regional 3D seismic datasets already added to our database
Also, three proprietary, regional 3D seismic datasets (including two leased in previous NETL studies). 

Map showing locations/datasets. Original scope included Chandeleur 3D seismic dataset in eastern Louisiana (blue outline; but only the western half of the dataset in state waters). Items in red are expanded scope, and include the following 3D seismic data:, the southern portion of the Texas OBS dataset along the southern middle Texas coast, and 11 NAMSS data volumes in Lake Jackson, Lake Charles, and Lafayette districts. Mound Point 3D in Lafayette District for which existing data are potentially available will be considered. Grey areas in outer shelf settings are NAMSS data that are intended to be incorporated as possible in the future. Additional scope also incorporates 30 wells with fluid inclusion data (red circles in OBS and TXLA 3D seismic volumes) and consideration of 7 marine buoys (TABS – Texas Automated Buoy System) indicated with yellow stars.

Animation (Regional Two-way time structure of the MFS09 surface from the CarbonSAFE Ph 1, TXLA and TX Miocene Mega-Transect NETL projects). 
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Presentation Notes

The static geologic model currently being finished based on previous projects’ work, will be used/useful for Task 3, Risk Assessment, Simulation and Modeling (e.g., geomechanical). 
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Presentation Notes

Extending the static model to the surrounding area (red rectangle) will be utilized for numerical model simulations of CO2 injection and storage in heterogeneous reservoirs. 
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Statics Correction

e Left Panel = New Statics

HewStatics60HzFiltersstaticShiftDeconLCstack DeconLCe0HzDeGhostlewStaticsStack
5722 5722 5722 57122 5122 5722 5122 5722 G722 G122 1 5722 5722 5722 5722 57122 5722 5122 5122 G122
75 2149 2491 2635 1 1573 7149 $390 P49 DGR3 2B
i

1259 1469 1639 1605 1575 2320 2663 1635 1603 3 006
L L L ' 1 1

BUREAU OF
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GEOLOGY

Gulf
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Carbon
Center

ek
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Key to Symbols
* CO2 Sources (NATCARE)

2012 Survey (58 sq. km.)

2013 Survey (31.5 sq. km.)

2014 Survey (47 sq. km.)

e Faderal-State Boundary (GoM)
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Presentation Notes

Right - map of the southeast Texas coastal region showing the locations of three HR3D (P-Cable) surveys collected by the Texas Offshore Miocene Mega-Transect project. The outline of the 2012 survey is shown in black, the 2013 survey in yellow and the 2014 survey in orange. Note the outline of the city of Houston in dark gray and the boundary (red line) between State and Federal waters. 

Left – Two panels showing the effect of adding statics correction; left panel shows new statics; right is without statics correction. Since the reflections line up better after the statics correction, they stack together more strongly and appear to have greater coherency with increasing time. Incorporating learnings from processing of our latest HR3D survey (2017) at the Japanese (JCCS / METI) offshore injection demonstration at Tomakomai, Japan. 






GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX

Agenda - GoMCarb Updates

Reynaldy Fifariz (GCCC) - High Island Focus Area
Marcie Phillips (GBDS) - Chandeleur Sound Focus Area
Hilary Olson (UT) - Knowledge Dissemination

Lundeen / Sachde (Trimeric) -CO, Transport / Scenario Optimization
Curt Oldenburg (LBNL) - Well Risk / DAS MVA
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MIOCENE OFFSHORE
CO, STORAGE RESOURCES

REYNALDY FIFARIZ, TIP MECKEL, RAMON TREVINO, MIKE DEANGELO, IZAAK RUIZ, OMAR GARCIA, YE FENG, ZHI ZHONG
Gulf Coast Carbon Center (GCCC), Bureau of Economic Geology (BEG),

Jackson School of Geosciences, The University of Texas at Austin

Task 2. Offshore Storage Resource Estimation

Task 3. Risk Assessment, Simulation, and Modeling

ENERGY
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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 tg/ 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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Presentation Outline

* Problem statement
* Goals

* Methods

e Current results

e Summary
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Problem Statement

We have achieved significant progress in assessing CO, storage capacity in terms of
how fast CO, can be injected as well as how much CO, can be injected before it will spill
out of the storage complex.

From this work we have come to identify a number of factors which have strong impacts
on capacity which need in-depth assessment.

To nrepare for large-scale injections with many sites in the same basin, both onshore
and offshore, advances in our understanding are necessary in areas such as:

« Characterization of the geological formations

Assumptions about how CO5 migration paths access pore volumes
Impacts of pressure change in zones displaced by faults
Basin-scale pressure interference and vertical-lateral propagation

Pressure boundaries that compartmentalize or isolate injected fluids and pressure
response
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Goals

e Using extensive and comprehensive
characterization methods to increase
confidence and reduce risk in siting
CO, storage with very large volume
within a basin

* Applying the understanding to one or
more important basins

_' STORAGE OVERVIEW _
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Saline formations

Injection into
deep unmineable
coal seams or
ECBM

Use of CO; in
enhanced oil
recovery

Depleted oil and
gas reservoirs

Provided by the
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Methods

Assessment will focus on the Gulf of Mexico (onshore and offshore) with a vision to
apply these concept broadly:

* Conduct detailed geologic characterization and numerical & earth modelling at site-
and basin-scale, using extensive & comprehensive subsurface data set, augmented
by literature and global collaboration

* Use sequence stratigraphy and depositional systems as tools for understanding CO
migration and pressure propagation at basin scale, consider further relationships of
trapping mechanisms (structural or capillary trapping etc.) to static and dynamic
capacity

* Assess the impact of structural and tectonic components on fluid flow and capacity;
compartmentalization, connectivity, and geo—mech_anlcal impacts; impact of regional
fault system e.g. between onshore and offshore Miocene

* Consider how petroleum systems analysis and concepts can inform CCS

e Evaluate and appIF%/ resource quantification methods at project-scale, beginning with
SPE CO, Storage Resources Management System (SRMS)
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Methods

1

Sequence
Stratigraphy and
Depositional
Systems Analysis

Tectonic and
Structural
Analysis

Petroleum System
Analogue

Static Dynamic
Geo-cellular Numerical Reservoir

e Ve M 0 Modeling Modeling Simulation

8 10
CO, Storage

Resources ' Global
Literatures

Classification Collaboration
(SRMS)

Augmentation
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Current results

e Seismic-based regional assessment (DeAngelo et al, 2019)

* Volumetric-based CO, storage resources assessments of 10-L site “trap
layers” (Fifariz, Postdoctoral fellow, in DeAngelo et al, 2019)

* High Island 24-L and 10-L sites characterization and geo-cellular modeling
(Ruiz and Ramirez-Garcia, MS students)

* Log prediction using multi-attribute transforms and neural network (Feng,
Postdoctoral fellow)

* Predicting CO2 plume migration using machine learning (Zhong, Postdoctoral
fellow
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Gulf Coast Carbon Center

Texas Louisiana

—_—z

et 1)
5 L &
& B

&
0‘{\ |:] 3D P-Cable Survey
= 2D Lines
115 Miles [ ] TexLa 3D Merge Seismic Survey
185 Kilometers [ ] Publically Available 3D Seismic Surveys

35 Miles
56 Kilometers

Results:

e 292 faults

* 7 horizons (SS-based, Maximum Flooding Surfaces-MFS and Sequence Boundary-SB)
e 7 time structure maps

* 7 depth structure maps

* Velocity models

* Seismic attributes (semblance, RMS amplitude, isopach, etc.)

8 Kilometers

Regional Seismic-based Assessment
& Published in 1/GGC, Feb 2019 issue DeAngelo et al. (2019)
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Generalized Stratigraphic Column (Offshore TX)

MFS04/05

c

Y Deltaic sand reservoirs (?)

o

S MF

= S08

@

©

7§ Amph-B shale Regional Seal
MFS09 Structural/stratigraphic/combination traps

Q _ _ Reservoir interval:

@ Deltaic sand reservoirs 5,000 — 7,500 ft

é’ (1,500 m — 2,300 m)

< Approx. 750+ m

) .

3 Deltaic sand reservoirs th’CkOC{ ——

= MES10 aggradational ss

MFS picks on TXLA area based on lulia Olariu’s work
Based on Dave Carr’s work in the south (Offshore OBS)
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!

Isopach MFSO8 - MFS09
(Seal interval)

RMS
Amplitude

High Sand-dominated

Thickness

(m)

78

35 Miles
56 Kilometers

Mud-dominated

Low

Top MFS09 Depth Structure Map
- Closures identification

35 Miles
| 56 Kilometers

427

—z

Isopach MFS09 - MFS12
(Reservoir interval)

Structural

Thickness

Structure
305 (m) Closure High_l
_ Fault Polygon
35 Miles - p - . .
56 Kilometers 1737 35 Miles
56 Kilometers Low-
Re gl ona | Se | SM | C- b ase d AS sessment Structural closures were identified on the depth structure map

of the top reservoir interval or bottom regional seal (MFS09) DeAngelo et al. (2019)
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Potential Closures
Within 10-L Site
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i Reference Well
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3268000 —

CO, storage resources estimate for 10-L site trap layers

] T ——— based on this volumetric-based method is
5 km lsmarmmmell approximately 50 MT CO,
40'.‘:000 ‘ | I I 40:’:000 I

CO, storage resources estimation of 10-L site trap layers
(stacked storage) Fifariz (Postdoctoral Fellow) in DeAngelo et al. (2019)
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Area of investigation: 11.3 x 11.4 km (7 x 7 mi)

~750 m thick

High-Island Block 10-L Site Characterization ==eEaa

Omar Ramirez-Garcia (M.S. Student)
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Interest E

§ b 7000

Top Amph B Shale

Bot Amph B Shale

~750 m thick

HC Sand

Seismic is removed (proprietary)

High-Island Block 24-L Site Characterization Izaak Ruiz (M.S. Student)
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3D Grid = 14.5 x 12 km (9 x 7.5 mi) High-Island Block 24-L Geo-cellular Modeling
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l. Impedance inversion

4 N

Seismic S Attributes Il. Log prediction

o

o
Multi-

attribute S NN training EES%
transforms

Compute
porosity
volume

NN

validation

Resample \/‘ k /

logs

Well logs

Log prediction using Neural Network Workflow

Ye Feng (Post-doctoral Fellow)
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View 2 Color Data: computed_Porosity_E18N1_W518 Porosity
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15 days 300 days

15 days 45 days 75 days 105 days 150 days |‘" 240 days 280 days 320 days 380 days
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Residual

Input: Reservoir Properties-Permeability Advantages:

Network: Deep Convolutional Neural Network e High Accuracy: This network have high accuracy for CO, saturation prediction

Output: CO, saturation (CO, Plume) * Cost effective: Predict the CO, saturation within very short time (~1 seconds)

lume prediction n machine learnin
CO, plume p ediction based o achine lea 5 Zhong & Sun (Under Review: Water Resource Research)
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Summary

Current results include progress in:

* Using large set of 3-D seismic data for regional seismic-based CO, sequestration
assessment

* Estimating volumetric potential of trap layers (stacked storage) in aggradational
sandstone package

* Conducting detailed characterization of storage sites within a complex
e Conducting geo-cellular modelling based on detailed reservoir characterization

. Usingbmulti—attribute transforms and neural-network as a tool to predict porosity
distribution within interval of interest

* Using machine learning to predict CO, migration

— Future work:
* Basin-scale regional earth modeling
* PaleoScan geo-modeling and seismic-based stratal slicing
* Regional petroleum system analysis, collaboration with GBDS

TL
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CHANDELEUR ISLAND
SURVEY AREA
OFFSHORE LOUISIANA

Investigations of carbon storage potential

MARCIE PURKEY PHILLIPS, PENELOPE PARR & JON VIRDELL
University of Texas Institute for Geophysics
Gulf of Mexico Basin Depositional Synthesis Project

ENERGY

INSTITUTE FOR GEOPHYSICS
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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 of responsibility for the
accuracy, completeness, or usefulness of any information, apparatus,
product, of 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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About the GBDS

e “Gulf of Mexico Basin Depositional Synthesis”
* Part of The University of Texas Institute for Geophysics (UTIG)
* Ongoing, industry-supported project

* Research the depositional history & framework of the GoM &
provide a comprehensive synthesis of the Mesozoic & Cenozoic fill
of the GoM with the intent to better understand reservoirs

* Results updated & distributed regularly as a digital database

 https://ig.utexas.edu/energy/gbds/
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Objectives of the GBDS for GoMCarb

* To contribute resources from the GBDS database for the success of
GoMCarb project objectives

* Assemble, integrate and assess publicly available geologic data
(e.g. biostratigraphy, well logs and regional & local seismic) with the
GBDS regional database to characterize offshore storage resource
potential in the Chandeleur Island 3D seismic survey area.
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Objectives of the GBDS for GoMCarb

* Interpret stratigraphic boundaries & faults through the Cenozoic
* |dentify potential traps/seals
* Estimate porosity (data permitting)

* Interval of interest is the Miocene
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GoMCarb & Chandeleur Island study areas (SA)

GoMCarb in Blue; SECarb in yellow; Chandeleur circled in red
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Chandeleur Island
3D Seismic SA
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Political Location

State Waters
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Geologic Setting

 Bound by MS and LA coasts (N & W),
Chandeleur Islands (E) and the
Mississippi Delta (S)

e SA bisected by NW/SE trending Albian
Shelf margin (extensive faulting)

Chandeleur

 Northern half on continental shelf - T .
low-relief stratigraphy w/little-no e | -
faulting

e Southern half dives into a region of
Isolated salt canopies and mini basins






Tectonic Provinces Map

GBDS Phase XI
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Mid-K
Louann
detachment

canopies
and
minibasins
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Tectonic Stratigraphic
Provinces

Middle Cretaceous Louann detachment
I Paleocene-Eocene top Cretaceous detachment
Paleocene-Eocene Louann detachment
[ vicksburg shale detachment
] Eocene primary diapirs and minibasins
ligocene-Miocene canopy extensional detachment
I oiigocene-Middle Miocene canopy fold belt
Perdido fold belt
[ Sub-canopy Perdido fold belt
[ isolated canopies and primary minibasins.
[ Plio-Pleistocene roho systems
I Neogene primary diapirs and minibasins
[ Mississippi Fan - Atwater: Keathley-Walker fold belt
[ sub-canopy Mississippi Fan - Atwater: Keathley-Walker fold belt
Neogene canopies and minibasins
I Keathley Canyon nappe
- Extensional top Miocene detachment
I Late Neogene Quetzalcoat extensional detachment
Neogene contractional Mexican Ridges fold belt: Paleogene detachment
I ~negada-Los Tuxtlas volcanic province
Catemaco fold belt: Paleocene-Eocene detachment
[1777] Neogene extension and salt stocks, canopies, and minibasins
[T Pilar de Akal contractional fault system
Macuspana extensional system
I campeche diapirs, canopies, and salt inflation
| Campeche-Yucatan szlt roller subprovince
I vucatan diapir salt complex
[] Tuxpan Piatform
jeracruz Miocene compression and inversion
", Area of allochthonous carapace basins carried in canopy
—++— Canopy Suture
Holocene Structural Features
Anticline Astrobleme Thrust fault

Syncline Normal fault

7 Salt body

N
T
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Existing map derived from published data

+ Updated distal fold belts (Atwater and
Keathley-Walker) based on Hudec et
al. (2013)






: : T frreirad BurEAU OF NATIONAL
GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX GCCC Econowic ¥ TECHNOLOGY
L;Af Coast Carbon Center sEOLOGY

Local Geologic Cross-Section
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Seismic data courtesy of ION ":}‘»;;‘:,1
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Difficulty with Data

» State vs. Federal data archiving standards
e Submission requirements
* Organization

* Vintage Data 1970’s - 1990’s

* Lower resolution
* Down hole logs originally raster data

e 3D seismic data delivered in time, not depth
 GBDS data in depth
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(Created by Penelope Parr)

* Insufficient log data available == =V
to create a velocity model -

* Created by utilizing interval
velocity data from 3 ION
GuIfSPAN lines intersecting
survey area

* Low-resolution data means the &4
model isn’t perfectly aligned,
but overall, the conversion is a
proximate fit to existing
biostrat tops

West to East interpreted velocity model with section & wells and tops
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Biostratigraphic Data
for well correlation

* Blue - Drilled wells

* Yellow - Wells with biostrat reports
(PDI)

L

s
H‘Q © oe,
%o so st ¥ 0

oil & gas accumulations despite R K AP

* *Area is largely devoid of significant
0®

number of wells - failed top seals?
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Biostratigraphic Data
for well correlation

* Blue - Drilled wells

* Yellow - Wells with biostrat reports
(PDI)

 Green - Wells with applicable data
(through Miocene)
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Biostratigraphic Data
for well correlation

 Green - Wells with applicable data
(through Miocene)

e Caveats:
e Distant from ION lines

* Biostrat from “green wells”
predominantly based on benthic forams

* Modern biostrat predominantly based on
planktonic forams and calc. nannos
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B D Stratigraphic Correlation Chart |
Gulf of Mexico Basin
Version 23, Dec 2017 (GBDS Phase Xl)
GBDS

Stratigraphic [ERESca-—N-——agwa.
Correlation o
Chart ] B - -

rasfi
—| Tnguefrorhabdulus: milowi
Globorotalia peripheroronda

Amphiztegina B*,
Heficosphaera amplaperta (13.58)
Marginuling ascensionensis A*

00fs (mfs) | Sphenolthus belemno
_500fs (mfs) Triquetrorhabdulus carinafus (18.07)

Ch2_400fs (mfs)

>h1_400fs (mfs) Sphenolithus predistentius
Ru3_500fs (mfs)

RuZ2_500fs (mfs)

Rul_800fs (mfs)

Hanthenina alabame:
Twboroialia cermoaz
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Interpretation to-date

* 6 stratigraphic horizons
e Cretaceous through top of data

* Correlated to nearby wells, previously
interpreted by GBDS

* Grids created for each horizon
* GIS contour grids created for each horizon

* Fault interpretation in progress






Partnership for carbon capture NATIONAL

GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX msEE IGCCC ) Bomone e

ﬂf Coast Carbon Center ; '”;‘,‘ GEOLOGY LABORATORY

Stratigraphic
Interpretation

SEI 'Seismic data courtesy of SEI |
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GIS

e Grids exported from

Decision Space to create
GIS contour maps

]
']
o
=
A
'
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Faults

* Interpretation in
progress

 SA moderately
faulted

* Notable faulting
through the
Miocene
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* |dentify traps/tops seals = =
(emphasis on the = 4 T S
Miocene) g o s |

* |deally like Petronius VK
786 (Chevron)

* Estimate porosity (data
permitting)

Middle Miocene SS reservoirs

Trap is a pinchout of Miocene SS
onlapping onto Cretaceous shelf margin
Little or no faulting

Figure 2 — Petronius J1 sand top structure map
From Li, et al. 2013, OTC 24111
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Thank You.





		Slide Number 1

		Disclaimer:

		About the GBDS

		Objectives of the GBDS for GoMCarb

		Objectives of the GBDS for GoMCarb

		GoMCarb & Chandeleur Island study areas (SA)

		Chandeleur Island 3D Seismic SA

		Political Location

		Geologic Setting

		Tectonic Provinces Map

		Local Geologic Cross-Section

		Difficulty with Data	

		Velocity Model�(Created by Penelope Parr)

		Biostratigraphic Data �for well correlation

		Biostratigraphic Data �for well correlation

		Biostratigraphic Data �for well correlation

		GBDS Stratigraphic Correlation Chart

		Interpretation to-date

		Stratigraphic Interpretation

		Grids

		GIS

		Faults

		Future Work

		Thank You.




GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX _

COMMUNICATION
INITIATIVES

Recognizing that carbon storage takes place in a social setting

The University of Texas at Austin
Task 6 | —

HILARY OLSON \ =
- - 2 ENERGY
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the ENZRGY lab

Involves proactive community engagement

BEST PRACTICES for:

Public Outreach

and Education for
Carbon Storage Projects

10 best practices highlighted by DOE

NATIONAL ENERGY TECHNOLOGY LABORATORY

DOE Best Practices
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Effective Public Outreach

1. Integrate Public Outreach with Project Management
2. Establish a Strong Outreach Team

The University of Texas at Austin Lamar University
Pet. & Geosystems Eng. Chemical Engineering
(Hilary Olson) (Tracy Benson and team)

Bureau of Economic Geology
(Sue Hovorka, Emily Moskal)

Advertising & Public Relations (Communications)
(Lucy Atkinson, LeeAnn Kahlor, post-doc Rachel Lim)
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3. ldentify Key Stakeholders
4. Conduct and Apply Social Characterization

Build on Previous Foundational Work

Stakeholder Relationships + Survey of g70 adults in 8 counties

2 Kahlor et al. (in review) 1JGGC

2 GOMcarb
Focus Groups (summer 2019)
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Effective Public Outreach

5. Develop Key Messages

GOMcarb

el Results - Focus Groups (summer 2019) + Survey of g70 adults in 8 counties

boia oo ¢ Kahlor et al. (in review) JGGC

Messaging Survey (fall 2019)

3

Develop Messages - Outreach Materials
Communications Plan






		Slide Number 1

		Effective Public Outreach

		Effective Public Outreach

		Effective Public Outreach

		Effective Public Outreach




GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX _

GOMCARB
INFRASTRUCTURE
GROUP OVERVIEW AND

STATUS

DARSHAN SACHDE, PHD
JOE LUNDEEN, P.E.

RAY MCKASKLE, P.E.
Trimeric Corporation
Task 5 |

ENERGY
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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 necessatrily
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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Presentation Outline

* Trimeric Overview and Background
* Infrastructure Task Overview

* Previous Work and Background

* Progress to Date

* Planned Next Steps
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Trimeric Overview and Background

* We provide Chemical and Process Engineering services to
industry, government agencies, and consortia
* We do not represent any equipment, process, chemical suppliers
* We are unbiased advocates for our clients

* 18 Chemical Engineers on regular, fuII—’ume staff 7 Senlor
Associates VLD & 9

* Founded in 2003 &
* Austin / Buda, TX location






* Provide CO, Process Expertise
from the Source to the Wellhead

* Process design and techno-
economic evaluation of CO,
processing and transport
facilities

* Industry liaison to generate
Interest/awareness for GoMCarb
activities

* Project lead for larger
infrastructure team

oo GCCC gi;i EU ravor [N [NATIONAL
= - CONOMIC
o B G |TL|msmsesy

% $20 MM, 8,000 hp CO,
> | Compression System for 1
yAS MMtonne DOE Saline

3 8 ; o ,. - . . : .,r..r*g i ] | / ‘ Storage T€St
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CO, Sources CO, Processing CO, Transport

Offshore
Platform

Saline
Depleted Gas Field
EOR
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Task 5: Infrastructure, Operations & Permitting

* |dentify/evaluate existing infrastructure (pipelines, wells,
platforms) for re-use

* Feasibility of subsea templates in GoM

* Risk assessment of early stage CO,, transport operations
(truck & barge)

* Generate source-transport-sink networks for scenario
optimization

* Use analog sites (e.g., High Island area) to develop methods
and analysis
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Leveraging Previous Work

CarbonSAFE Phase | with UT BEG
* |dentified/screened potential CO, sources along upper-Texas coast

* Developed initial network of industry contacts

* Preliminary assessment of land-based CO, transport costs (i.e.,
trucks/tube-trailers)

* Brainstorming for CO, transport risks
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Leveraging Previous Work: CO, Transport Risks

Typical CO, Transport Conditions

Transport Method Transport Volume/Vessel Size . Failure Methods, Scenarios, Considerations
(Approximate Only)
e , Leak/Breakage of pipeline
4” Pipeline . Pressure =2000 psig , , .
o , Corrosion (e.g., cathodic deficiency)
Pipeline 100K tonnes CO,/yr continuous | e Temperature = 70°F , ,
. Typically no more than 10 miles between automated shutdown
transport o Supercritical/Dense Phase . , ,
valves (isolates volume of CO, lost during failure)
Loading/Unloading Failures (loss of a single truck volume or
) storage tank volume on site).
. o Pressure =250 psig _ .
Refrigerated Truck Truck transport accident (loss of single truck volume)
20 tonnes CO,/truck e  Temperature = -10°F , , ,
Transport Note: Multiple trucks & trips required to transport CO,. Increases

o Saturated Liquid

probability of failure.
Risk of dry ice formation/rupture

High Pressure Tube
Trailer Transport

8 cylinders/truck

83 ft3 per cylinder

68% liquid full cylinders
10.5 tonnes CO,/truck

o Pressure =760 psig
o Temperature = 60 - 65°F
o Saturated Liquid

Loading/Unloading Failures (loss of a single cylinder volume or
storage tank volume on site).

Truck transport accident (loss of single truck volume)

Note: Multiple trucks & trips required to transport CO,. Increases
probability of failure.

Barge/Ship Transport

~100K — 1MM ft3/ship
Cylindrical tanks: 100 ft3 — 200k
ft3 can be carried

1000 — 20,000 tonnes CO, /ship

e  Pressure =100-400 psig
o Temperature = -60 - 0 °F
o Saturated/Subcooled Liquid

Loading/Unloading Failures (loss of a single cylinder volume or
storage tank volume on site).

Leak of single transport vessel

Risk of dry ice formation/rupture
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Leveraging Previous Work: CO, Transport Risks

Typical CO,
Transport _ _
Transport Transport Failure Methods, Scenarios,
Volume/Vessel . _ _
Method Si Conditions Considerations
ize
(Approximate Only)
o e Pressure =2000 |e Leak/Breakage of pipeline
e 4" Pipeline _ _ _ o
psig e Corrosion (e.g., cathodic deficiency)
e 100K tonnes , ,
o e Temperature = e Typically no more than 10 miles
Pipeline CO,lyr
_ 70°F between automated shutdown
continuous . ,
ransoort e Supercritical / valves (isolates volume of CO, lost
P Dense Phase during failure)
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GoMCarb Progress

o Preliminary analysis of offshore pipeline costs

o Identified existing wells and pipelines in High Island Block 10-L region
(analog site)

o Interviewed industry experts to develop existing infrastructure assessment
method

0 Expanded CO, source list across Texas coast

o Developed near-term project schedule, data needs assessment, and action
item list
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GoMCarb Progress

o Preliminary analysis of offshore pipeline costs

o Identified existing wells and pipelines in High Island Block 10-L region
(analog site)

o Interviewed industry experts to develop existing infrastructure assessment
method

0 Expanded CO, source list across Texas coast

o Developed near-term project schedule, data needs assessment, and action
item list
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Partnership for carbon capture
& offshore geologic storage

GoMCar

Gulf Coast Carbon Center
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GoMCarb Progress: Offshore CO, Pipeline Cost

Unit Cost of Pipeline (2018 USD/inch-mile)

$250,000

$200,000

$150,000

$100,000

$50,000

Offshore Unit Cost
‘m (2018 UsD/in-mile)

o

LI
B

8" Offshore Pipeline
Capacity = 1Mt/year CO,
Onshore Cost from CMU Cost Model
Offshore/Onshore Cost Factor = 2

10 15 20 25 30 35 40 45 50

Pipeline Length (miles)
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GoMCarb Progress: Offshore CO, Pipeline Cost

$250,000
. N
=2 \
E \
S \
£ $200,000
-é_ \
s ]
- ~ “ Offshore Unit Cost
x w _ (2018 USD/in-mile)
= Yy
—l —

Offshore/Onshore Cost Scaling Factor:

o

o

Range from 1.4 - 14
Important source of uncertainty

o Offshore N.G. pipelines up to $450k/inch-mile in literature

Unitg

ifshore Pipeline
Capacity % 1Mt/year CO,
Onshore Cost freth CMU Cost Model

Offshore/Onshore Cost Factor = 2

$50,000 A
0 5

10 15 20 25 30 35 40 45
Pipeline Length (miles)

50
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GoMCarb Next Steps

* Expand existing infrastructure “database” to include platforms,
other regions within GoMCarb

* Use literature review and interviews with experts to determine
“consensus” views on infrastructure re-use

* Develop and apply screening methodology for infrastructure re-use

* Engage industry stakeholders in region (e.g., LNG facilities) to
gauge Interest
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MODELING CO., STORAGE AND
MIGRATION IN HETEROGENEOUS
SALINE FORMATIONS

In Support of Risk Assessment and Mitigation Strategies
(Task 3.1)

QUANLIN ZHOU + CURTIS OLDENBURG ENERGY

Lawrence Berkeley National Laboratory |
Task 3.1. Risk Assessment and Mitigation Strategies
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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, 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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Multiscale Channeling of CO, Flow at Cranfield
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diffusive fracture-matrix transfer: Application to storage of dissolved CO, in fractured rocks.
Water Resources Research, 53(2), 1/46-1762, doi:1 .1002/2016WRC§19868.

 Zhou, Q., Oldenburg, C. M., Rutqvist, J., & Birkholzer, J. T. (2017). Revisiting the fundamental
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Preliminary Simulations of an
Onshore and Offshore CO, Well Blowout

Curtis M. Oldenburg
Lehua Pan

February 11, 2019
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Introduction

« LBNL has experience and capability in simulating hydrocarbon well blowouts

 We use LBNL's T2Well code to couple reservior and well flow
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We used T2Well to estimate the 2010 Macondo leakage rate

(a) Conceptual Model
BOP

sea floor

5.5 inch drill pipe
3.5 inch tubing

Well open to
reservoir via failed
casing.

—»| — B.625 inch casing

4,054 m

4+— 6.094 inch casing

L~

Reservoir (M56)~<

shoe —>™

PBOP" T

(b) Model Flow System

varying Pggp

(13,300 ft)

Well open to
reservaoir via

seafloor
3
Variable BOP Simple TOUGH2
constriction EOS for oil and gas
specified by for reservoir and

wellbore fluid
properties

1D wellbore flow
by drift-flux
model

2D radial (RZ)

reservoir flow
ConstantP
atR=10km

variable well

screen length
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Effects of unknown properties of the system can be
investigated by modeling with T2Well

Effects of size of opening in damaged well and effects of

gas exsolution in the wellbore for various BOP 120000 1 — 350
ressures. s 3 5
p 110000 f Josg .
_____ n Qil Rate (Two-Phase) = — 300

100000 = . —

120 350 B =038 1
k. . & —
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Oil flow rate is also sensitive to the pressure at the bottom of the

BOP, with gas exsolution moderating oil flow for lower Pggp. .
(Oldenburg et al., Proc. National Acad. Sci., 2011).
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We used T2Well to understand why the 2015 Aliso Canyon
underground gas storage well blowout was hard to kill

_-\?f.f'és;_\;l‘l;";~ Bl g
ortersranch-leaki /e

http://ktla.com/2016/02/18/socaligas-p
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The SS-25 well at Aliso Canyon had a complicated flow geometry that
made it difficult to accumulate kill fluid in the bottom of the well

Presumed 1 50 60
hole in casing 1100 bbl top-kill E
440Ht—— + » —_ .
3 11-3/4in © Leakage(
_1 5 . w— ] ge(gas)
990-ft— E surface casing T} . Injection(liq) | ’('n\
3 —
& 7in production casing E [ | = = = = Leakage(liq) —40 O
/ é ] N \x_r
2-7/8 in production tubing 1 00 "]
6500 ft — % " g
7 cement — o
/ n W=
3 n L)
Tubing perforation 2 1 g
EZSV Plug 8393 ft = 1 <
e3sim | | ] ! o
. No slots are on the gas- ()] 50
8391t _ _ _2668m— —————— F _—" liftmandrel (MMG) 8397 ft © | . S
____ Camco2-1/2in SSSV 8451 ft** 'g_ —— == 0 g_
__— Otis “XN” 8472t n E 5
<—__ Water Shut Off (WSO) ©
8486 ft — —[—258FM———————- st o
_— Tubing tail 8496 ft , A
8510 — —|—ymeqm——— ——— 0 . . . . . . . . . . . -20
Perfs 8510-8559 ft 0 200 400 600 800
top of liner 8559t ————————————Z75 T Time since injection started (min
shoe @ 8585 ft — — |- 2647m—— —— — | ! Water Shut Off (WSO) ) ( )
) | 8583 ft
: 5.5in liner, 120 mesh, slotted 8592-8748 ft
TD 8749ft - — — 2667 —— ——— —— !

* 1100 bbl top-Kill — the well lays down
. , , briefly after 1100 bbl of fluid are
Pan, L., Oldenburg, C.M., Freifeld, B.M. and Jordan, P.D., 2018. Modeling the Aliso Canyon
underground gas storage well blowout and kill operations using the coupled well-reservoir injected and then eru pts Iike a geyse r. 6

simulator T2Well. Journal of Petroleum Science and Engineering, 161, pp.158-174.
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Offshore CO, wells have overpressure at wellhead
provided by the water column

i T

https://hub.globalccsinstitute.com/publications/assessment-capture-and-storage-potential-co2-co-produced-natural-gas-
south-east-asia/22-sn%C3%B8hvit 7
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Progress for GoMCarb

For GoMCarb, we simulated onshore and offshore blowouts of a CO, injection well
The purpose of the study is to understand dynamic multi-phase non-isothermal flow
phenomena in CO, wells to inform risk assessment studies

Scenario consists of a vertical CO, injection well of 3050 m length

At time zero, a surface pipe is breached producing a 2-inch diameter hole

Onshore, CO, enters ambient air at 0.101325 MPa and 22.78 C

Offshore, the blowout is into the water column at a depth of 50 m
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We simulated a blowout for the same well-pipeline
combination in onshore and offshore environments

Seasurface

i

T=2278°C e Well detail
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Total CO2 leakage rate (kg/s)
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E 24
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The CO, blowout flow rate at the 2-in hole is very large early and then plateaus.

The onshore and offshore scenarios are very similar in flow rate and AP.

10
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The overall leakage is dominated by gas-like
CO, after a short period (~0.1 hour) of two-
phase CO, (gas and liquid) conditions, the
liquid CO, arising from decompression
cooling.

Note there is also a small amount of aqueous
phase that travels up the well dissolved in
CO, which then exsolves near the hole.

The first-order conclusion of our simulations
as shown is that the blowout flow rates for
the onshore and offshore scenarios are very
similar.
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Conclusions

» The simulations show that the overall CO, leakage rates are very similar for the
onshore and offshore scenarios

» Subtle differences in flow rates of various phases arise from differences in pressure at
the leakage point.

» Overall, the main differences between onshore and offshore CO, blowouts are
expected to arise mostly after discharge due to differences between how CO,
disperses in ambient air versus in the water column
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Sea water column provides overpressure and a vast
heat and mass reservoir that affects leaking CO,

il

%
| e

CO; cloud at low level on the surface

Y

iquid |"'|E

O leak

GO, pipeling
https://hub.globalccsinstitute.com/publications/hazard-analysis-
offshore-carbon-capture-platforms-and-offshore-pipelines/37-hazards-

associated-co2-releases 14
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Wellhead temperature drops quickly at the
start of leakage and then recovers quickly
from heating of the surface pipe by
conduction from the surrounding air or
seawater after liquid CO, disappears.

The temperature at the wellhead is slightly
higher in the offshore case than in the
onshore case because the back pressure at
the LKS is higher in the offshore case which
leads to less expansion cooling.

Saturation of gas-like CO, increases slightly
faster in the onshore case than in the
offshore case most likely because the
pressure is slighty lower in ambient air versus
at 50 m water depth.
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Properties of the two cases are identical except
for wellhead and wellbottom pressure

Table 1.Well component dimensions. § Table2, _ _
Model element Value Reservoir Properties
Surface pipe ID =0.10556 m (5 inch tubing), horizontal, with hole located 10 m away Thickness 50m
from the wellhead Depl;h. of lowermost cap rock 3000 m

- _ . . - Porosity (¢) 0.20
Tubing ID =0.10556 m (5 inch tubing), vertical, (0-2900 m) Permeability (%) 10x 102 m?
Casing ID =0.2205 m (9 5/8 inch casing, 0 —3000 m, simulated 2900-3000 m) Compressibility of reservoir formation 8.5 x 1010 pal
Liner ID = 0.15037 (7 inch liner, 3000-3050 m from surface or seafloor, Thermal conductivity of reservoir 2.50 Wi({m K)

petforated)

Break in pipe (hole in pipe)

Effective TD =0.0508 m (2 in) (10 m away from the center of well)

Tubing and pipeline wall roughness

45.72 x 104 m

The coupled well-reservoir system is simulated using
T2Well which models flow in the well using a three-
phase drift-flux model and flow in the reservoir by
multiphase Darcy’s law.

Pan, L., and C.M. Oldenburg. "T2Well—An integrated
wellbore—reservoir simulator.” Computers & Geosciences

65 (2014), 46-55.
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saturated reservoir formation?

Heat capacity (C'p) of saturated
Teservoir

1000 Ti(kg K)

Capillary Pressure (P,,,) and Relative

Permeability (k)

Terminology:

m=1-1/n=power in expressions for Py and
ey

Sar = aqueous-phase residual saturation

Se= gas-phase residual saturation

Pop = capillary pressure strength between
aqueous and gas phases

FPymay = maximum possible value of P

van Genuchten! P, and k, with
Corey? relative permeability for
gas

mye=0.457

Sy =0.30 for Py, 0.36 for k,
Sy =005
Pp=125%x10*Pa

P =1 %107 Pa

Initial pressure

29.53 MPa onshore case;
30.03 MPa in offshore case

Initial temperature

1389 C
Geothermal gradient 38.39 C/km
Onshore land surface 7= 22.78 °C;
Offshore seafloor 7= 22.78 °C

Initial saturation

0.1 aqueous saturation;
0.90 CO; saturation

lyan Genuchten (1980)
Corey (1954)
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TOWARDS INTEGRATED SEISMIC MVA
FOR NEAR-SHORE GCS:

DAS + PERSISTENT SOURCES
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Lawrence Berkeley National Laboratory,
Earth and Environmental Science Area
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MVA Challenges in Shallow Offshore Environments

i

Deep Seismic CO2 Escapes ...

Iniectlon Monitoring Source i i
Well Well | 4 Z
& S
Permanent 5 /
Borehole Sensors
~
//\\X\
MEQs \\
.\\ J \
coz | g |
Borehole _,'\é'u ’—| /
Seismic Source B
[A] Plume Extent [C] Leak Conduit

I [B] Internal Saturatiorll [D] Region of Escaped CO2

Total Pllllme Mass?

Challenges for GomCARB include ....

Need to consider deep CO, movement (reservoir),
intermediate/shallow leakage, seafloor expression, and
water column (+ pipeline?).

All'in the context of a petroleum province with a
dynamic seafloor, abundant natural gas seeps, storm
impacts.

Expensive wells (& completion ops) suggests less
dependence on borehole monitoring beyond injector.

Seafloor environment hostile to traditional long-term
sensing (as well as costly), particularly for high sensor

densities. Consider maintenance.

Need to monitor seafloor and deep subsurface without
direct access besides shallow draft vessel and ROV.

One plus : Marine 4D simpler/high S/N than land.
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Distributed Acoustic Sensing [DAS] is a rapidly advancing approach for measuring the
seismic wavefield using commercial fibers (SM, telecom)

Easy to deploy in wells, behind casing, seafloor, 1000s to 100,000s of channels available
(big data) over 10+ km

Very low cost per "sensor” : $/ft for cable

Rugged : handles high/low T, high pressures, aquatic environments.

éanpnona clamp hydraulic line
@ Hybrid copper fiber-optic cable

Geophone TEC

Once fibers are there, other sensing modalities simple (DTS, DSS etc).

! ‘1 .y
LBNL Strengths : unique deployment packages, cable modifications, system integration, @ \_J @

application domains, processing & inversion strategies.

y \
Tube-in-tube U-tube sampler Coax P/T monitoring cable

For GCS: Daley et. al. 2016 (Geop Prosp.), Miller et al. 16, Daley et.al. 2013, (TLE)
Past LBNL deployments at
Citronelle, Aquistore, Otway, CaMl,
ADM for VSP (ADM only surface
test, rest are borehole)

20186 Virator; IDAS channels 1485 to 22951
. 4 T T

840
950

1110
1240
1350

Standard single-mode optical fibre

,,,,, 1510
8
1600

Acoustic field

ol

Backscattered light provides GomCARB:
measurement point every 1m * First time we are considering

= 2030
£ 2005

82180
[a]

.... 1m pulse of light offshore = i %;_ =
""" N— *  First exploration of seabed | | ==
Courtesy of Silixa * First exploration of shallow/deep _ :E§ —
imaging combined l v, S - - === -

| I | I J
250 500 750 1000 1250 1500 1750 2000 000 Northing (m)
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Two New(ish) Technologies for MVA : DAS & Persistent Seismic Sources

Large permanent seismic arrays (DAS) require sources (!). CASSM -
* Need matching high-temporal resolution measurements in the field.
*  For MVA, need sources to illuminate both deep (reservoir), near seabed, and water
column perturbations.

Continuous Active Source Seismic Monitoring

Fixed repeatable source & receiver array. LBNL has
worked on piezoelectric and rotary source designs

Seismic . _
o Gather . lemporal ResoIE'.cl{on (< 5 min)
Fixed recise repeatability (~10 ns)
Receiver * Stacking -> Excellent S/N
Array * Real-time Acquisition

* Borehole & surface sources.

E—
I B Fixed
t I 1 Seismic P Mao i A e Deploymentto 10,500 ft & 120C
i . f\ Source mm * Largestdeployment22Sx72R
' B [ ) * Moving towards real-time seismic tomography
- : s Yo A A VY
b | ) L i
13 = " ..r.“\mm.”,w : :
1 \ Hydrophone EESA developed and fielded at 12+ sites to date.
- / array [ | GCS tests at Frio 2, Cranfield Phase 3 (borehole), Otway, ADM
_ ‘ ______ — AWM (surface) [Daley et al. 2007, Daley et al. 2011, Marchesini et al.
w— - ;— h "ﬂ} 2017, Zhu et al. 2018, Zhu et al. 2019]
S -7 GomCARB :
Custom Changlng . .
piezoelectric Fluid . JA *  Opportunity to consider water column broadband sources
borehole source Region omoma o *  Mount near platform for combined surface (shallow/deep)
[Daley et.al. 2007] sscaloosa D Time (s) and VSP monitoring?
| andstone, . . .
Injection Gbsevation - g4 Mo * Provide time points between 4Ds

Well well
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Concept:
Integrating DAS + Marine Persistent Sources (CASSM) Near-Offshore MVA

* Use DAS on the seafloor (and wellbore) as linear seismic array for imaging
* Near-surface anomalies (CO, leakage), Deep subsurface (CO, migration) & microseismic
* Noise from relevant processes (bubble emission etc).
* Replaces OBS or seafloor hydrophone deployments.
* Better time resolution than repeat streamer surveys, much cheaper than LoFS using cabled OBS. Also permanent receivers for 4D
[note : technology also has a potential role for pipeline monitoring in future tests]

Injection
* Use fixed seismic source in the water column for high il

repeatability imaging (Marine CASSM

: : o [ Persistent Source A A
* highly repeatable timelapse monitoring of the near- . <-'S, <-'S,

seabed sediment, water column, and deep subsurface.
* Considering novel swept source with resonance for
combined reflection/transmission/VSP.

* Combined system for seismic MVA with high (minute)
time resolution in marine environment

* Unique aspect is combination of shallow (leakage) and
deep (reservoir) targets.

* Challenges are understanding deployment challenges for N
system elements Seismic Source

Transmissive
Fault
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LBNL MVA Tasks (5 years)

Task 1 : Design and Modeling Stage
Design and modeling of the proposed source & integrated source/DAS system in a marine environment for CO, leakage tracking.

Task 2 : Source Construction and Laboratory Tank Testing
Construction of prototype source/tank tests. Evaluate for (a) water column, (b) near-seafloor, and (c) deep subsurface imaging
targets.

Task 3 : Analysis of Seafloor DAS Dataset
Analysis of a DAS dataset acquired on an existing seafloor cable to examine noise characteristics and response in a near-shore
environment. (datasets of opportunity!)

Task 4 : Broad MVA Support
Collaborate with TX BEG more broadly to develop fit-for-purpose monitoring suited for the near offshore environment.

Task 5 : Design and Execution of a Shallow Water Field Test
Near-offshore field test. Similar water depths to pilot. Possible short N, bubble release along a DAS profile illuminated by the
persistent source, designed to test monitoring (a) near-seafloor subsurface velocity perturbations, (b) acoustic noise from
release (c) changes in acoustic  transmission in the water column.

Task 6 : Evaluation of Fiber Optic Cables in the GoM Available for DAS
Our last task is evaluation of existing fiber optic cables in the GoM which might be leveraged for DAS recording as part of a near-
shore GCS monitoring network.

TL

NATIONAL

TECHNOLOGY
LABORATORY
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DAS on Offshore Seabottom Cables? " able DAS dotonet (it koo
rocessed for seismic.
~ww= 4 MBARI Evaluation Dataset (Task 3) P
Moss Landmg’ CA * Umbilical cable to MOBB - offshore
-122°12' —122°00 —121748' tethered observatory
37°00' ——— 37°00'

* Explore passive signals recorded with
m ~20km MARS cable with Silixa iDAS at

, I Moss Landing (MBARI headquarters)
\\\\ |
= S
MARS Cable \

\\\\\\\\\\ I -

Monterey Bay
Canyon, CA

Santa Cruz, CA

Elevation [m]

36°48' 36°48'

Collaboration
with MBARI :
\ Craig Dawe

MOBB
(NCEDCQ)

36°36'
-122°12' -122°00' -121°48'
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Detecting Seismicity Using Marine
Seabed Fiber & DAS?

%
£
'—
Cable Distance (km)
) ) [2 m channel spacing, 10 m gauge, 20 km array, 10 k channels, 5oo hz recording,
» Several on-shore EQs detected during short deployment. M3.4 in Densest OBS recording ever?]
Gilroy (~30 km). Also picked up several smaller (M2) events, same
hypocenter.
+ Signal cleaner than on-shore recordings for local events.
* Wave motion (primary/secondary microseisms) overprint — easily
removed.
*  Scattering features which may correspond to offshore fault systems? £

*  Will be a powerful tool for probing near- offshore fault systems &
potential induced seismicity.

-

e e i

v .
DN "

e e
o

Cable Distance (km)
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Oceanographic Process Observations via Seafloor DAS?

-122°12'

Surprisingly broadband (mHz to 100 Hz)

Signal of oceanic wave processes down to the mHz range (1000 s)

Can see microseism source behavior, infragravity waves (long

period swell groups).

HF noise which might be useful forimaging.

Storm & tidal signals.

A possible GCS target, seafloor bubble emissions

Ambient noise from platform another possibility, or deformation

MARS Cable DAS Array

—-122°00'

—-121°48'

—§ 37°00'

36°36'

Elevation [m]

Change in Strain [microstrain]

-5

—— MARS Cable, 4-4.2 km

e
... ’..
~——
® Qeeq

® Monterey tide gauge

Strain via
™ DAS

0 5

1

16 2 7 3 3
Hours after 2018-03-11 00:00

]

=
o

Wwater level [m

e
>

04

Frequency [Hz] Frequency [Hz]

Frequency [Hz]

icroseism source behavior

Hour of Experiment
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Moving Forward

* Initial seafloor DAS data seems to have potential for seismic recording
* Considering source & DAS cable design in the context of initial offshore DAS data (offset, install)

* Exploring options for acquiring offshore GoM DAS cable dataset for continued task 3 exploration (BP cable, other
options?)

* Developing persistent multi-purpose source design for water tank testing (Task 2)
* Considering DAS design in context of possible "model” pilot sites (e.g. High Island)

* Exploring ambient noise applications (both near-surface imaging & local noise analysis) for this class of data.
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Thanks For Listening!

This work was supported by the GoMCarb Project funded by

the Assistant Secretary for Fossil Energy (DOE), Office of —

Clean Coal and Carbon Management, through the National N:TL

Energy Technology Laboratory (NETL), and by Lawrence -

Berkeley National Laboratory under Department of Energy
Contract No. DE-ACo2-05CH11231.
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' il Development Program
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Ocean Bottom Seismometer Deployments
NSF 2016 OBS Pool = 247 (37% SP)

Cabled Observatories

European 2014 OBS Pool = 450 (71% SP) MARS Cable Lay|ng 2002 — 2007
OBS battery life = 14 month +/-6 month $11.7cM investment
Data Delay (seconds to months) 75

2 GB/s data transfer over 52km

Annual costs
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GEOMECHANICAL
HAZARD ASSESSMENT

JOSHUA WHITE
Lawrence Livermore National Laboratory
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Stanford University
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Overall Objective Specific Objectives
Develop a geomechanical hazard 1. Estimate potential deformation of
assessment for potential storage poorly-consolidated Miocene-age rocks

targets in the Gulf-of-Mexico

2. Refine understanding of how fault
bounded structures could respond to
injection

3. Make recommendations regarding
further characterization efforts and
geophysical monitoring designs
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Using High Island 24L as an analogue storage target

Specific enough to support detailed analysis, but underlying goal is regional
knowledge that may be transferred to other storage targets.

22 : : Type
33 & significant Units Well Picks oy
Seismic 1
Top Amph B Shale
18 Amph B Shale et kBt = S _
TS 1
152
z
79 o Interval of Interest
-
s ~1,500 feet 153
=
) T54]
=
3. 3 Bot ad
WESTY
19 MFS 11|
- HC Sand
»
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Work Packages

WP 1: State-of-stress characterization

WP 2: Rock property characterization

WP 3: Coupled geomechanical / compositional flow simulations
WP 4: Analysis and recommendations

A VAVAYAVAaV AN AT AVAYAVAVAVAYA sy v oo i ko & e uL iy
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Meshing &

Properties

Simulation Model (generic example, not HI 24L)

HI 241 Geologic Model Framework GEOSX
Landmark Decision Space
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Current Focus: Translating the
GCCC Framework Model into a
numerical mesh

Transfer formats:

« RESQML project

 /MAP for faults / horizons
e XYZ for wells
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Key Model Inputs

Lithology + structure Clear GCCC Framework Model

Absolute perm + porosity Clear GCCC Framework Model

Relative perm Wallace et al. 2017

Fault seal behavior Meckel et al. 2017, Nicholson 2012

Formation pressure, temp, salinity Well data?

Static elastic moduli Clear GCCC Framework Model (with dynamic/static correlation)
Inelastic properties Unclear Vastar and Atlantic Richfield Core? Analogue data?

Fault friction properties Clear Correlations + Limit Analysis

Stress orientation Regionally consistent

Stress magnitude Unclear Local stress indicators? Gas-trap and faulting constraints.
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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, 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.





SECARB Offshore Study Area & Project Boundaries

| Mississippi bas

Louisiana

New Orleans District

Eastern
Planning Area

Study Area | Oil and Gas

Western Planning Area

Central Planning Area

Eastern Planning Area

Texas
Louisiana
Mississippi
Alabama
Florida (West Coast)

Depleted Oil & Gas Fields, and
Potentially Associated CO-EOR

No

Study Area is East of Houma District’'s
Western Boundary (includes Houma
District)

All

STATE WATERS

Depleted Oil & Gas Fields, and
Potentially Associated CO-EOR
No
Partial, Includes State Waters East of
Houma District Boundary Extension

Yes
Yes
Yes

Study Area | Saline Aquifers

Deep Saline

No

Study Area is East of New
Orleans District’s Western
Boundary (excludes Houma
District)

All

Deep Saline

No
Partial, Excludes
Chandeleur Sound/lIslands






Anticipated Project Outcomes

* Integrating data to characterize offshore CO, storage resources
resulting in decision system to identify and high-quality
“prospects” for offshore CO, storage.

* Development of concept for commercially viable CO,-EOR and a
saline storage prospects

— Perhaps using subsea completions, separation, and compression; with and
without utilization of existing infrastructure, resulting in substantial cost reductions.

* Refinement/adaptation of simulation tools, geologic models, risk
assessment/mitigation strategies for site-specific assessments of
offshore storage prospects in the GOM

— Resulting in substantial reduction in requirements, and associated costs, for
initial site characterization for offshore CO, storage projects in the GOM.






Anticipated Project Outcomes (cont.)

* Development of “best practices” based on understanding of the
offshore storage prospect(s) targeted, uncertainties associated with
this understanding, the performance of site characterization, MVA
and other technologies, and risk perceptions and potential
tolerance of regulators.

 Reduce uncertainties/risks, better understand/validate
petformance of MVA technologies, and assist regulators to better
understand risks and appropriate MVA approaches, leading to a
reduction in MVA costs, and thus, the overall costs of storage.

* Address regulatory gaps in the oversight and regulation of CO,
storage activities (with and without EOR) in the offshore GOM.






Where Are We Today? Are the Stars Alighing?

* Amended 45Q passed in February 2018; increasing potential
commercial viability for CCS.

* Key question — Can CO,-EOR/storage in the offshore Gulf of
Mexico be ready to take advantage of this realignment of stars.

* Presents perhaps a slight refocus/change in timing of this project
relative to that originally planned. Need to define:

— What does a good prospect look like? Can we find one?

— How should such a prospect be pursued? What strategy?

— Can it be pursued in a commercially viable way? How?

— If not, how might regulations/financial incentives adapt to help?

— Are all risks/uncertainties addressed to ensure this can take place?

* Our project is initially focusing on these considerations.






FUTURE Act Enhancements to IRC Section 45Q -- Highlights

Previous 45Q FUTURE Act

= 75 million metric ton cap = Eliminates 75 million metric ton cap; applies to new
facilities that “break ground” by EOY 2023.

= Credit based on “captured = After enactment, credit based on captured “qualified
qualified CO,” carbon oxide” (CO, and other carbon oxides) 1) v B —

= $20/metric ton for CO, stored | = $50/mt for geologic storage and $35/mt for EOR

and not used for EOR (each rate phases up over 10-year period from 2017 to
= $10/metric ton for CO, stored 20206).
and used for EOR = Existing qualified facilities would continue to receive

the original inflation adjusted $20 and $10 credit rates.

= Available to facility with = Captutre > 500,000 metric tons CO,/year for electric
capture equipment capturing at generating units; > 100,000 metric tons CO, /year for
least 500,000 metric tons other.
CO,/year. = Credit goes to the owner of the capture equipment.
— = Available to “direct air capture” and “beneficial use”
= Credit available until the 75- = Credit available for 12 years from the date the carbon o T K t_qgt..'-—":?h

capture equipment is placed in service.
A B . T R T

- | million-ton cap 1s reached.
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Advantages of CO, Injection Offshore vs. Onshore

* May allow surface discharge of produced water.
* Avoids populated areas (minimal NIMBY concerns).

* Minimal issues with surface, pore space, and mineral rights
ownership in federal or state waters.

* Avoids issues pertaining to potentially impacting underground
sources of drinking water.

* Could possibly be pursued at lower project life-cycle costs,
especially where existing infrastructure is in place.

* Regulatory processes could be more straightforward and
expeditious in federal waters (may not he quite the case in state
waters); e.g., Class VI regulatory requirements are not applicable in
federal waters, possibly resulting in shorter regulatory timelines.






Anticipated Benefits of this R&D

* Initial data acquisition, planning and anticipated permitting
activities associated with this R&D can inform and be utilized for
advantage in commercial offshore storage project(s), reducing
characterization costs and regulatory uncertainties.

* Based on potential risks, some monitoring activities can be _ T P
determined as more likely to yield minimal benefits; with others
reduced or eliminated.

* The frequency and/or density of monitoring
technologies/approaches can be reduced, based on R&D.

* The same could apply to site characterization, understanding of
CO, injectivity, plume management, infrastructure considerations,
addressing public perceptions and concerns, interactions with
regulatory bodies, and addressing regulatory gaps.






INITIAL Focus of Activity

* Defining what a good CO, storage prospect might look like in the
offshore Gulf of Mexico.

* Understanding the current regulatory environment in the offshore
GOM, so that regulatory gaps are characterized and potentially
addressed early to ensure expeditious project deployment. _ B P

* Reviewing how regulatory frameworks have evolved in other
jurisdictions, and how they might apply in the offshore GOM.

* Understanding possible financial incentives and their potential
applicability for CO, storage/CO,-EOR in the offshore GOM.

* Reviewing characterizations of offshore project risks and
uncertainties that may impact how regulatory frameworks and
financial incentives may need to evolve to address.

* Reviewing offshore best practices for CO, storage & transpott.





Key Features of Good Prospects for Offshore CO, Storage

Features identified in a proposed NETL multi-criteria screening process:

* Reservoir suitability — quality, injectivity, hydrocarbon potential (for EOR),
relationship between oil/gas prospects and saline storage prospects (i.e.,
stacked storage), etc.

* Logistical feasibility

— Infrastructure — density of available platforms, usability of existing
infrastructure and pipelines ROWSs, tradeoffs between reuse and new
platforms, equipment, pipelines, wells, well slots; etc.

— Source-to-sink -- distance to onshore CO, sources, volumes of CO,
supply for EOR and/or storage, shipping route buffer areas, etc.

—  Developmental — water depth, subsea reservoir depth, above salt
domes, potential interference between hydrocarbon production and
storage, etc.

Risk indicators — leakage risks, e.g., from faults, legacy wells, etc.





Regulatory Oversight of CO, Storage in the Federal Offshore -- DOI

*  Outer Continental Shelf Lands Act (OCSLA), Dept. of Interior
(DOI), Bureau of Ocean Energy Management (BOEM) and
Bureau of Safety and Environmental Enforcement (BSEE) have
authority to regulate development of mineral resources on OCS:

— Authority to permit the use and storage of CO, for EOR activities
on existing oil and gas leases on the OCS.

— Authority to permit the storage of CO, for certain types of projects;
though the authority to issue leases for storage remains uncleatr.

— No facilities/operations permitted to date

* BOEM finalized research on Best Management Practices (BMPs)
for CO, offshore transportation and storage on the OCS

* Specific categories of offshore issues (potential regulatory
gaps)were identified.






Technical Gaps Identified in BOEM BPMs Study

* Lack of data for shallower sub-seabed intervals in active O&G
areas (overburden above the injection and confining intervals) or
throughout the sub-seabed stratigraphic column for areas in
which O&G activity is absent.

* An approach (i.e., adaptive management) that should allow
BOEM to determine the effectiveness of future regulatory
frameworks, recognize regulatory gaps, and allow further
development of BMPs as offshore technologies with and without
CO,-EOR begin to mature.

* BOEM concludes that first step will be to encourage
offshore pilot-injection projects with collaboration
between government, academia, and industry.






Technical Gaps Identified in BOEM BPMs Study (cont.)

Specific categories of offshore CO, transport and sub-seabed storage
issues that should be addressed in future regulations include:

*  Characterization and qualification of CO, storage sites

* Corrosion management for CO, pipelines and injection well or
platform infrastructure

* CO, transport and injection operations planning
* Risk management and monitoring

*  Quantification of CO, storage

*  Site closure

A key aspect of this project is to work to address these gaps.






Regulatory Oversight of CO, Storage in the Federal Offshore - EPA

*  Offshore facilities “certifying” CO, storage (including in association with
EOR), must comply with GHGRP Subpart RR.

— For CO, injected for CO,-EOR (but not opting in for certifying storage), -
must report under Subpart UU.
* Emissions from petroleum & gas facilities (including offshore) that emit
> 25,000 metric tons of CO,e annually must report under GHGRP
Subpart W, for process operations and stationary fuel combustion

*  Subpart W reporting requirements are based on DOI regulations
originally issued under 30 CFR 250.302 through 304 (subsequently moved
to 30 CFR 550.302 — 304), currently managed by BOEM.

— This industry segment does not include reporting of emissions from offshore
drilling and exploration not conducted on platforms.

* This includes emissions reported to DOI as identified in the its latest
Gulf-wide Offshore Activities Data System (GOADS) emissions study.






Best Practices: Recent Activities

Offshore Best Practices for CO, Storage & Transportation

— SSEB and the Interstate Oi1l and Gas Compact Commission
(I0GCC) convened an Offshore Task Force that reviewed laws
and regulations for CO, capture and storage (2012)

— Texas BEG prepared a report for BOEM on best management
practices for offshore transportation and sub-seabed geologic
storage of CO, (2017)

— SSEB prepared a SOSRA T6.1 report that compared
DOE/NETL onshore best practices with the BOEM best
management practices for offshore CO, transportation and
storage (2019)






DOE/NETL and BOEM Best Practices Comparison

*Project Management BPM not part of DOE/NETL 2017 update; Under review at SSEB (2019)

BOEM — Best Management Practices (BMPs)

DOE/NETL — Best Practices Manuals (BPMs) ST-1 SITE SELECTION & CHARACTERIZATION

BP-A SITE SCREENING, SELECTION & CHARACTERIZATION
ST-4 MONITORING

BP-B MONITORING, VERIFICATION & ACCOUNTING ST-2 RISK ASSESSMENT

ST-5 MITIGATION

ST-7 NO PUBLIC OUTREACH ST

ST-6 INSPECTION AND PERFORMANCE ASSESSMENT

BP-C RISK MANAGEMENT AND SIMULATION

BP-D PUBLIC OUTREACH AND EDUCATION

BP-E OPERATIONS ST-9 DECOMMISSIONING & SITE CLOSURE

BP-F PROJECT MANAGEMENT* ST-3 PROJECT MANAGEMENT & EXECUTION

ST-7 REPORTING REQUIREMENTS

ST-8 EMERGENCY RESPONSE AND CONTINGENCY






Best Practices: SOSRA Planned Activities

« SOSRA T6.2 Best Practices Development Outline (Sep 2019)

— MVA Best Practices Working Group: Many aspects of DOE/NETL
onshore MVA best practices can be adapted to offshore MVA best
practices in the Gulf of Mexico

— Characterization-Outreach-Risk Best Practices Working Group: The
BOEM report does not discuss all the aspects of the geological and
physical environment that need to be characterized, and why; it does
not contain any specific public outreach section; and risk
assessment/mitigation are discussed only from the standpoint of
leakage






Best Practices: SECARB Offshore Planned Activities

« SECARB Offshore (BP1) Action Plan to Expand Best
Practices Explicitly Applicable to the Gulf of Mexico (Mar
2020)

— Create an action plan to advance offshore best practices, based
upon SOSRA 6.2 and BOEM work completed

— Include existing infrastructure, logistical & regulatory obstacles,
and decommissioning requirements

« SECARB Offshore (BP2) Final Report (Mar 2023)

— Incorporate best practices document into a final report on
“Assessment of Legal and Regulatory Frameworks”






Risk Assessments: SECARB Offshore GOM

* Risk Assessments for CO, Transportation & Storage,
Including Storage with Utilization

— Risk & Data Gaps in Characterization (Subtask 3.4). partner '
with private companies & organizations to obtain real-world data
for use in risk assessment and gap analysis

— Risk Regqistry for Fully Integrated Systems (Subtask 4.3):
develop preliminary risk registry addressing infrastructure issues
and uncertainties in offshore CO, transportation and storage

— Risks Associated with Infrastructure, Operations & Permitting
(Subtasks 6.1 & 6.2): Address risk management & mitigation
strategies as they pertain to CO, transport, delivery, and storage
options in the offshore environment.






Project Risks

* An Integrated Offshore Project will need to overcome
many of the same risks present in onshore projects but
will also encounter risks specific to the offshore
environment.

« While challenging, the subsea does provide some benefits
relative to onshore projects
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SEACARB Offshore Project Objectives

* Obijective 1: Combine the capabilities and experience of industry,
academia, and government to develop and validate key technologies and

best practices to ensure safe, long-term, economically-viable CO, storage
in offshore environments, which includes collaborating and coordinating
with international organizations.

* Objective 2: Facilitate the subsequent development of technology-

focused permitting processes needed by industry and regulators (i.e.,
Department of Interior and BOEM).

* Objective 3: Collaborate with Federal and State agency programs to

improve the confidence in containment of CO, in the subsea offshore
environment in storage reservoirs over both short and long timeframes.

* Objective 4: Provide a comprehensive assessment of the potential to
implement offshore CO, storage in the defined GOM Study Area.






SEACARB Offshore Primary Tasks

* T1: Project Management & Planning
* T2: Knowledge Dissemination

* T3: Offshore Storage Resource Characterization

* T4: Risk Assessment, Simulation, and Modeling
* T5: Monitoring, Verification, and Accounting

* T6: Infrastructure, Operations, and Permitting






Key Considerations

* Detailed reservoir characterization essential for accurately characterizing
the target reservoir and estimating oil production/CO,, and for
prediction and managing CO, plume and pressure fronts.

* Procedures that facilitate sharing of reservoir characterization and flood
performance data could help address this issue.

* Offshore platforms designed to efficiently use all available space, and
have limited room for new equipment, particularly CO, recycling plants.

— Operators will need to consider innovative approaches for offshore
CO, separation, compression and re-injection, where required.

— This will include assessing the tradeoffs between utilizing new versus
existing platforms, infrastructure, etc.; and in the applicability of

utilizing subsea technologies.





Key Considerations

* Installing the required well patterns and spacing for optimal
CO,-EOR and/or storage performance offshore may be cost
prohibitive due to the high costs of offshore well drilling.

— Using horizontal wells with wider well spacing could be

used to help overcome this challenge.

* Existing production facilities and well tubing may need to be
retrofitted to prevent corrosion from CO.,,.

— These alterations may require a platform to be shut
down, causing a loss of oil production in the case of an

oil production platform converting to CO,-EOR.





Understanding Differences Between CO, Injection Onshore and

Offshore

CO, injection and CO,-EOR offshore will be different from the past
experience of CO, flooding onshore.

Oftshore developments are characterized by fewer wells, larger well
spacing and higher rates per well.

Offshore, because of larger inter well spacing, a greater degree of

heterogeneity can exist between well pairs.
The requirement for compression is greater offshore.

Microscopic sweep efficiency increases due to higher miscibility
development

The density difference between CO, and other reservoir fluids decreases
and net CO, utilization efficiency can be higher.

This could make offshore reservoirs better candidates for coupled CO,-
EOR and CO, storage.





FUTURE Act Enhancements to IRC Section 45Q -- Highlights

Other provisions include:

= Allows the taxpayer to transfer all or a portion of the credit to the
entity that:

— Disposes of the qualified CO,

— Utilizes the qualified CO,
— Uses the qualified CO, as a tertiary injectant (for EOR).

=  EPA Greenhouse Gas Reporting Program (GHGRP) Rule
(Subpart RR) basis for “certifying” storage

" The “devil will be in the details” as implementation guidance is
developed by IRS






Emissions Reported to GOADS

Offshore platforms must report the following emissions:

*  Methane (CH,) emissions from the equipment types identified GOADS,
excluding fuel combustion equipment.

« CO,, CH,, and nitrous oxide (N,O) emissions from flares, as reported in latest
GOADS report.

* CO,, CH,, N,O emissions for stationary fuel combustion sources following the
requirements of 40 CFR 98, subpart C (General Stationary Fuel Combustion

Sources).
—  Emissions from portable/mobile equipment are not required to be reported.

If offshore facilities are reporting CO, stored under Subpart RR, emissions
reported to GOADS would be included as required elements to the mass-
balance equation to be reported under Subpart RR.






Greenhouse Gas Reporting under Subpart RR

* Storage certification under 45Q may be established by EPA
Subpart RR reporting

—  Operators are required to submit a monitoring, reporting, and verification

(MRYV) plan
— 5 MRV plans approved to date; three for CO,-EOR, one for saline ; ! 1 OB o
storage, one for acid gas disposal — none offshore.

* Most significant concerns related to offshore application of
Subpart RR include:

— Process for and timeliness of EPA approval of MRV plans
— What constitutes “new’ activity -- and thus a new MRV plan
— Extent to which MRV plans are subject to litigation

— What happens if the “rules of the game” change?
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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
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disclosed, or represents that its use would not infringe privately owned
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or service by trade name, trademark, manufacturer, or otherwise does
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or favoring by the United States Government or any agency thereof.
The views and opinions of authors expressed herein do not
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any agency thereof.
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Why Kemper?

Kemper County

Kemper Water Well #1

Kemper C0,
Sroroge Complex

MPC 10-4
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The goal is to demonstrate that the subsurface at
Kemper CO, can safely and permanently store

commercial volumes of CO,

The project team has established an
area of interest exceeding 30,000 acres
near the Kemper County energy facility
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Over 1,100 ft net sand. Average porosity 27%!





Data Collection

Three characterization/monitoring wells were drilled in 2017 to
test and characterize geologic properties

Whole core was taken from the Paluxy and Washita-

Fredericksburg reservoirs and the Marine Tuscaloosa shale
confining unit

Reservoir fluid sampling
Injection test
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Kemper Storage Complex Geologic Structure
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Four seismic lines enclose the field area
This should capture any large scale faulting in the reservoir interval above the Unconformity
Seismic lines show no large offsetting faults
Large structural features and faults are observed between the Unconformity and Basement.
This data is not processed for interpreting deep structures and does not image them well.
Some artifacts of acquisition in the shallow section could hide faulting but this is not expected.






Paluxy sandstone

Storage Zone Properties

= Abundant stacked saline sandstone bodies in Paluxy,

Elemental Log Analysis (ELAN?*) interpretation
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Lower Cretaceous sandstone interpreted as braided fluvial deposits; Upper Cretaceous sandstone represents shore zone deposits.






Storage Complex Capacity v

= Each of the three potential storage zones have commercial
capacity

= Together the three storage zones result in a gigatonne capacity
storage complex that has the potential to act as a regional hub

Massive/
Danzler

CO, Storage P.o P, Pao

Washita-
Fredericksburg

Reservoir Capacity | Capacity Capacity

Massive/Dantzler 60 120 200
 Wash.-Fred. [ 540 920
. Paluxy RGN 310 530
-]

DOE methodology for site-specific saline storage efficiency calculation based on fluid displacement factors for clastic
reservoirs where net pay, net thickness and net porosity are known of 7.4% (P,), 14% (Psy) and 24% (Py,)
(Goodman et al., 2011)
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Lower Cretaceous sandstone interpreted as braided fluvial deposits; Upper Cretaceous sandstone represents shore zone deposits.






Marine Tuscaloosa shale
(Seal)

I{:\}/ Shell
Pinstripe bedding
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Interpretation: paleosol
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Interpretation: tidal flat deposit
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Core diameter =4 in
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Nodular texture ]
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Caprock Studies

Tuscaloosa Grp mudrocks - marginal marine to
offshore; Upper K mudrocks - continental

Smectititic clay in all units with large amounts of
bound water

High water saturation in the mudstone units helps
keep capillary entry pressure high, and mudrock
permeability is on the order of 1 nanodarcy.

Geomechanically, the shale is soft and pliable
and thus very difficult to fracture

Mudrock units are likely effective seals; slow
permeation of the mudrock pore systems makes
significant migration of injected CO, out of the
storage complex unlikely.
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Upstream-downstream pressure difference approaches an asymptotic value equal to the capillary pressure at the narrowest throat in the highest conductivity pore.






Univ. Wyoming’s High Bay Research Facility

Macro- and Micro-Scale Flow Experiments

" |nvestigate CO, capillary trapping in reservoirs

= Study end-point relative perms for a supercritical CO.
/brine system

= Study draining-imbibition relative perm curves for a
supercritical CO, /brine system

=  Microfluidics model to test saturation and sweep
efficiencies

{a} Scozi=0.59 (outlet —inlet)

Three-dimensional visualizations of fluids

distributions along the length of core sample
a) atthe end of CO, injection
b) subsequent brine injection

PIRI TECHNOLOGIES, LLC ] e = 030 fouler= i)

11
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Unsteady-state experiments under supercritical conditions:
   -Drainage end-point relative   
    permeability at initial water saturation    
   -Imbibition end-point relative  
    permeability at residual CO2 saturation

Steady-state experiments under supercritical condition:
   -Drainage relative permeability curve
   -Imbibition relative permeability curve
   -Drainage and imbibition end-point    
    saturations

Full CT scan of samples during fluid flow experiments to track migration and identify trapping mechanisms

400 SEM images were captured from sample MPC34-1. An algorithm was developed to stich the images and create an image map. This data, along with the pore throat distribution of the sample, are being used to develop a reservoir-realistic map for microfluidic experimentation. 
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SimCCS (Scalable infrastructure model for CCS)

« Economic-engineering model for optimizing CCS infrastructure design.

SimCCS?01

» Ground-up redesign—enabled by CarbonSAFE—into a Java-based package with HPC.
» Open-source: can be utlllzed by any DOE prOJect (and beyond)

: ; Canaﬁate 3

network

16" pipeline S AR
12” pipeline

tMiddleton et al. (2018). An open-source tool for optimizing CO, capture, transport, and storage infrastructure, Environmental Modelling and Software, In Review

Los Alamos National Laboratory

Official Use Only 2/14/2019 | 12
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Potential talking points:
ECO2S is supporting the development of SimCCS2.0, a major redesign if the SimCCS software for designing integrated CCS infrastructure networks.
The new software is being applied to the EC2S project.
SimCCS allows users (scientists, stakeholders, policy makers) understand how commercial-scale CCS infrastructure could and should be deployed, including under the updated Section 45Q of the tax code.
Because the new software is open source, anyone (including DOE projects) can use the tool.
The HPC ability allows us to address more complicated and larger problems.
The Southeast region is the case study dataset for SimCCS2.0 (approved by Southern Company).
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Southern Impact of Storage Costs A

Com pa ny International, Inc.

« Low-cost storage options occur beneath the energy facility

o $2.00 - $4.00 USD per metric ton depending on the volume of CO,, captured (after DOE
investment)

« This drives the value proposition where existing infrastructure could be utilized for
CO, capture, compression, transportation and storage

» Given the expanded U.S. 45Q tax credit for CO, storage, having geologic storage
data and cost estimates drives ongoing:
o Refining cost and performance data with technology vendors
o Applying data to internal resource planning and modeling

o Improving internal transportation, storage and monitoring cost information

* The project has reduced commercial-scale development risks associated with
large storage capital expenses such as well drilling and injection facilities






So what have we learned about the
Kemper Storage Complex?

A world class, low risk CO, storage prospect
« Storage zones have exceptional capacity
« Caprocks are laterally continuous, confining properties are encouraging
* No structural “show stoppers”

Low storage costs drive commercial storage potential

Next steps: reservoir simulation, monitoring strategies, commercialization plan,
ISO geological storage standard

Kemper’s storage geology looks similar to that of the eastern GOM
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TEMPORAL AND SPATIAL RESPONSE TO NATURAL
PERTURBATIONS OF A COLD SEEP HYDRATE
SYSTEM: WOOLSEY MOUND, GULF OF MEXICO

SECARB Offshore Partnership

CAMELIA KNAPP & JIM KNAPP
Boone Pickens School of Geology

Oklahoma State University
Task 4.0

ENERGY






*ENERGy BoARP” |

\AT“ERNSTAT NATIONAL
GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX A A SF recmmosv

LABORATORY

Task 4.0

* Risk Assessment, Simulation, and Modeling. Going beyond the traditional NRAP process, this Task
encompasses activities related to the refinement and adaption of existing data mining, analysis,
and machine learning tools (SAS Viya decision system; Subtask 3.2), simulation tools, geologic
models, and risk assessment and mitigation strategies for site-specific assessments of storage
prospects in the offshore environment. To aid in a formalized process for characterizing prospects
with high potential for commercial CO2 storage development, supported, to the extent possible and
practical, by the SAS Viya platform, the project team will perform a robust characterization of risk,
geologic/technical risk, operational risk, and commercial risk related to the full, integrated system
(source, transport, and storage/utilization). Results will be used to highlight possible physical
regulatory and/or commercial barriers, and mechanisms to overcome those barriers. This activity is
directly dependent on the outcome of Task 3.0, namely the defined characteristics of
representative storage opportunities.

e Subtask 4.3.2: Seismic Hazard Assessment and Earthquake Risk Analysis. Perform seismic hazard
assessment and earthquake risk analysis in the study area, assess the evolution of gas hydrate-
bearing systems and their temporal and spatial response to natural perturbations, based on
lessons learned from the active Woolsey Mound cold seep at Mississippi Canyon 118.
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Gas Hydrates and Methane

p S T
- Solid, ice-like structures Lfi EL_’:;\{“
* Store CH, and other greenhouse gases :;\1 *?; }'
» Stable at high P and low T S
* Each volume of hydrate contains up to 160 volumes of
methane

* CH, is 20x more effective at trapping heat in the
atmosphere compared to CO,

* Role in climate, geohazards, and energy

Oak Ridge National Laboratories, USGS
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	Gas hydrates are solid, ice-like substances composed of rigid cages of H2 bonded water molecules that enclose molecules of hydrocarbon gas, mainly methane. 
	Gas hydrates form if four conditions are met, such as presence of hydrocarbon gas and water as well as high pressures and low temperatures. 
	Regarding the mechanism of hydrate formation, the hydrates could form from both biogenic gas (and in this case methane is the guest molecule) and thermogenic gas, that contains ethane, propane, and heavier hydrocarbon gases, as well as CO2 and H2S. The impermeability of gas hydrates to gases and other fluids makes them potential seals in sediments, and they can be called thermobaric traps. If large volumes of gas migrate from the underlying sediments into the hydrate stability zone, thick competent seals would be expected. Once a continuous seal is formed, free gas would begin to accumulate immediately beneath it, forming a gas pool. 
	Each volume of gas hydrate contains up to 160 volumes of methane (natural gas).
Methane forms from biological and thermogenic processes. Biological methane is generated by the bacterial breakdown of organic material in shallow sediments.
Thermogenic methane is created when deeply buried organic-rich sediments are subjected to high temperatures and pressures. Such methane can move vertically through overlying sediment.
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Remote Assessment of Gas Hydrates

* High amplitude (BSR)

Crosscutting geometry

* Reversed polarity

* High seismic velocities
* “Blanking” effect

* AVO effects

Blake Outer Ridge (Eastern US)
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Most of the present-day knowledge about gas hydrates comes from seismic reflection studies. Here I show two classic examples of gas hydrates diagnosed with seismic reflection methods from the Blake Outer ridge (eastern US) and from offshore Panama in the Pacific ocean, and the gas hydrates are suggested to be present in this shallow interval between the seafloor and this prominent reflecting horizon which approximately parallels the seafloor.
	The most prominent seismic diagnostic features of gas hydrates are high amplitude reflectors called Bottom Simulating Reflectors (BSR) because they approximately parallel the sea floor. The BSR is considered to be a seismic anomaly that is caused by superposition of consolidated hydrated sediments, with high seismic velocities overlaying  unconsolidated sediments possibly containing free gas, with lower velocities. The depth to the base of a gas hydrate is fixed by the temperature and pressure regime that satisfies the requirements for gas hydrate stability, therefore the BSR is a thermobaric and not lithologic or structural reflector on seismic data. 
	The main seismic characteristics showed by gas hydrates are (show them on the slide): 
-crosscutting geometry of lithologic bedding by the BSR (the BSR follows a thermobaric, not a lithologic boundary);
-high amplitude-reversed polarity of the BSR reflection relative to the seafloor reflection;
-blanking effect (reduced acoustic impedances) caused by the cementation effect that the hydrates produce inside the host sediments; The blanking is proportional with the amount of gas hydrate in the host sediments.
-AVO (amplitude variation with offset) effects given by potential presence of free gas beneath the hydrate layer. 
These were features we wanted to identify on our data. 
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129 mapped 31 mapped 73 mapped
Discontinuous BSRs @ Continuous BSRs ® pluming BSRs
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 CSHSs are dynamic settings where hydrates dissociate on short (days to weeks) and long (years) time-scales triggering substantial methane fluxes to the oceans. Understanding how CSHSs operate through time and space is therefore crucial to evaluate their global impact on ocean biogeochemistry and climate.  However, to thoroughly understand what governs marine CSHSs, an integrated approach should include investigation of (1) the deep oil reservoir where thermogenic gases originate, (2) the plumbing system, where the hydrocarbon fluids transit, (3) the shallow subsurface where hydrates form and accumulate, and (4) the seafloor-ocean interface where hydrates are exposed and gas is expulsed. 
"Cold" does not mean that the temperature of the seepage is lower than that of the surrounding sea water. On the contrary, its temperature is often slightly higher.
Cold seeps constitute a biome supporting several endemic species.
Cold seeps develop unique topography over time, where reactions between methane and seawater create carbonate rock formations and reefs. 
These reactions may also be dependent on bacterial activity. Ikaite, a hydrous calcium carbonate, can be associated with oxidizing methane at cold seeps.
47% of crude oil currently entering the marine environment is from natural seeps, whereas 53% results from leaks and spills during the extraction, transportation, refining, storage, and utilization of petroleum.
The amount of natural crude-oil seepage is currently estimated to be 600,000 metric tons per year, with a range of uncertainty of 200,000 to 2,000,000 metric tons per year. Thus, natural oil seeps may be the single most important source of oil that enters the ocean, exceeding each of the various sources of crude oil that enters the ocean through its exploitation by humankind. However, secondary recovery methods using increased formation pressures could possibly cause increased rates of oil seepage.
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Woolsey Mound - CSHS

- Misshsslgg A Florida ~ * 900 m WD on the N
e * bl ; continental slope of the

e Pascagoula

L ‘. gl __ GOM.

R )h{wg * Slope highly discontinuous,
e o

Intersected by slumping,
folding and faulting mainly
driven by salt tectonics and
sediment load delivered by
the Mississippi River.

Deepwater Horizon
Oil Spill

| « Deepwater Horizon rig,
= | Mississippi Canyon 252, April
MecGee et al. 2009 | T 22 . 2010
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Geographic location of MC118. Woolsey Mound is located in 900 m water depth on the northern continental slope of the Gulf of Mexico. The slope here is highly discontinuous, intersected by slumping, folding and faulting mainly driven by salt tectonics and sediment load delivered by the Mississippi River. 
The burning Deepwater Horizon rig, Mississippi Canyon 252, April 22, 2010. The fire was inextinguishable and, two days later, on 22 April, the Horizon sank, leaving the well gushing at the seabed and causing the largest oil spill in U.S. waters. 
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* Mid-slope of GOM
e Salt tectonically driven cold seep
e Gas venting at the seafloor

e Qutcropping hydrate
chemosynthetic communities,

_‘ carbonate mounds, and bubble

plumes

* Chemosynthetic communities

* Relatively shallow water depth
(<1000 m).

Macelloni et al., 2012
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Location map of MC-118 on the continental slope, Gulf of Mexico, downdip and SE of the Mississippi River delta. The Gulf of Mexico is a passive margin that is heavily influenced by salt tectonics.
Here, hydrates form from the vertical migration of hydrocarbon‐rich fluids that reach the hydrate stability zone defined by overlying pressure and in situ temperatures and precipitate as hydrate. Periodically, this migration reaches the seafloor, and creates a seafloor habitat full of outcropping hydrate (MacDonald et al., 1994), chemosynthetic communities (MacDonald et al., 1989), carbonate mounds (Roberts and Aharon, 1994), and bubble plumes. This location was selected as a viable gas hydrate monitoring site due to (1) gas venting at the seafloor, (2) outcropping hydrate mounds, (3) presence of chemosynthetic communities, (4) lack of existing ownership, and (5) relatively shallow water depth (<1000 m). 
 Lithologic and bio-geochemical studies have been done on sediment samples from gravity and box cores. Pore-fluid analyses carried out on these cores reveal that microbial sulfate reduction, anaerobic methane oxidation, and methanogenesis are important processes in the upper sediment. These microbial processes control the diffusive flux of methane into the overlying water column. 
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Surface Expression of Seepage

=  Methane-derived authigenic carbonate (MDAC) is the product of AOM (anaerobic oxidation
of methane) by sulfate reducing bacteria (e.g. Archaea sp., Beggiatoa sp.)

=  Requires persistent fluxes of methane through time
= Excellent archive for reconstructing fossil methane seepage history (paleomounds)

Methane Gas plume Bacterial Mat
(Beggiatoa sp.)

Carbonate

Simonetti, 2015

Woolsey Mound (pictures courtesy of C. Lutken, MMRI-University of Mississippi)
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AOM-Anaerobic oxidation of methane
MDAC used as proxy for identifying paleomounds in the subsurface. 
No archaean species can do photosynthesis.
Archaea only reproduce asexually.
Archaea show high levels of horizontal gene transfer between lineages.
Many archaea live in extreme environments.
Unlike bacteria, no archaea produce spores.
Archaea are common in the ocean, and especially in the plankton. They make up to 20% of all microbial cells in the ocean.





A= GOUTHERN STz, NATIONAL
STATIE, "
T . TECHNOLOGY
‘ EncEs NERGY BOAR® T L | AsoRAory

e Craters and pockmarks are
seafloor sub-circular
depressions resulting from
abrupt gas (e.g. methane)
release in the water column

* Require episodic fluxes of
methane through time

Simonetti et al., 2015
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Woolsey Mound Hydrates

Do not exhibit the classic
regional BSRs on seismic
sections.

 Seem to form around salt-related
faults that provide likely
migration pathways for the
thermogenic hydrocarbons.

e Other methods need to be
Implemented in order to detect
them and provide estimates of
their volumetric extent. MC 118, (Lutken et al., 2011)
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Due to the geologic, structural, and
disk of hydrates ~.8 in thick covered the entire cross-sectional area of JPC-001, 5.5 ft from the bottom of the core section. thermal complexity of the Gulf of Mexico.
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Salt Dome and Major Faults

Fluid flow and gas hydrates formation are
segmented laterally along faults.

NW criter_'SE/'::""“Br ] SRS

_ Hydrate formation and dissociation vary
NW Crater temporally in the vicinity of active faults, and can
) v seal them as conduits for thermogenic fluids.

s Seafloor
T —

» Periodic migrations of gases may perturb the
GHSZ in terms of temperature and pressure,
producing the observed lack of classical BSRs.

* Fluid expulsion events are suspected to occur
episodically in the NW and SW complexes where
they are probably responsible for crater formation.

Macelloni et al. 2012
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3D industry seismic data reveal the presence of a salt body at in the shallow subsurface that has generated an extended network of faults, some extending from the salt body to or close to the seafloor (master faults). Higher resolution seismic data show acoustic wipe-out zones along the master faults with expulsion features at seafloor, pockmarks and craters located immediately above them and associated, in the subsurface, with high-amplitude, negative anomalies at constant depth of 0.2 s TWTT b.s.f., interpreted as free gas. Since pockmarks and craters provide pathways for hydrocarbons to escape from depth into the water column, related sub-surface seismic anomalies may indicate free gas at the base of the gas hydrates stability zone (GHSZ). Fluid flow and gas hydrates formation are segmented laterally along faults. Gas hydrates formation and dissociation vary temporally in the vicinity of active faults, and can temporarily seal them as conduits for thermogenic fluids. Periodic migrations of gases and other fluids may perturb the GHSZ in terms of temperature and pressure, producing the observed lack of classical BSRs.
Fluid expulsion events are suspected to occur episodically in the NW and SW Complexes where they are probably responsible for crater formation as well as for maintaining bottom relief despite burial effects of fine particulate sedimentation. 
Bacterial mats thought to be the sulfide-oxidizing Beggiatoa commonly occur over the SE complex. The mats are observed more often in stable, flat-lying extra-crater areas and only rarely within the more active craters due to the inherent instability associated with crater activity. Bacterial mats are linked to the precipitation/formation of authigenic carbonate rocks. The contribution of the resident microbial communities, surface and subsurface, to the geology of the hydrate mound has been investigated only recently and their critical roll in hydrate mound evolution is now beginning to be appreciated fully. 
The SW Complex contains the most active of the mound’s craters in terms of venting activity and active expulsion features. It is divided into western and eastern parts, each comprised of several intersecting smaller craters. The two parts are separated by a ridge of fine-grained material that overlies a well-defined horizon of authigenic carbonate. That horizon consists of sub-horizontal tabular blocks about 1m thick. These blocks pave the floor of craters in the western part and are characterized by inclusions of hydrate that fill voids within the carbonate (figure 4). In some places, streams of gas bubbles rise from fractures. 
Based on 5m cores and box cores, it seems that vent activity in the past moved from the SE Complex to the SW Complex and now may be moving to the NW Complex. 
Salt dome and master faults from 3D standard seismic data. The south-east crater complex lies atop the yellow master fault and the south-west crater complex is related to the magenta master fault, while the north-west complex lies above of the blue and red master faults.
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4-D PROCESSING SEQUENCE
(cross-equalization):

v’ re-sampling

v 3D geometry re-binning

v’ time shift correction

v’ gain X-normalization

v’ phase matching TGS-NOPEC, 2000
v’ shaping filter

3sTWITT

10 s TWTT

Amplitude difference of the two datasets
generates residual amplitudes (4-D
anomalies)

WesternGeco, 2003

Simonetti et al., 2015
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vertical resolution ~ 10m.
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Windows for Processing Sequence

Static - Static Window:
Window
- ' * significant subsurface changes
in pore-fluid content are not
expected to occur within a 3-year

time scale
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Dynamic Window:

* significant subsurface changes
in pore-fluid content may occur
within a 3-year time scale
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Simonetti et al., 2015
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COHERENCE attribute at the bottom
Prominent changes in subsurface seismic amplitude anomalies through time (4-D seismic anomalies) are observed near the BHSZ within a 3-year time-scale.
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CHIRP data

Hypotheses

 GH are genetically related to the salt
system through active normal faults, »® =
conduits for thermogenic gas & Se: =

* GH formation and dissociation vary
temporally in the vicinity of active faults,
and can temporarily seal them as
conduits for thermogenic fluids.

 GH at WM are controlled by a highly
heterogeneous stability field leading to
the general paucity of BSRs.

* Apparent temporal changes in seismic
iImages of the subsurface are correlated ==
with periodic fluid expulsion and hydrate N g
dissociation. 3D Volume data i g

Macelloni et al., 2012

Salt Dome
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4-D seismic anomalies (time el | E -
: Woolsey Mound) (Wodlsé) Mound)
slices near the BHSZ) t -

W
Subsurface Structures | B r,-. Channets
(time slices near the BHSZ) AR | Mobe " M

Simonetti et al., 2015
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AVO Analysis
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Shallow bright-spot reflectors representing the base AVO cross-plot indicates presence of Class IV gas sands.
of the hydrate stability zone (HSZ) should exhibit an Free gas underlying relatively high-velocity unit.
amplitude variation with offset (AVO) if free gas is

present.
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Data to be Aquired: TGS-Nopec, 2010
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Summary

e Salt has dominant influence on geologic evolution of Woolsey Mound

* Faults are both hydrate reservoirs and hydrocarbon migration pathways
* Shallow bright spot represent BHSZ

* The hydrate stability field is highly fluctuating through time and space

» 4-D seismic anomalies are spatially associated with faults and may represent
changes in the subsurface pore-fluid content

 CSHS may operate independently from eustatic fluctuations, but driven by
tectonics

* Results will provide fundamental numerical parameters of the development
and evolution of a gas hydrate-bearing system and its response to natural
perturbations over a time window comparable to human scale processes
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Learnings from CarbonSafe
IL.SU tasks
LSU study subarea

— State waters

— Federal waters
Previous studies

Data gathering
— Facilities
— Characterization

Detailed field study identification

Conclusions





Relationship with CarbonSafe

CO, emissions in Louisiana
Source-sink matching

Selected storage sites’ characterization
Storage capacity estimation

Containment assessment

— Wells
— Faults





Energy-Related Emissions by
State, 2014

At ~220 million tons of CO2 emissions, Louisiana ranks seventh in the U.S.
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Source: Energy Information Administration, U.S. Department of Energy.





U.S. and Louisiana CO,
Emissions per Sector

In the U.S., power generation
comprises over 40 percent of
overall national emissions.

Industrial
20%

Transportation
33%

Source: Energy Information Administration, U.S. Department of Energy.

In Louisiana, power generation comprises
about 22 percent of overall state emissions.
Louisiana’s primary source of CO, emissions
comes from industry.

Industrial
55%

Transportation






Industrial CO, emissions by
category

Most of the Louisiana industrial CO, emissions are concentrated in the
chemical and refining sectors. Natural gas processing is a distant third.

m Chemical Manufacturing
Petroleum and Coal Products
Natural Gas Processing
Paper Manufacturing
Primary Metal Manufacturing
Food, Beverage and Tobacco

® Nonmetallic Minerals
Wood Products

m Fabricated Metal

Source: U.S. EPA Envirofacts.





Louisiana’s critical energy
infrastructure

Refineries, certain petrochemical facilities, and gas processing facilities can
serve as important carbon sources. The existing pipeline and storage
infrastructure underscores opportunities for linking potential sources and sinks.
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Industrial Sources (corridor)

A large number of these relatively high-
0~p‘ e emission sources (>250,000 ton) are located
in a geographically-concentrated area.

§idy

Donaldsonville area (CF
industries ammonia plant)

Norco area (Shell refinery) -






Top Sources (totals)

2014 CO,

Facility Emissions (mt) CO, Purity Facility Type

Big Cajun 2 New Roads 10,624,054 Low Power Plant 221112
Brame Energy Center Lens 6,725,251 Low Power Plant 221112
ExxonMobil Baton Rouge Baton Rouge 6,245,428 Mostly Low Refinery 324110
CF Industries Nitrogen Donaldsonville 5,388,579 High Petrochemical 325311
CITGO Lake Charles Sulphur 4,766,415 Mostly Low Refinery 324110
Marathon Petroleum Company Garyville 3,930,022 Mostly Low Refinery 324110
Norco Manufacturing Complex Norco 3,527,991 Mostly Low Refinery 324110
R S Nelson Westlake 3,513,465 Low Power Plant 221112
Dolet Hills Power Station Mansfield 2,943,833 Low Power Plant 221112
Saint Charles Operations - Dow Taft 2,881,974 Mostly Low Petrochemical 325199
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Storage Site Selection

« Site selection criteria:
— Proximity to CO, sources
— Large storage capacity

— Potential for CO, containment

» Site specific data collection from public sources
— Initial site screening by Louisiana Geological Survey*
— Well logs (to estimate capacity)
— Well data (active and abandoned)

— Well history data (cement tops and plugging data)

11

Source: *Chacko John, Warren Schulingkamp, Bobby Jones, Brian Harder & Reed Bourgeois, (2011). “Potential for Carbon Dioxide Sequestration





Selected Depleted Oil Fields
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Common Sites Features

Multiple storage zones with stacked sand systems

Thick zones (up to several hundred ft.)

High porosity and high permeability

Normal hydrostatic pressure ~0.465 psi/ft

Cumoil | Cumgas | Total Currently
(MMSTB) | (BSCF) wells |prod. wells*
Bayou |, 190 176 3
Sorrel
Paradis 156 1350 411 16

* Current production intervals are deeper than 10,000 ft

F 112619V VO]
TVD [ 112619c-2500t12630.4F | FPorosity
1:1892 0.1000 fi3M3 03474
[ 1:1622 |
700f.9] -~
] !,
o - L_
o !
S iy
=] i iy
Jquvimill )"_.-
] { $
] Lk
7200 4 & i 901
1 A i
15 55
] -—cg T ‘{—'1
7300 ] Ty
E T | 2 T
I's 1
7400 ] E— s =
13 y7. " 7 |sand
13— B
| e sl -
7500 { At ! e -
10 ,» | : I|
| =" il ;
i S e -
[tz
7600 ] !¢
IR Gt =
8 OO (AT
7700 _% e r
7 e 3_ j —‘ i
] ; il i
1- [dly 3
7800 § A3 ]
13 rhT :
al 1TLF 1
13 i) Al I
] _:"_ 13, - T
i lmsi- i i —
7900 4 —,"" -;,_ ;
7 =
= w rewR—— T
TS e [ [ [

13





Bayou Sorrel Petrophysical Data

Porosity

Zone Depth (ft)

0.28

\
\
3

Average Porosity

998 ft

Y
Ay

SR
i

kness

IC

RN
AR
JNSRY:

iy
(RS
AT AT

T

Average th

8,560
8,401
8,241
8,081
7,921
7,602
7,442

E

ity (kg)

Dens

co,

NI

MRS
A
B

AT

G

AR
AR
AU

R

BT

14






Paradis Petrophysical Data

Porosity

Yrmy

Average thickness = 350 ft
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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) 7711 714
wm 0.020 0.020
i i t) 133 84
Static capacity per unit volume (Kg/m3) 4.318 4.284
Bayou Sorrel Paradis
Dynamic Model Parameters Transmissive Non-
Faults transmissive
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
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Dynamic Storage Efficiency

Dimensionless Group Min Max
N, 0.1957 1.8608
R, 2.1447 9.4056
M, 2.7871 8.9555
N,x 103 0.2017 1.2446
Sur 0.1002 0.3975

Pip 96 339

Predicted Va,!lf?/ el Predicted \frlue/// o //F*\ -
=

Ng 00013 |,





Wellbore/fault CO, Leakage

COz injection well

Monitoring Well

Plugged and Abandoned

Plugged and Abandoned
b Dry Well

Dry Well

Plugged and Abandoned
OillGas Well

Shale

e T N S ST

Fresh Water Aquifer

Botiom of cement= 2017 it ‘ Shale Boftom of cement = 2116 ft
Segment with no Saline Aquifer Cor;dml:ttlve
cement = 5604 ft au
Shale

Segment with no
cement 5684 1t

Top of cement=7621 ft

Saline Aquifer

Shale/Cap rock

CO2 Plume

g | cased-uncemented

Uncased

5 To of sand—7701 ft

Cased-cemented
—

CO2 storage zone

Depleted Oil or Gas Reservoir
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LSU tasks for SECARB
Offshore GOM project

Task 3: Oftshore Storage Resources Characterization
Task 4: Risk Assessment, Simulation, and Modeling

Task 5: Monitoring, Verification, and Accounting
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LSU Contributions (Cont'd):
depleted and active hydrocarbon reservoirs

S[®SV] High-Resolution Geophysical Survey
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Previous studies

CO, Storage Capacity Estimate

* NITEC-2017 (Depleted sands in
Federal waters GoM) =

« BEG (SECARB, Phase3, 2011)

CO, EOR L3
¢ ARI-2014 (CO, -EOR Offshore

Resource Assessment) [

Cost and benefits

* ICF International (2012), NETL
reports and spreadsheets

Monitoring, Verification, and Accounting

e Carbon Sequestration Leadership

Forum (2017) e R .





Data gathering: characterization

Work is 1n progress to

* Collect & analyze sand data: Pore Volumes, Cumulative
production, Pressure, Temperature, Drive mechanisms,
Recovery factors for depleted sands

* Define a strategy to estimate/verify recovery factors for
actively producing sands and extend to include recovery

with EOR
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Data gathering: Facilities

Work is in progress to collect data of exiting or planned facilities to be
incorporated into considering the potential fields

e N y - nanaeIE S y =g Christiai g e - —
Ao > S 0 7 S i e )] | NLLHEG b gt d X e A ¥ Layers/Legend
R i =] 2y i . i Soun B o S ¥ 9
L sy 8 5 i, 1 Wateland . __issipP ot Shates
% o " pes=) i Mis’ P = ) e e Cm —9 ¥ Basemaps
5 = J i e
e & i I . :
: i / %o, » Find address

Source: EIA
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Detailed field study identification

Field South Pass Block 43
(SP043) was selected

Field selection criteria;

Short source-sink distance
Least number of wells
Shallow water depth (108 ft)
Storage zone not very deep (6,348 ft) ;"{
Recently depleted b
Existing near infrastructure ok
Reservoir confined to a single block Rz

o

&

i

g

b,

g0
o

“—{Chalmette and

= WValero Refineries

Approximate
location of SP043
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Conclusions

— Initial phase of literature review for most relevant past studies 1s
performed to collect required data while avoiding repetition.
Detailed literature review is in progress;

— Collection of sand and production data necessary for storage
analysis 1s in progress from BOEM online data base and relevant
past studies;

— Data Collection (from SONRIS) and analysis for state waters is
in progress;
— Facilities data collection and analysis is in progress to apply a

source-sink matching criteria;

— Based on the initial data and following a risk based criteria, a

depleted field has been selected for detailed study.
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Questions?

Thank you
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Outline

m Short intro about Aker Solutions

m Challenges offshore CO2 EOR

m Relevant subsea processing systems
= Summary

ks Aker
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Our Vision






creates solutions to unlock energy safely
and sustainably for future generations

EMPLOYEES COUNTRIES LOCATIONS YEARS OF EXPERIENCE
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e

Hook-Up and Completion

Maintenance, Modifications and Operations
Carbon Capture, Utilization and Storage

Asset Integrity Management
From subsea to surface and concept to

decommissioning, our technical expertise
and strong partnerships provide energy
companies what they need to succeed

Subsea Pumps, Compression and Processing

= Subsea Production Systems

Lifecycle Services

Decommissioning

4 .
Public © 2018 Aker Solutions February 8, 2019 Slide 5 L AkerSO|utIOI’lS





Carbon Capture, Utilization and Storage (CCUS) since 1996

Aker Solutions offers technology and solutions for the entire carbon capture, utilization and storage value chain

CO, from industry

CO,/ oil
separation

It

':I' Natural'gag+Cojs=e
i y

Ey

|

|

i

~ Gasreservoir

Aquifer. storage

IS AkerSolutions

08 February 2019 Slide 6
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Main Challenges for offshore CO2 EOR

s CO, supply chain not established
= limited availability of CO,
= forecasted need for large volumes

m Facilities and wells are not corrosion
resistant

s Limited weight and space available for
topside separation on most platforms

s Extremely costly retrofits and additional
installations

m Loss of production due to shut down in
retrofit period

@yvind Hagen - Statoil ASA

L= .
Public © 2018 Aker Solutions August 31, 2016 | Slide7 L AkerSolutions





Available Subsea Processing Building Blocks

Multiphase cooler

Gas compressor

Gas/liquid separator

Liquid/liquid separator

De-sanding equipment

Produced water de-oiling equipment

Liquid pump

Multiphase pump
Control systems
Power solutions

Production XT

Public © 2018 Aker Solutions

A 4

Subsea process system
building blocks

Sl

Injection XT I

= .
August 31, 2016 Slide 8 L AkerSO|UtIOI’lS





Large portfolio of subsea separation equipment

Water treatment
m Produced water Qualification
m Sea water ongoing

Gas treatment

m Dehydration Qualification
m CO, needed

9 .
Public © 2018 Aker Solutions February 8, 2019 Slide 9 L AkerSOIut'OnS






Conditions and considerations subsea CO2 processing

= Not only about choosing equipment...........

= Operation at well head pressures — lower gas
volumes -

= Sea water temperature — cooling — hydrate formation — &

condensation

Limited availability hold up volumes

Constraints in compression stages

Utilize physical/chemical conditions

Considerable advantages related to HSE — flaring,

gas exposure, manning

il [N

= .
Public © 2018 Aker Solutions February 8,2019 | Slide 10 L AkerSolutions





CO, Separation Performance

[ Topsides | Simplest arrangement:
: Subsea process m Separation and reinjgction of
Reservolr system Oil. water HC gas and CO2 using
HC gas, CO, subsea compressor system
|_Topsides | More advanced arrangement:
Reservoir Subsili [irr?]cess | E Ga-S -sep.aratlon-
’ HC gas, Oil, water | o Rainjection enriched CO2
CO,
. Advanced arrangement:
| Topsides | |
: SUbsea process m (Gas separation
Reservoir cuetom _ W ,
Y HC gas, Oil = Water separation
Water, CO, m Reinjection enriched CO2

Depending on arrangement; 90 — 97 % CO2 can be separated from well stream.

ks Aker





Key Important Subsea Building Blocks
Compression System — Asgard 1.0 Improved — Asgard 2.0

m 21 MSm3/d flow rate m Offers 50 % reduction in weight
m 2Xx11.5 MW compressor power

m Easier installation

= .
Public © 2018 Aker Solutions August 31, 2016 | Slide 12 L AkerSolutions





Key Important Subsea Building Blocks

Selective Membranes

= New polymer qualities with robust properties
m Increased selectivity in combination with productivity
m  Compact arrangement for subsea developed

L= .
Public © 2018 Aker Solutions August 31, 2016 | Slide 13 L AkerSolutions





Concept involving CO2 membrane bulk separation

= Asgard compression
technology
Adapted to CO,
Limitations in pressure
ratio

Public © 2018 Aker Solutions

Initial
dense
phase CO2
inj.

Compressor
Cooler
co2 .
'g:p'?r::: s Two stages membrane separation
|G Constraints in available pressure
, GIL \\ rgtio
). High G/L temperature favorable
Cooler

Injection XT l

Production XT I

Membrane cartridge
filers assembly

Godt Tenkt — Feltutbygging med mindre miljgpavirkning— CO2 fierning og ubemannet FPSO

cartridge assy.

October 26,2017 | Slide 14 “ AkerSolutions





SUBCOMP

s Main idea: Simple and robust subsea

process system to enable CO, EOR

= Separation of produced gas and liquid

= Produced sour gas (mix of HC and CO,)
Is compressed and reinjected into
the reservoir

= Liquid is sent to existing topside
process facility

= EXxisting process facility have limited
exposure to CO,

m Objective: Assess the technical and
economical feasibility of a CO, separation
and reinjection system from a CO, flooded
oil reservoir to avoid or minimize the need
for topside modifications

Public © 2018 Aker Solutions CCUS Offerings from Aker Solutions

SUBCOMP partners: CLIMIT,
Equinor & MAN Energy Solutions

February 2019 | Slide 15

Oil reservoir for CO2 EOR
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Relevant Subsea Injection Systems (for CO, Storage & EOR)

s Conceptual studies, FEED, EPC delivery = Injection template, manifold and tie-in solutions
= Optimizing system solution and client value from early client = Built on an extensive range of field proven products and concepts,
egagement, project execution and life of field while still allowing for project specific needs
= Injection well system s Workover, installation & intervention tooling
= Subsea Trees and Wellheads ensuring safe and reliable drilling and = Open-water systems, turnkey landing string solutions for jackup and
injection operations conventional rig applications and riserless well intervention systems
s Control & automation systems m Life of field services
= Integrated control systems built upon reliable, robust and = Installation, commissioning and start-up
commercially available building blocks = Maintenance, spare parts

= Umbilicals = Decommissioning
= Provision of injection chemicals, hydraulic control, power and signal

(electric & fibre optic)

Subsea Injection Systems

Structures &
Manifolds

Controls &

Wellheads . Workover Systems
Automation

February 2019 | Slide 16 “ AkerSolutions
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CO, EOR — Subsea Solutions

s Key enabler for offshore CO, EOR concepts

m Solutions for pre-treatment of well stream to
remove bulk CO, to minimize the need for
costly retrofits of existing process facilities to
handle sour gas

m Overlap of EOR production with
conventional oil production

= Facilities available for injection of CO, for i(‘jbsei‘ Solutions Offer Several
permanent storage as a final CCS stage Valllagle
. . Separation at higher pressure — reduced gas
| OffShore reservolirs prOVIdeS a huge and volumes and Compression duty (VS topside)
reliable capacity for safe and permanent Reduced installation costs — subsea separation

C02 Storage Small subsea facilities serving segments in large
reservoir

= Flexibility with regards to CO, transport Retrievable modules - reuse
= Ship delivery vs pipeline

4 .
Public © 2018 Aker Solutions CCUS Offerings from Aker Solutions February 2019 Slide 17 L AkerSOIut'OnS





Copyright and Disclaimer

Copyright

Copyright of all published material including photographs, drawings and images in this document remains vested in Aker Solutions and third
party contributors as appropriate. Accordingly, neither the whole nor any part of this document shall be reproduced in any form nor used in any
manner without express prior permission and applicable acknowledgements. No trademark, copyright or other notice shall be altered or
removed from any reproduction.

Disclaimer

This Presentation includes and is based, inter alia, on forward-looking information and statements that are subject to risks and uncertainties
that could cause actual results to differ. These statements and this Presentation are based on current expectations, estimates and projections
about global economic conditions, the economic conditions of the regions and industries that are major markets for Aker Solutions ASA and
Aker Solutions ASA'’s (including subsidiaries and affiliates) lines of business. These expectations, estimates and projections are generally
identifiable by statements containing words such as “expects”, “believes”, “estimates” or similar expressions. Important factors that could
cause actual results to differ materially from those expectations include, among others, economic and market conditions in the geographic
areas and industries that are or will be major markets for Aker Solutions’ businesses, oil prices, market acceptance of new products and
services, changes in governmental regulations, interest rates, fluctuations in currency exchange rates and such other factors as may be
discussed from time to time in the Presentation. Although Aker Solutions ASA believes that its expectations and the Presentation are based
upon reasonable assumptions, it can give no assurance that those expectations will be achieved or that the actual results will be as set out in
the Presentation. Aker Solutions ASA Is making no representation or warranty, expressed or implied, as to the accuracy, reliability or
completeness of the Presentation, and neither Aker Solutions ASA nor any of its directors, officers or employees will have any liability to you
or any other persons resulting from your use.

Aker Solutions consists of many legally independent entities, constituting their own separate identities. Aker Solutions is used as the common
brand or trade mark for most of these entities. In this presentation we may sometimes use “Aker Solutions”, “we” or “us” when we refer to Aker
Solutions companies in general or where no useful purpose is served by identifying any particular Aker Solutions company.

L= .
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Offshore Well Integrity

SECARB Offshore Gulf of Mexico
Project Overview and Status —February 2019
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February 11-12, 2019
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Existing Well Risk Assessment

Proposed Schematic
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Bureau of Safety and Environmental Enforcement, 2014, “QC-FIT evaluation
of seal assembly & cement failures interim summary of findings
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Risk Assessment Framework

* Risk = Likelihood * Impact

Threat Level

High

Medium

Likelihood

BATTELLE





Well Leakage Risk

Possible Likelihood of Occurrence
Categories

* Well Deviation
* History of sustained casing
pressure (SCP)
n m * Well Status
Total Risk =2Likeihood xZImpact e Cement Top(s)
! ! * Failure History
* Well Age
* Well Depth
* Well Type
* Cement Quality
e Casing Quality
* Geologic formations

I —
‘4 BATTELLE





Likelihood of CO, Leakage from
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I
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Presentation Notes

Does tell you where you may have a higher concentration of leaking wells





Current and next steps

Data Collection

* Data organization

Inclusion of seal and reservoir
geology

Risk Assessment

= Data dependent decision on risk model

= Sustained casing pressure / leak data
may be correlatable to likelihood
proxies

Visualization

Zulgarnain, M., and Tyagi, M., 2014, Quantitative Risk Assessment (QRA) of an
Exploratory Drilling Oil Spill in Deepwater Gulf of Mexico , Conference: ASME 2014
33rd International Conference on Ocean, Offshore and Arctic Engineering
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GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX _

SEEKING FIRST
PROJECTS IN THE US
OFFSHORE

Context for the GoMCarb Partnership

SUSAN HOVORKA

Gulf Coast Carbon Center

Bureau of Economic Geology \ i
Jackson School of Geosciences .

The University of Texas at Austin \ | —

ENERGY
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Subsea deep saline storage:

* Adds storage resource for the US
* Reduces multiple risks of onshore storage

4 i g

NETL
NATCARB Atlas 2015

1 Offshore CO, Storage

CO, Stored

=5

OH/NatUra' Gas
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The problem and the opportunity:
Numerous sources of CO, in high concentrations are collocated on thick of
sedimentary rocks





Focus on the Gulf Coast

-
attain & ® Selected oil field

that could benefit from EOR

Existing CO,
pipeline - 3 :
.| Frio Brine Pilot

Sources (dot size =release)
Refineries and chemical
plants
o Electric power plants

Future CO, pipeline

Saline Formations
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I am interested in the “selected oil field that could benefit form EOR” I take it that this was on one of Sue’s Maps?
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Ready for investment in US?

e .Storage not demonstrated in US waters

* Lots of progress on feasibility (see rest of this program!)

2008 overall capacity evaluation

Characterization studies - SOSRA and TXLA GOM

Multi-state characterization studies in eastern US and west coast
Two source-sink matching studies in Carbon SAFE Phase

e How and where will the “show me” moment occur?

Chemical sector emissions EIA 2018 Refineries Sector Emissions IEA 2018
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Gulf Coast Case

* Concentrated high concentration sources
* Petrochemical, natural gas, LNG
* Investment and growth

Gulf Coast Refining Capacity
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Gulf Coast Case

* Extensive storage resource
* Thick aerially extensive permeable sandstones
* High quality proven ductile seals
* Just offshore - proximal to sources

» State(s) are single surface-subsurface ownershlp —~
charged with use for public good = <

Carretal. 2011
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Focus on Hubs
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Aggregation of sources o &
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and lower cost per ton

2 o)
stored .b\ “! .
* §

Pearland

League City

« @ Legend

© Refineries and Chemical Plant

40 Miles






NATIONAL

' ' iy -
GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX GCCC { 35 Econome recmomy

LABORATORY

Staging a first project to develop
commercial resource

Pilot

o

Refineryor = to: g Enhanced oil
chemical plant EHE — production
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SOUTHEAST OFFSHORE STORAGE RESOURCE ASSESSMENT (SOSRA)
PROJECT NUMBER: DE-FEO026086

Jack Pashin | Oklahoma State University
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WORKFLOWS: DATA ACQUISITION, ANALYSIS

Velocity Surveys, EGOM

Well and log -
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WORKFLOWS: INTERPRETATION, MAPPING

Seismic interpretation, inversion
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WORKFLOWS: MODELING Plume and pressure footprint
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STRATIGRAPHIC CROSS-SECTION, CRETACEOUS, MOBILE AREA
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QIEST FLORIDA SHELF SEISMIC PROFILES
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Stratigraphic column of the onshore South Florida Basin showing predominance of carbonate formations. Prospective CO2 sinks in red, evaporite seals in blue.

Stratigraphic column for the South Florida Basin study area. Storage assessment units consist of a reservoir (red) and regional seal (blue). Modified from Braunstein and others (1988), Pollastro and others (2001), and Faulkner and Applegate (1986). 

Of particular interest (shallowest to deepest) 
Cedar Keys/Lawson Fm SAU (seal middle Cedar Keys Fm, reservoir upper member of Lawson Fm and lower Cedar Keys Fm)
Dollar Bay Fm SAU (seal Panther Camp Formation; reservoir Dollar Bay Fm)
Gordon Pass/Marco Funciton Fm SAU (seal upper Gordo Pass Fm; reservoir Marco Junction and Gordon Pass Fm)
Sunniland Fm SAU (seal Lake Rafford Fm, reservoir Sunniland Fm)
Pre-Punta Gorda units SAU (seal Punta Forda Anhydrite, reservoir Wood River, Bone Island, Pumpkin Bay, and Lehigh Acres

Reference:

Roberts-Ashby, T.L., Brennan, S.T., Buursink, M.L., Covault, J.A., Craddock, W.H., Drake, R.M., II, Merrill, M.D., Slucher, E.R., Warwick, P.D., Blondes, M.S., Gosai, M.A., Freeman, P.A., Cahan, S.M., DeVera, C.A., and Lohr, C.D., 2014, Geologic framework for the national assessment of carbon dioxide storage resources—U.S. Gulf Coast, chap. H of Warwick, P.D., and Corum, M.D., eds., Geologic framework for the national assessment of carbon dioxide storage resources: U.S. Geological Survey Open-File Report 2012–1024–H, 77 p., http://dx.doi.org/10.3133/ofr20121024h.
 or

Roberts-Ashby, T.L., Brennan, S.T., Merrill, M.D., Blondes, M.S., Freeman, P.A., Cahan, S.M., DeVera, C.A., and Lohr, C.D., 2015, Geologic framework for the national assessment of carbon dioxide storage resources—South Florida Basin, chap. L of Warwick, P.D., and Corum, M.D., eds., Geologic framework for the national assessment of carbon dioxide storage resources: U.S. Geological Survey Open-File Report 2012–1024–L, 22 p., 
http://dx.doi.org/10.3133/ofr20121024L.


Hydrogeological Units of Florida, compiled by SEGS Ad Hoc Committee, 1986, 8 p., 1 table






QIEST FLORIDA SHELF STRATIGRAPHIC CROSS-SECTION

A A

e Nw Tampa Embayment Sarasota Arch o
= [J]
£ g%, OCSG-3344
s 553 T
s EE5
w aawn OCS G-3341
07 gl ﬁ 0CS G-3917
g B §
Rock Types 1. OCS G-3912
I ¢
[ ] Limestone 1 é § il
[ Dolomite & | ;
Il Anhydrite =g i ﬁ Pine Key Fm.
20004 | &5 ==
[ ] Sandstone 53 —_— ; i : Datum
Shale i T‘
4000 -

Comanchean

CRETACEOUS
LOWER

©
o
o
S
|
Coahuilan



Presenter

Presentation Notes

Stratigraphic column of the onshore South Florida Basin showing predominance of carbonate formations. Prospective CO2 sinks in red, evaporite seals in blue.

Stratigraphic column for the South Florida Basin study area. Storage assessment units consist of a reservoir (red) and regional seal (blue). Modified from Braunstein and others (1988), Pollastro and others (2001), and Faulkner and Applegate (1986). 

Of particular interest (shallowest to deepest) 
Cedar Keys/Lawson Fm SAU (seal middle Cedar Keys Fm, reservoir upper member of Lawson Fm and lower Cedar Keys Fm)
Dollar Bay Fm SAU (seal Panther Camp Formation; reservoir Dollar Bay Fm)
Gordon Pass/Marco Funciton Fm SAU (seal upper Gordo Pass Fm; reservoir Marco Junction and Gordon Pass Fm)
Sunniland Fm SAU (seal Lake Rafford Fm, reservoir Sunniland Fm)
Pre-Punta Gorda units SAU (seal Punta Forda Anhydrite, reservoir Wood River, Bone Island, Pumpkin Bay, and Lehigh Acres

Reference:

Roberts-Ashby, T.L., Brennan, S.T., Buursink, M.L., Covault, J.A., Craddock, W.H., Drake, R.M., II, Merrill, M.D., Slucher, E.R., Warwick, P.D., Blondes, M.S., Gosai, M.A., Freeman, P.A., Cahan, S.M., DeVera, C.A., and Lohr, C.D., 2014, Geologic framework for the national assessment of carbon dioxide storage resources—U.S. Gulf Coast, chap. H of Warwick, P.D., and Corum, M.D., eds., Geologic framework for the national assessment of carbon dioxide storage resources: U.S. Geological Survey Open-File Report 2012–1024–H, 77 p., http://dx.doi.org/10.3133/ofr20121024h.
 or

Roberts-Ashby, T.L., Brennan, S.T., Merrill, M.D., Blondes, M.S., Freeman, P.A., Cahan, S.M., DeVera, C.A., and Lohr, C.D., 2015, Geologic framework for the national assessment of carbon dioxide storage resources—South Florida Basin, chap. L of Warwick, P.D., and Corum, M.D., eds., Geologic framework for the national assessment of carbon dioxide storage resources: U.S. Geological Survey Open-File Report 2012–1024–L, 22 p., 
http://dx.doi.org/10.3133/ofr20121024L.


Hydrogeological Units of Florida, compiled by SEGS Ad Hoc Committee, 1986, 8 p., 1 table






PROSPECTIVE EGOM SINKS

Well G02468, Desoto Canyon Salt Basin Well G3912, West Florida Shelf

SP . GR Porosity i ;
‘ ‘0'2 (ohm-m) 10010 (GAPI) 100/ |45 ©%,L9) -15 5P , Res-(ohm-m)_ ol (SAF;nwo 45 Pc(’o;,issl)ty 15

SEEEEE SHiEEEn =sscesmeemiesseee e e

=2 ies|

Eemm!

Joh e

E=E=====s

S

e —H]
== === = = s =s=mm
= Ly ——

Punta Gorda

Paluxy

T

i‘
i ‘TP‘TL*"I“A“
I
i
|
in
1] \L T

i

SN Formation — = = — = Anhydrite
éﬁ i;": ‘kﬂ ‘57 ;E;; ;;E;% - ”:
SEEhn £ eImEE £ Major prospects = = e
Extesran il fﬁ%;f E in sandstone of e =EsE=Es = =
& SESE= Al E =
iSARR e B

Tuscaloosa Group e = e
and Paluxy Fm. e

Topseal

TirTr J‘wlw‘L I

[T AT
i i

=~ — Reservoir

IR
[T
IO

T

B i{} : = ES 2 - Porosity
s = localy>15%
= SErgE = Topseal SERRE = (il .— === Reservoir
= = B = :
i EE ’ : = = = = Majorprospects
) et = s i Reservoir EESEEERSaBpNsiliiBai Soosnanseestnn s = — inporousdolomite

T )

—— || Porosity = = - =— associated with
~— 1 Jocally>20% SRESATJEEE = = anhydriteintervals

[T
TG TR ]
il Y

i

Wi

‘ﬁ, :i |:| Shale |:| Sandstone I:‘ Limestone I:l Dolomite |:| Anhydrite






VOLUMETRIC ASSESSMENT, DESOTO CANYON INTEREST AREA
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PALEOGENE-NEOGENE RESERVOIRS, DESOTO CANYON SALT BASIN

Gamma-SP-Resistivity Logs
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OBSERVATIONS

Large portfolio of potential sinks and seals in eastern Gulf of Mexico and South-
Mid Atlantic continental shelves.

Main storage prospects in Cretaceous-Miocene section.

Porosity of sandstone in DeSoto Canyon Salt Basin and Atlantic shelf commonly >
20%; mudrock and chalk seals common.

West Florida Shelf contains dolomite with porosity > 15% and anhydrite seals on
Sarasota Arch.

P., storage resource of 1,807 Gt identified (148 Gt in DeSoto Canyon Salt basin;
879 Gt in West Florida Shelf; 780 Gt in South Atlantic and Mid Atlantic interest

dreas.

Static volumetrics and dynamic reservoir models indicate that average prospective
offshore block is capable of storing multiple decades of emissions from a large
power plant.
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International Panel

Dr Philip Ringrose, Equinor (Norway)
Mr Jiro Tanaka, Japan CCS Co.
Dr Zigiu Xue, RITE (Japan)

Professor Andrew Jupiter, University of the West Indies
(Trinidad and Tobago)
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IPCC 1.5 Special Report

- Impacts and pathways to achieving 1.5C by 2100, in context of

increasing global response, sustainable development and poverty
(IPCC Oct 2018)

Fig SPM.3b

Fossil fuel and industry

Billion tonnes CO, per year (GtCO2/yr)

BECCS

Billion tonnes CO, per year (GtCOz/yr)

Breakdown of contributions to global net CO: emissions in four illustrative model pathways
AFOLU

Billion tonnes CO, per year (GtCOz/yr)

P1: A scenario in which social,
business and technological innovations
result in lower energy demand up to
2050 while living standards rise,
especially in the global South. A
downsized energy system enables

rapid decarbonization of energy supply.
Afforestation is the only CDR option
considered; neither fossil fuels with CCS
nor BECCS are used.

P2: Ascenario with a broad focus on
sustainability including energy
intensity, human development,
economic convergence and
international cooperation, as well as
shifts towards sustainable and healthy
consumption patterns, low-carbon
technology innovation, and
well-managed land systems with
limited societal acceptability for BECCS.

40 P1 40 P2 40 Pa
20 20 20
0 ————— 0 0
— \
20 20 20
2020 2060 2100 2020 2060 2100 2020 2060 2100

P3: A middle-of-the-road scenarioin
which societal as well as technological
development follows historical
patterns. Emissions reductions are
mainly achieved by changing the way in
which energy and products are
produced, and to a lesser degree by
reductions in demand.

Billion tonnes CO, per year (GtCO2/yr)

40 P4
20
0
20 K
2020 2060

2100

P4: Aresource- and energy-intensive
scenario in which economic growth and
globalization lead to widespread
adoption of greenhouse-gas-intensive
lifestyles, including high demand for
transportation fuels and livestock
products. Emissions reductions are
mainly achieved through technological
means, making strong use of CDR
through the deployment of BECCS.

* “Removing BECCS and CCS from the portfolio of available options

significantly raises mitigation costs.” chp 4.3)

e https:// www.ipcc.ch/report/sr15/
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Offshore potential and who is
interested
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Countries doing CCS offshore

- Norway

* Two operation projects since 1997 (Sleipner) and
2008 (Snovit)

* New work on storage assessment and shipping
- Netherlands — Operational project since 2004 (K12B)
- Brazil — Operational project since 2015 (Lula)
- Japan - Operational project since 2016 (Tomakomai)
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LONDOM CONVENTION
AND PROTOCOL

What is the London Protocol?

A stand-alone treaty relating to the prevention of marine pollution
from dumping at sea that has been in force since 2006

Provides the precautionary framework needed for parties to effectively
prevent pollution of the sea caused by dumping of waste and other
matter, incineration, and new activities such as marine geoengineering
or carbon capture and storage

A key pillar of marine environmental protection in an important

international regime that includes MARPOL, UNCLOS and Regional Seas
Agreements






LONDON PROTOCOL CLIMATE CHANGE
AMENDMENTS

| * Carbon capture ahd storage (CCS)in
subsea geologlcal formatlons — 2006 e
amendment in force

e CCSin transboundary formatlons
2008lamendment

" |Viarine geoengineering — 2013
amendment w s -

nnnnnnnnnnnnnnnn
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Plankton populations Iron leads to the depletion
eeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeeee
levels, reviving fisheries ~ alters food chain,
s promotes toxic species;
ooooooooooooooooooo





innovation

I for life mmmm m——

HIGHLIGHTS OF K12-B

First site in the world where CO, is being injected into the same reservoir from which it originated
First and only operational CO, storage project in the Netherlands

Serves as field laboratory on a fully productive gas platform in the Southern North Sea

CO, injection performed on the mature, still producing natural gas field K12-B

12 years of capturing and re-injection of CO, without any major incidents

~ v v v -

) Long term ongoing scientific research

) Close collaboration between operator and
research institutes

8 | History of K12-B 19 April 2016
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All wells were originally developed as natural gas producers

K12-B3st1 - Producer o
In 2004 actual CO, injection started in single well compartment 4* 2 | 5 - Producer

Investigate injectivity and test the injection facility A | / ‘\ | K12-B1 - Producer
Investigate the behavior of CO, in the well and the reservoir )} Z ¢ '
Over 10 kt were injected using the K12-B8 well :

Injection continued in 2005 in multi well compartment 3%,
additional goals:

Investigative well integrity under CO, injection conditions* IR -
Investigate possibilities for CO, EGR “ /@
Over 100 kt and counting....

| K12-B6 - Injector

0 W0 W00 1m0 200 asmom -
e —— —
140000 TN® .

4

9 | History of K12-B 19 April 2016
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All the wells were originally developed as natural gas producer wells

Purpose 1st test: investigate the behavior of the CO2 in the well and the reservoir. Mainly focusing on injectivity and test the injection facility

The well and compartment performed within expectations.

Purpose 2nd test: largely same as before but with the extension of investigating the possibilities for EGR and investigating the well integrity under CO2 injection conditions

Ongoing






Brazil

 Lula, Petrobras, Brazil
« Offshore gas separation and CO2-EOR

« FPSO
* Deep: 2000m water depth, 3000m beneath seabed

* Over 7Mt CO2 injected (Dec 2017) _





THE CARBONNET PROJECT

« Investigating the feasibility for a commercial-scale, multi- FEEiss - Contains the world's 2*
user CCS network in Gippsland, Victoria, Australia l@igEstrown coal deposit
- Produces more than 90%

of Victoria's electricity

* Jointly funded by the Australian
and Victorian Governments to
2020, also supported by GCCSI

- Storage potential >31Gt

Melbourne
[ ]
« Governments have made
significant research investment to L
support CarbonNet - & @575
Latrobe " ) .
« CO2CRC is CarbonNet’s lead V""‘”e“;
research organisation . .
- Zflhz.; The Gippsland Basin

« Working collaboratively with
industry to secure customers and o
investors in a CCS service Tom

B Brown Coal Fielas

11
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So what is the CarbonNet Project?

The project is investigating the feasibility of a commercial-scale CCS network in Victoria.

The network would bring together multiple CO2 capture projects in Victoria’s Latrobe Valley, using a shared transport pipeline, and inject into off-shore storage sites in the Gippsland Basin.

CarbonNet is jointly funded by the Victorian and Commonwealth Government. It is also supported by the GCCSI which we are very thankful for. 

Around $150 million is currently committed for Stage 2 Feasibility and Stage 3 Project Development.   

The project has been underway for around 5 years now.  Along the way the project has adjusted to a number of significant market and policy changes.

For example, when we launched CarbonNet the power generation sector was seen as the one of the key potential users of the network. However, this interest has weakened with electricity demand and prices falling in recent years.  Victoria will not require new generation capacity for another decade.  

In its place, CarbonNet has strengthened its collaboration with companies looking to transform brown coal into higher value products. I’ll talk more about this later in my presentation. 
     







Status of Transportation Assessment

* Major coal-used power plants for large-scale CO, source in the
western and southern coastal areas: long distance to promising
storage sites

* Less public acceptance about CO, transportation/storage in land

* Onshore pipeline
transportation: expensive
cost and less public
acceptance

* Ship transportation from CO,
sources to Hub terminal

e Offshore pipeline
transportation from Hub
terminal to storage sites

Bl Pipeline






—--—- Intemational boundary

Passible slorage areas
in Main Karoa Basin

Coalfields

- Main Karoo Basin

I Onshore Mesozoic basins
Orange Basin
Durban and £ululand Basins

Outeniqua Basin

TOTAL ESTIMATED STORAGE CAPACITY
MILLION TONNES CO2

. 20 000-60 000 Mt
®
L ]

400-20 000 Mt

100—-400 Mt
20100 Mt
=20 Wit

Slorage potential assessed
but found to be negalive

480

kilometres






International Panel

Dr Philip Ringrose, Equinor (Norway)
Mr Jiro Tanaka, Japan CCS Co.
Dr Zigiu Xue, RITE (Japan)

Professor Andrew Jupiter, University of the West Indies
(Trinidad and Tobago)
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Norway CCS Update:

Sleipner, Snghvit and the
Northern Lights project

GoMCarb meeting Feb 11, 2019 Beaumont

Philip Ringrose
Equinor R&T - Trondheim Norway

e

equinor





Norway CCS Building on experience
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Building confidence in CCS
>22 Mt CO, stored
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being developed
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Sleipner Project Summary

Gas from Sleipner West

CO, injection well

Utsira formation

CCS part of gas field development
(800 - 1000 m depth)

 Amine capture from natural gas
Sleipner East e 0.9 Million tonnes stored per year
- Production and injection wells

* Injection started in Sept. 1996

e 22 years assurance monitoring

e Sleipner platform processing CO, from Gudrun
Sleipner East Field field from 2017
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Slelpner Monltormg programme review
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e What was valuable?

2015
* How did it meet the regulations?

Re-permitting

1996:
Injection start

o e e e e By o de ol ol eismic

% E % % Gravimetry
b #“ Visual monitoring
A ATATA

Pididi Chemical sampling

Conformance

Containment

Furre et al. 2017
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Snghvit Project Summary
» First onshore capture - offshore storage project (combined with LNG)

« 150km seabed CO, transport pipeline

Saline aquifers c. 2.4km deep adjacent to gas field
CO, stored initially in the Tubden Fm. (2008-2011) and then in the Stg Fm. (2011-)

Now injecting in second injector with first injector used as back-up

> 5Mt injected so far
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Northern Lights: Part of the full CCS value chain equinor 3
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— Northern Lights

o Open
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Northern Lights: design concept overview equinor %+

Evaporator

Heater

N
M@.N

Export pump

CO, transport ship

Ship
* One ship per capture site Pipeline
* 7,500m3 of CO, per ship * 110km 12 inch pipeline

Subsea
structure

/T

i llfez Subsea injection well
* Injection of CO, into reservoir at ~3000m depth
4 Capacity (Mtly)
5 ————————————————————————————————————————————————————————————————————————————————————————————————————
+ ship(s) Additional jetty, tank and pumping facilities Additional well(s)
1.5 e e e e
2 x ship
1 x ship Onshore facilities Pipeline 1 x injection well (tbc)
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Design for onshore terminal in Kollsnes, @ygarden

Multiconsult

equinor
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Norway CO, storage in numbers

Rate of CO, sequestration
How much is 1Mt of CO2?

50 S
Slei O Snghvit K New CCS? S .

45 elpner Li>nahvi ew :ﬁﬁ?;:iga:t‘?gnin « Annual emissions from 330,000 cars
— 10 (assuming 200g/km)
g 35 « 5 million passenger air kilometres
S
S 30 « 100 million tonnes/km of maritime
o 25 shipping
>
® 20 « One tenth of Norwegian road traffic
= 5 5 0
€ 15 emissions in 2014
=]
O

10

5 9. q .

i Np— e By Annual rate of gas injection in all
0 : e
8888288288 SSS8S8888388R3S88¢S8R_8¢s8¢8¢¢8
e ~35 Gsm3/year (methane)
Year end e Which is equivalent to 64.8Mt CO,

Ringrose, 2018
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Norwegian CO, Storage: Future potential

» Reduces risk and threshold for others

» Enables additional CO, storage

@

» Allows stepwise development of
CCS from more regional hubs

¥

» Basis for emerging CO, value chains:
* Natural gas to hydrogen

* CO2 EOR

equinor

’

g
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» Norway CCS hub:

Possible catalyst for roll-out of CCS in Europe?
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Supporting Refs:
* Furre, A. K., Eiken, O., Alnes, H., Vevatne, J. N., & Kizer, A. F. (2017). 20 Years of Monitoring CO2-injection at Sleipner.

Energy Procedia, 114, 3916-3926.
e Ringrose, P. S. (2018). The CCS hub in Norway: some insights from 22 years of saline aquifer storage.

Energy Procedia, 146, 166-172.
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Presentation Notes

Good afternoon, ladies and gentlemen.

It is a great privilege to present to you today.

Japan CCS is private company established to operate CCS projects on behalf of the Japanese government. 

The Tomakomai project is located on the southern coastline of Hokkaido Island, some 800 kilometers north of Tokyo, in the port area of Tomakomai City, a large industrial center in Hokkaido, with a population of 172,000.





@ World first offshore CCS project in a
busy port area of large city

€ CO, storage governed by Japanese
law reflecting London 1996 Protocol

€ Energy efficient CO, capture
process

€ Two highly deviated injection wells
drilled from onshore targeting two
separate sub-seabed reservoirs with
injection intervals exceeding 1,100m

€ Extensive onshore and offshore
monitoring system for observation of
CO, behavior in the reservoirs, micro
seismicity and natural earthquakes

€ Marine environmental surveys
conducted each season

Main characteristics of Tomakomai CCS Project

| Bird's Eye View of Capture and Injection Facilities

Flare / vent stack
i : CO, absorption tower

[
Injesron et CO, stripping tower

= N COD - Oil Refinery
¢ By TNy - N “_
_ re. & i R .' — - . -
o -”?:"‘3:'. Pt \ PSA off gas compressor
LSS ‘ L e (O TN . =
i (PN MR - _ LP steam boiler g
SR ety o ) 8

Low pressure flash tower

—

Nitrogen supply system
o W NG
. \\‘\ >
Instrument air supply :
system

HP steam boiler
- o

B ' Pure water
' < \ production system
e

Pure water
|
% LS
Secondary low pressure ‘ AR
A N i y'

e [ . _ . ! A N’
CO, compressor Control building b ST A bl £
\ -~ - : R it r . = T s e
S i _ | Fuel oil tank

Waste water treatment pit
D <~ e T

Primary low pressure
CO, compressor
; Cooling tower 53

High pressure
CO,compressor ~
“i:‘-:.'-’ :

JCCS >

Copyright 2019 Japan CCS Co., Ltd.
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Presentation Notes

The project is the world’s first offshore CCS project in a populated city.

A unique feature is that the CO2 injection is conducted by two dedicated injection wells drilled from onshore to offshore.

An extensive monitoring system has been set up to monitor CO2, micro seismicity and natural earthquakes.





.

Tomakomai CCS Demonstration Project : Fact Sheet
| COr S Towr Ll 0O bsoplen Tower

Project : Tomakomai CCS Demonstration Project

-l - Funder : Ministry of Economy, Trade and Industry (METI)
. A\ i Implementer :New Energy and Industrial Technology Development (NEDO)
- b 8o Wl Consignee :Japan CCS Co., Ltd. (JCCS)
s LR G Project type :CO, Capture + Storage (below seabed)
CO, Compressors — | 1 M Scale - Middle
—asH Status : Operation

Year of operation:2016
CO, source :Hydrogen production unit in oil refinery

CO, capture type: Industrial separation
CO, capture capacity :600 tonnes/day (200,000 tonnes/year)

g g -~ CO, recovery ratio :over 99.9%
e CO, concentration :over 99%
€ Project Objectives ‘ CO, capture process: Two stage absorption system + Low-pressure Flash Tower
» To demonstrate .that large-scale CQS system§ with Capture technology : Chemical Absorption (Activated Amine)
offshore reservoirs are safe and reliable, confirm Transport of CO ‘None
that the technologies adopted in the project work P & o _
properly, efficiently through the operation of a full Storage type  :Deep Saline Aquifer (2 layers)
chain CCS system from capture to storage New or retrofit :New
> To define areas which need to be further improved | | Capex :Apr.30 billion yen (without Tax)
or identify issues that need to be resolved towards || Location : Tomakomai, Hokkaido Prefecture, Japan
commercial scale implementation of CCS Facility Construction :JGC, JAPEX, JFE Engineering

Copyright 2019 Japan CCS Co., Ltd. J CCS 3
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The Tomakomai project is 100% funded by the Japanese government.

The CO2 source is a hydrogen production unit of a neighboring refinery. CO2 of over 99% purity is captured and injected into offshore sub-seabed saline aquifers.






Project overview & schedule

CO, source [ Capture facility Injection facility

I TTTTTTTTA e -Tr !
: i ' i
1 - 1
i PSA system in E Activated amine process i
i hydrogen production unit i : N |
i I | | i Compressors i
1 4 ' \ i
E !! !i ] Pipeline i | | ;
i ||| LT ; . T Injecti_on wells
i PSA offgas ] 1.4 km long E Capturing approx.

| CO,=50%, H,=40%, CH, ,etc.=10% ] i 100,000 tly of CO,

Existing oil refinery 3 Max. capturing capacity 200,000 t/year

PSA (Pressure Swing Adsorption )

s oo 0 1 CICHENCOENERERERIED =~ oot
:

Sandstone layers of the Lower
Yy 7 S Y "l-r‘““mﬁ

| 43 ‘% ErVOIr "W L

. : | 1,000~1,200m under the seabed %%‘ N A ;:aP rock

survey Construction CO, Injection p AT
: Volcanic Rocks layers of the Miocene } —

Quaternary Moebetsu Fm.

‘d.* ’é’ﬁ A'

Takinoue Fm.
2,400~3,000m under the seabed

e

Baseline

Monitoring

@ First full-chain CCS system in
Japan from capture to storage

Copyright 2019 Japan CCS Co., Ltd. J CCS 4
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The project is the first full-chain CCS project in Japan.

The HPU provides a gas stream comprising approx. 50% CO2, the remainder hydrogen and methane. 

The capture facility is capable of capturing 200,000 tonnes/year, though we are averaging about 100,000, as the supply from the refinery has stoppages due to scheduled maintenance.

The project schedule is shown in Japanese fiscal years, which run from April to March of the following year. The project was launched in April 2012. The design and construction of the facilities, drilling of the injection wells, and laying out the monitoring facilities was conducted over a 4 year period, and CO2 injection started in April 2016. The target is to inject around 300,000 tonnes over three years. Monitoring will continue for two years following termination of injection.





J Objectives and tasks of Tomakomai CCS Demonstration Project

Develop practical CCS technology by around 2020
€ Demonstrate full-chain CCS system from capture to storage
€ Confirm existing technologies adopted in the system work properly and
efficiently

Tasks
€ Demonstrate CCS system is safe and reliable
€ Confirm effectiveness of site selection guideline prepared by METI by
demonstrating no leakage
€ Remove concerns about earthquakes by the data collected,;
= No influence by natural earthquakes on CO, stored
= No perceptible earth tremors induced by CO, injection
€ Confirm guidelines for geological models (building and improvement)
€ Prepare technical standards regarding operation and safety of CCS projects
€ Disclose project information & data and enhance understanding of CCS by
local residents
€ Clearly define areas to be improved or solved toward commercialization

Copyright 2019 Japan CCS Co., Ltd. J CCS 5
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The objective of the project is to develop practical CCS technology by around 2020, in line with Japan’s Strategic Energy Plan.

We are tasked with demonstrating that the full-chain CCS system is safe and reliable.

Japan is earthquake country, and we want to remove concerns regarding earthquakes, by establishing that natural earthquakes will not affect the CO2 stored, and conversely that the CO2 injection will not induce perceptible tremors.

Another important task is to disclose project information and enhance understanding of CCS.





2 CO, capture process

‘TWO'Stage 002 abSOrption SYStem with low- Tomakomai CO, Capture Process
pressure flash tower providing for low energy CO, capture energy = 1.16 GJ/t-CO,

consumption /I\_> Captured CO, >
J Fuel Gas |~T— A f””\f Low-pressure

[ Conventional CO, Capture Process l:lll: ll l, Flash Tower (LPFT)

CO, capture energy = 2.5~4.0 GJ/t-CO,

CcoO, Absorption/-\
T 73830 300\ CO,
Coz-learé gjs Co, co, ower \l, l, l. ‘L .1. < CO, Stripping
IT Absorption Stripping \l' ‘l’ \ll‘l' Tower
Tower Tower

CO, Semi-lean ’f*f pah $\
amine
RN

CO, Semi-lean

2at amine
: CO,-containing gas l, ¢ ,1, ‘L ‘1, l, ‘l’ ‘l’ Heat
CO, Rich amine CO,Lean amine | PSA Off-gas»-
Note1 : CO, capture energy
=[reboiler heat(steam) consumption / steam boiler efficiency + pump E P
electricity consumption x electricity-heat conversion factor / power CO. Rich amine C02 Lean amine
2

generation efficiency] / CO, flow rate

Copyright 2019 Japan CCS Co., Ltd. J CCS 6
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The Tomakomai CO2 capture system is compared with a conventional system comprising a CO2 absorption tower and stripper. In our system, there is an additional Low-pressure Flash Tower which uses depressurization to capture about 70% of the CO2. There is less work to be done by the CO2 stripper, resulting in total energy consumption that is less than half that of a conventional system.





Onshore-to-offshore injection scheme

€ Deviated CO, injection wells drilled from onshore into offshore reservoirs
» Cost reduction of drilling, operation and maintenance
» No disturbance on marine environment and harbor operation

€ Injection interval length exceeding 1,100m to enhance injection efficiency

0 400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400 4800m
0 //\l i i i I i i A i I & e " " L n " 0
Observation Well for
Moebetsu Fm. :
\ Quaternary sediments
-400 _ -400
\ Injection Wellfor
Moebetsu Fm. Mukawa Fm. (Sandstone, Mudstone, etc.)
. ] - -800
-
Q Moebetsu Fm. (Sandstone) Reservoir
E -1200 1 (TD 3,650"1) r-1200
o NinalEm=(Mudstone)) —
3 Injection Wellfor
E <1600 Takinoue Fm. f 1600
£ Biratori-Karumai Fmxy,(Mudstone) (projected)
&
-2000 ' .2000
Fureoi Fm. (Mudstone)
-2400 r -2400
T1 Member of Takinoue Fm. (Volcanic Rocks)
-2800 ¢ r -2800
-3200 Takinoue Fm. (Mudstone) f 3200
-3600m °| dward(North) 3% Aspect Ratio=1:1 Seaward(South)'3600m

Injectnon well for Moebetsu Formation

ow=geu KOP Vertical Horizontal Maximum Drill
“p GL depth depth reach inclination depth
I

240m 1,188m 3,058m 3,650m

CO, corrosion resistant
steel (Chrome)

CO, resistant cement

No perforation

TRSV:Tubing-Retrievable ¢ perforated liner covered by screens at injection interval
Safety Valve

Perforated lin Screen Wire rap screen

QO

KOP Vertical Horizontal Maximum Drill
Depth depth reach inclination depth

925m 2,753m 4,346m 5,800m

@ Slotted liners at reservoir injection interval

CO, resistant cement

CO, corrosion resistant steel
(Chrome +Molybdenum )
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A main feature of the Tomakomai project is the onshore-to-offshore injection scheme.

By drilling under the harbor, drilling costs were saved, and we have avoided disturbing the marine environment and the livelihood of the local community. So, it is a sustainable way of conducting CCS.

At the right-hand side you see diagrams showing how these wells were constructed. These wells were drilled utilizing oil and gas technology. In oil and gas, wells like these would extract oil or gas from the formations. We are are doing exactly the opposite; through these thin pipes called tubing, we are injecting CO2 into the formations. The formations we are injecting into are filled with water; at the bottom of the wells, the pipes are perforated, and the CO2 gently displaces the water. 

(At the bottom of each well there is an injection interval exceeding 1100m in length to enhance injection efficiency. Almost all of the CO2 injection to date has been conducted with the sandstone; we have not been able to do much with the deeper volcanic reservoir.)





Layout of monitoring system

el

o € Extensive monitoring system to address

S R e TN T : '{f{ '
" ) i e o R N g T . rid

- 1 '& | Rl ._o...w 4§

"‘/ V‘V: J Gm‘l.'l:':.'“. I.-.-.:-..I. " 'l‘i-'-.l.'. -’ i g :;"' .I ‘-\t, \f&-
E i) O Onnore ssmometer: [y, - e i AT
‘ PO 0ot S '

AHRTOBSEE

::\‘ .'}/ C}«z 57 % A T i i B Al o - - - - | . — L by
nshore Seismic 2R Sanan Observation well OB-2 for L .i‘-"
Station ; N /g Moebetsu Form. (vertical) ( ¥Dbservation welhQB3.for

1 for Takinoue Form. ~— Takinoue Form.{ vertical)

Telephone and converted from *
~ | power pole survey well (deviated) ' Working area of 3D

. Seismic surve
Wellhead y

tower

OBS (Ocean Bottom Seismometer): used for &
monitoring of micro-seismicity and natural ———

earthquakes. m Diameter: 9 cm
3C sensor module  Weight: 12.6 kg

Lngth: 1.37 m

OBC (Ocean Bottom Cable): used for 2D seismic survey
and monitoring of micro-seismicity and natural
earthquakes.

oBC

: . 0 1 2 2
Observation well B S S s s B D

0B-1 Image: LC81070302016141LGMN00D, courtesy of the U.S. Geological Survey, text by JCCS
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This diagram depicts the monitoring system.

The red lines show the trajectories of the injection wells; around the wells, we have deployed 4 OBS’s, and a buried OBC. There are also 3 observation wells, shown in green.
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CO, injection record of Moebetsu Formation
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— Injection Rate — Bottom Hole Pressure — Cumulative Injection
Period : 2016/4/7 — 2019/1/31 * Annualized injection rate : at 365 operation days per year
| |
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“—> |
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Ii |
//
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I
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€ Two seismic monitoring areas
» Monitoring area for micro seismicity 6km by 6km
covering the injection area using the OBC, OBSs and
observation wells
» Monitoring area for natural seismicity 50km by 38km
utilizing the onshore seismic station and nearby Hi-net
stations deployed by the Japanese government

*The onshore seismic
station of the project has the
same specifications conform
to Hi-net stations: High-
Sensitivity Seismograph
Network” of National
Research Institute for Earth
Science and Disaster
Prevention.

Copyright 2018 Japan CCY Small photo Image: LC81070302016141LGNOO, courtesy of the U.S. Geological Survey
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We are monitoring seismicity over two areas. A narrow 6x6km area for micro-seismicity, and a broad 50x38km area for natural seismicity.





Micro-seismicity

141725 141730 141735 laraor 141745 141750
A "

Total 9 events
Depth: 5.9km - 8.6km
12730 MW: '0-09~0.24

T > During Injection 2016/4/6-2018/10/31

” Cross-sectionNS) | 4 No micro-seismicity ( Mw > -0.5) in/around
£ S the depth range of the reservoirs before and
| | after the start of injection
b 4] @ ]
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We have been measuring micro-seismicity since Feb. 2015, a little over one year prior to the start of injection. We have recorded 9 events prior to, and three events after startup of injection, which are plotted on this diagram. We are injecting at a depth of about 1 km, whereas the micro-seismic events are occurring at depths of 6 to 8 km; therefore these events are believed to be unrelated to the CO2 injection.
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Hokkaido Eastern lburi Earthquake : Location of epicenter

€ Magnitude 6.7 at 3:07 am on 6" Sept. 2018

v The epicenter is about 31km in horizontal distance from the Tomakomai Project CO, storage point and at a
depth of about 37km; the direct distance between the storage point and the epicenter is about 47km

v Acceleration of 158 gal was observed at the capture facility

T S,

Time of occurrence : 03:07 am 6 Sept. 2018
Size of earthquake : magnitude 6.7

Location of epicenter (JMA)

- lat42.7° - Lon 142.0° - Depth ~37km
Seismic Intensity at Tomakomai : lower 5
Distance between upper end of Moebetsu

Fm injection point and epicenter Wi [1C81070302016141LGNOO, courtesy of the U.S. Geological Survey] % ML
* Horizontal : ~31km - Direct : ~47km Copyright 2018 Japan CCS Co., Ltd.

* e S0

Plan view

Injection Well IW-2  Observation Well OB-3

Epicenter

||\||||\\ll\‘|\||\IIL||[|||\|||||\|||II\|||\|||\Il
Okm WP = e S S SEq SR NSRS S SEE SrE e E see s Okm
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1 40,(.) \‘ ' |

3 LI -
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20km — — 20km
30km —| — 30km
40km _: Hypocenter :_ 40km
50km — — 50km

Cross section view

Positional relationship between epicenter and in!'ection point J C C S
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As some of you may recall, a major earthquake struck the island of Hokkaido on Sept. 6. The epicenter was 31 km away from where we are injecting CO2, at a depth of about 37km; the direct distance was about 47km.





.

Hokkaido Eastern lburi Earthquake : Reservoir pressure and temperature

€ CO, injection was suspended on 1st Sept. 2018 due to the stop of supply of PSA offgas
€ Earthquake occurred on 6" Sept. 2018, during the decline of pressure and temperature of the reservoir
€ No shift of declining trend of reservoir temperature and pressure before and after the earthquake

38.0 - N - 90.0
5, lakinoue Fm. Injection Well IW-1 g0 5
— 37.0 Injection Suspension 89.0
© ’ i Py
o 365 Pressure Main Shock = 885 O
g 36.0 Sensor 1 8.0 l;
g 35.5 Sensor 2 = . t 87.5 -§
2 350 Temperature \ Power outage = g70 ©
(D
L 345 86.5 Q
* 340 Sensor 2 \ 86.0 5
33.5 Resumption of Test Injection 85.5
330  Sensorf 85.0
10.5 48.0
10.4 Mergtsu Fm. Injection Suspension 47.0
— Injection Well Temperature -
5 103 : 46.0 —
= 10.2 IW-2 45.0 &,
o 101 CO2 supply : 440 9
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& 9.9 for scheduled | Pressure / Power outage 420 o
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Bottom hole pressures and temperatures of the Moebetsu and Takinoue Formation injection wells
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This is the record of the bottomhole pressure and temperature of the shallow well during this period. The well was injecting until Sept. 1, after which injection was suspended due to a stoppage of supply from the refinery, and the temperature and pressure was in decline.

There is a gap in the data due to an island wide power outage caused by the earthquake. However, you can see that after we recovered power, the declining trend continues.

This data is clear evidence that the earthquake had no effect on the stored CO2. Similar results were obtained for the deep well, as well as other earthquakes in the past.

(The micro-seismicity and bottomhole data are clear evidence for the case of removing concerns about earthquakes in relation to CCS)





.

3D seismic survey

€ The first monitor 3D seismic survey at cumulative CO, injection of 61,000 to 69,000 tonnes into the Moebetsu
Formation detected a clear anomaly along the injection interval

Survey lines

Result of the first monitor survey

@ The first monitor survey :

@ Baseline survey :
Oct. to Nov. 2009

Jul. to Aug. 2017

10334

g M PR

Tomakomai Ko

0 1 2 3 (km)

Receiverlines -

Source lines

TOmak
% (o] i
— mfa]port areg (')

! Anomaly associated with cumulative
CO, injection of 61,000 to 69,000 tons
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€ RMS (Root Mean Square) amplitude
of difference of reflected waves from
those of the baseline survey at the K
depth of the reservoir (992 to

1032msec.).
—:l:-
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Plotted on Japan Coast Guard Nautical Chart

Plotted on Japan Coast Guard Nautical Chart
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We are conducting what are called seismic surveys over the injection area. We take a measurement prior to startup of injection, and repeat the same survey during the course of the injection, and subtract the data of the two surveys. By doing so, we will be able to see if there is any difference.

On the right-hand side you see the results of a repeat seismic survey we conducted when we had injected around 60 – 70 thousand tonnes of CO2.

Overlain over this data is the trajectory of the injection well. What you see is a bright spot corresponding to the injection interval in the well diagram you saw in a previous slide. What you are seeing is that as the CO2 is smaller in density compared to the water it displaces, the technology is able to image this difference. The data confirms that the distribution of the injected CO2 is limited to a small area near the well, and not going all over the place.

(From July to August last year, when the cumulative injection was between 61,000 and 69,000, we conducted a 3D survey, and compared it with the baseline survey. We believe we have successfully imaged the injected CO2, as a bright spot matches up perfectly with the upper part of the injection interval.)





.

Marine environmental survey

€ In Japan sub-seabed CO, storage is governed by “the Act for the Prevention of Marine Pollution and Maritime
Disaster” reflecting the London 1996 Protocol, under the jurisdiction of Ministry of the Environment (MOE)

» Methods of Survey

 Current direction and speed survey
by Current Meter
« Sampling of seawater by Water

Sampler for concentration of salt etc.
and plankton observation

» Seabed mud survey by Bottom
Sampler

« Collection of benthos by Net or
Dredge Unit

» Observation of benthos by divers or
ROV

» Surveys in Three Stages
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survey

* During demonstration operation
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 After demonstration operation
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We are closely monitoring the marine environment, taking a whole suite of samples at designated stations on the seabed, four times a year.

We monitor the CO2 concentration in the water to make sure that there is no leakage of CO2 from the seafloor.

(Based on a domestic law reflecting the London Protocol, we are required to conduct marine environmental surveys each season, taking samples at 12 stations.

A crossplot of pCO2 and dissolved oxygen is mapped, and we are required to stay below a threshold. We initially ran into problems by setting a conservative threshold based to too few data points, and this threshold has recently been revised.)





= Public Engagement

€ The Tomakomai CCS Demonstration Project is being conducted with the understanding and support of the local
government, industries and local community

Tomakomai CCS Promotion Association Public Outreach Activities
®Panel Exhibitions o

Establishment : April 2010 (prior to selection of Tomakomai site) Expand exhibition area in accordance
with progress of project
Activities : 1) Promotion of Tomakomai CCS Demonstration Project @Forum for Tomakomai Citizens

Continue holding forums to maintain
understanding of CCS by many people

3Site Tours
Show facilities and observation wells to
general public

2) Dissemination of information to Tomakomai citizens
Chairman : Tomakomai City Mayor

Members : All major corporations in Tomakomai and industrial associations,

Tomakomai Fishery Cooperative @Information Disclosure System
| Disclosure of CO, injection volume,
borehole pressure & temperature,
seawater CO, concentration,
earthquake & micro-seismicity data
on JCCS website

Secretariat : Tomakomai City - -

n dioxide Capture and Storag: =

Qgngim‘ S i (S

®Mini seminars for students
Held in universities in Hokkaido as well
as nationwide

©®Kids’ lab classes/site tours
Held in primary and secondary schools in
Tomakomai; enhance understanding of
global warming and CCS through CO,
experiments. Site tours for children.

Copyright 2019 Japan CCS Co., Ltd. JCCS 16
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The project being situated in a large city, we cannot conduct this project without the understanding and support of the local community. 

In this regard, we are receiving strong support from the city of Tomakomai, which set up an association to promote the project. The city has a legacy of being an environmentally conscious city, and has aspirations to be the model for CCS in Japan.

We are conducting an extensive public outreach program in the city and neighboring towns, (comprising panel exhibitions, an annual forum for Tomakomai citizens, information disclosure through our website and Tomakomai City Hall) to keep the local community informed.

We even go out to local schools, to talk about global warming and CCS.






~ " International Collaboration : High Resolution 3D Seismic Acquisition at Tomakomai

€ Collaboration with DOE (U.S. Department of Energy)
> Memorandum of Cooperation (MOC) for collaboration on CCS technology development signed between DOE and Japan Ministry of
Economy, Trade and Industry (METI) in April 2015.

> InJuly 2017, as joint research at Tomakomai CCS Demonstration Project site, DOE made decision to provide funding of US$ 2.5 million to

Bureau of Economic Geology, University of Texas for implementation of data acquisition and analysis, including HR3D marine seismic data
acquisition.

> In August 2017, University of Texas conducted acquisition of HR3D seismic data at Tomakomai CCS Demonstration Project site.

. . . Im 26 m (3.126m X B CHs) rsrs
The array design in Tomakomai HR3D . . T
§T°"‘a"°"'“‘ Eory survey comprised 4 streamers that Al _
ntenna / . -|.|
are 25 min length with 10 m inline <D
. ®1—(# [ GI Gun (210 cu.in.)
separation. Each streamer has 8 <] I ———
A\l [
channels with a 3.125 m group Survey Vessel |\
interval, yielding a very small final bin Crane L - & B
! = GeoEel Cable
Lead-in Cable
size of 3 x 3 m. Source and receiver
DGPS Buoy Link
. . . . Antenna rGP3
positioning were achieved using 5 = P Tail
— i Buay [ 3 =h

rGPS units in the water and a DGPS
antennae on the vessel.

Seafloor (m)

@ : GPS Receiver

[ Detailed parameters : see Figure T-4 ) ( not to scale )

325

27.5

Parameters Specification
22.5
17.5 A 210 cubic inch Gl airgun was used Streamers =
12.5 as an acoustic source. Over a period Channels . 8 per streamer = 32 total
of 6 days, approximately 2 square Lo sl 0m
. . Group interval 3.125m
kilometres of data were acquired
— . . Source 210 cubic inch GI Airgun
fr‘;fd’z";::':':";::m :‘::) during daylight hours. . . g
ol e e Inline shot spacing 6.25m
Observation Well #1 (Takinoue Fm) Bln Size Ix3m

© Observation Well #2 (Moebetsu Fm.; Vertical)

Source: High-resolution 3D seismic acquisition at the Tomakomai CO, storage project, offshore Hokkaido, Japan; T.A. Meckel,
Y.E. Feng, R.H. Trevino (Gulf Coast Carbon Center, Bureau of Economic Geology, The University of Texas at Austin)
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Lastly, I put up this slide as a token of international collaboration that is taking place in Tomakomai.

The U.S. DOE and the METI of Japan have entered into an MOC on CCS technology development.

Based on this MOC, DOE provided funding to the University of Texas, which conducted a high resolution 3D survey over the Tomakomai site.

The data acquired was an important complement to our conventional 3D dataset.

I won’t say any more, as the results will be presented in Poster Session B this afternoon.





Conclusion

€ Full chain CCS system from source to storage is in operation; objective is to develop practical CCS
technology by around 2020
» Demonstrate safety and reliability of CCS system
» Remove concerns about earthquakes and induced seismicity
€ Notable features of project

» Low energy capture system (world-class)
» Deviated injection wells from onshore site into offshore reservoirs avoiding disturbance of local livelihood
» Extensive monitoring system for seismicity

€ The “Moebetsu Formation” (shallow reservoir) has demonstrated superior injectivity, and CO, injection is
progressing smoothly with cumulative injection at 215,675,075 tonnes (as of 31st January 2019)

€ No seismicity (Mw > -0.5) has been detected in/around the depth range of the reservoirs before and after
the start of injection

€ Natural earthquakes have not caused any damage to the facilities or reservoirs of the project

€ The first monitor 3D survey successfully detected an anomaly at cumulative CO, injection of 61,000 to
69,000 tonnes into the Moebetsu Formation

€ Project being conducted with understanding and support of local community

Copyright 2019 Japan CCS Co., Ltd. JCCS 18





Thank you for your attention.

http://www.japanccs.com/

This presentation is based on results obtained from a project
commissioned by Ministry of Economy, Trade and Industry (METI) and

the New Energy and Industrial Technology Development Organization
(NEDO).

= @ : mhtmmﬂéban CCS-Co.} Ltd:





		Slide Number 1

		Slide Number 2

		Slide Number 3

		Slide Number 4

		Slide Number 5

		Slide Number 6

		Slide Number 7

		Slide Number 8

		Slide Number 9

		Slide Number 10

		Slide Number 11

		Slide Number 12

		Slide Number 13

		Slide Number 14

		Slide Number 15

		Slide Number 16

		Slide Number 17

		Slide Number 18

		Slide Number 19




DEVELOPMENTS AND CHALLENGES

FOR OFFSHORE CO2 STORAGE
IN JAPAN

Zigiu Xue* (xue@rite.or./p) and Keisuke Uchimoto

Research Institute of Innovative Technology for
the Earth (RITE), Kyoto JAPAN




mailto:xue@rite.or.jp



GoMCarb/SECARB Partnership Meeting, Feb. 11, 2019, Beaumont, TX

2000- Nagaoka Pilot Test 2010- Tomakomai Large—Scale 2020-
Onshore: 10 kt offshore: > 100 kt/y
Pllot Demonstration

Practical Use

(1 million tly)
@ )
i : r D
g‘te . glalg.]ao'l;a i« Site : Tomakomai
Feser\;plr j Sa I:Iet quiter Reservoir  : Saline Aquifer
ofmation j andstone Formation : Sandstone (shallow),
Injection : 2003.7~ :
2005.1 - Volcanic Rocks (deep)
Total CO 10.400 ¢ ' Injection : 2016~2018
oLz 1bstlion TotalCO2  :>300 kt (planned) |
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€ \Norking area of 3D seismicsurvey

OBC (Ogean Bottom Cable): used for 2D seismic survey and
monitoring of miao-seismidty arxd natural earthquales.

OBS (Ocean Bottom Seismometer): used for monitoring of
miao-seismidty and natural earthquales.

Ocean Bottom Cable for 2D Seismic and Microseismic Monitoring
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» Noise reduction after buried in seabed

Broken line: Before buried
Solid line: after buried

Land Side module Mo, Offing Side





» Detecting microseismic Events

OBC Acquired Data Conventional Station
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EIA at the Tomakomai offshore project

Act for the Prevention of Marine Pollution and Maritime Disasters

 May 2007: The act was amended for permit procedure on dumping CO2
stream 1nto sub-seabed formation.

Operator of Offshore COz2 storage,
* Shall receive permission from environment minister.
* Shall implement Environmental Impact Assessment.

* Shall monitor surrounding sea environment.
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Threshold for Ecological CO:2 Impacts
Estimated from a Biological Impact Database
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Deep-focused Monitoring (Early Warning of Unexpected Migration),

Shallow-focused Monitoring (CO:z Leakage Detection)
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This talk is based on results obtained from a project commissioned by
the New Energy and Industrial Technology Development Organization

(NEDO) and the Ministry of Economy, Trade and Industry (METI) of Japan.
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THE POTENTIAL OF bARBON CAPTURE
AND STORAGE AND UTILISATION IN
TRINIDAD AND TOBAGO

Prof. Andrew Jupiter - University of the West Indies
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AGENDA

» Location of Trinidad and Tobago (T&T)

» Impact of Climate Change on the Caribbean
» Results on Carbon Capture in T&T

» Rationale for CCS in T&T

» Key finding from local studies

» Way forward for T&T

Partnership UT/UWI
Beumon t Texas
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Impact of Climate Change on the Caribbean
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LIMATE CHANGE IMPACTS IN THE
CARIBBEAN (DOMINICA -2017)

Partnership UT/UWI {
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MATE CHANGE IMPACTS IN THE
TRINIDAD AND

L0 LRel,

Samaroo J., 2018
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CLIMATE CHANGE IMPACTS IN THE CARIBBEAN

Livelihoods Severely affected:
» Food Security
» Infrastructure
» Economic and financial impacts
» Coastal and marine resources

» Water Resources
» Health

Partnership UT/UWI
Beumont Texas





Results on Carbon Capture in T&T






&T’s GHG Inventory - 20135

Agriculture|  Flared/Fugitive
Manufacturing 1% / 2%

5% \L 7

Transport
9%

In 2015, 45 Million Tonnes of GHG emissions occurred in T&T. More
than 80% emanated from the Petrochemical and Power Sectors.

Partnership UT/UWI
Beumont Texas

Boodlal, 2017





&T’s GHG Inventory - The
Petrochemical Sector

Ammonia Gas Processing
Derivatives g‘j 6%
Refinery o .

In 2015, within the Petrochemical Sector in T&T, more than 80% of GHG
emissions originated from Ammonia and Methanol Synthesis.

Partnership UT/UWI

Beumont Texas Boodlal, 2017





’s GHG Inventory - The Power
Sector

Commercial /-StFEEt Lighting
5% \ / 1%
\ ,

Residential
13%

_-‘—-—‘-‘-‘-'"‘-—

In 2015, within the Power Sector in T&T, 81% of GHG emissions
originated from Industrial consumption.

Partnership UT/UWI
Beumont Texas Boodlal, 2017





® Process Emissions from Ammonia Synthesis

* Four (4) million metric tonnes per annum, available for CO,

sequestration projects

" Process Emissions from Atlantic (1 million metric tonnes per annum are

available)

Partnership UT/UWI Boodlal, 2017
Beumont Texas





Rationale for CCS in T&T






Why not Ocean and Terrestrial
Sequestration?

= Ocean sequestration is unsafe and unreliable
m Trinidad is 5000 km? = 500,000 hectares

» Eleven tonnes/hectare of tropical forest per year can be
sequestered. (IPCC, 2006)

= 500,000 x 11 = 5.5 million tonnes would be the maximum
amount of emitted CO, that could be captured by natural sinks

Partnership UT/UWI
Beumont Texas
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Critical Factors to Geologic Sequestration

m Costs

= Public acceptance

m Leakage of injected CO,

Partnership UT/UWI
Beumont Texas





Perception of the Safety of Geologic CCS

LY L Sy

Very Dangerous —Very Safe
. _ | o
Dangerous _ 204 f 10%

13% /

Uncertain

i

Partnership UT/UWI
Beumont Texas Alexander et al., 2018





THE CERM PROJECT:

MAXIMISING VALUE THROUGH COLLABORATION
AMONG GOVERNMENT AND GOVERNMENT-
SPONSORED ACADEMIC INSTITUTIONS

|

eResearch
*Project
Coordination

Academia

State
Enterprises

I *Regulations

|

*Oil Production
e Gas Transmission

|
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Investment

Source: Schlumberger Oil Review
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Key finding from local studies






Key finding from local studies

CO, can be trapped for thousands of years fault and cap rock
must be sealing.

Partnership UT/UWI
Beumont Texas
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Way forward for T&T






Way forward for T&T

» Capacity Building at the Educational Institutions
« National climate change workshops

e Public Awareness

 International Partnerships

* Conducting local research
» Storage Capacity

e Demonstration projects

Partnership UT/UWI
Beumont Texas
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. Provide opportunities to commercialize carbon
emissions*
2. Provide the necessary detail for sound CO,EOR

investment decisions

3. Build local expertise with a new generation of
geoscientists and engineers to design, operate and
optimize CO,EOR and CCS in Trinidad.

4. Overallreduction in carbon footprint

WWW.THECERMPROJECT.COM
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