N=TL

the ESNSRGY lab
PROJECT FACTS

Characterization of Pliocene and Miocene
Formations in the Wilmington Graben,
Offshore Los Angeles, for Large Scale
Geologic Storage of CO,

Background

Carbon capture and storage (CCS) technologies offer the potential for reducing CO,
emissions without adversely influencing energy use or hindering economic growth.
Deploying these technologies in commercial-scale applications requires adequate
geologic formations capable of (1) storing large volumes of CO,, (2) receiving injected
CO, at efficient and economic rates, and (3) retaining Co, safely over extended periods.
Research efforts are currently focused on conventional and unconventional storage
formations within depositional environments such as: deltaic, fluvial, alluvial, strandplain,
turbidite, eolian, lacustrine, clastic shelf, carbonate shallow shelf, and reef. Conventional
storage types are porous permeable clastic or carbonate rocks that have fluids such as
brine, oil, or gas in the natural void spaces of the rocks. Unconventional storage types
include unmineable coal, organic shale, and basalt interflow zones'.

The Department of Energy’s (DOE) National Energy Technology Laboratory (NETL)
selected 10 projects that received $49 million of DOE funding to characterize promising
geologic formations for CO, storage. The funding was provided by the American
Recovery and Reinvestment Act of 2009 (ARRA), which was enacted to create new
jobs, spur economic activity, and promote long-term economic growth. This research
further advances DOE'’s efforts to develop a national assessment of CO, storage
resources in deep geologic formations. These 10 projects are focusing on the regional
site characterization of high-potential geologic storage formations. They will assess
and develop comprehensive data sets of storage formation characteristics (porosity,
permeability, reservoir architecture, cap rock integrity, etc.) to provide insight into
the potential for selected geologic reservoirs across the United States to safely and
permanently store CO,. An additional $50 million of ARRA funding was provided to
augment the work that the existing projects are conducting. This additional funding is
allowing these projects to further characterize reservoir geology, identifying additional
storage opportunities forindustrial CO, sources. This additional funding is allowing these
projects to drill additional and/or deeper characterization wells, collect significantly
better log and core data to populate models, collect additional geophysical data, and
integrate additional data and conduct more extensive reservoir models.

'"DOE NETL 2010 - Geologic Storage Formation Classification: Understanding Its Importance and Impacts
on CCS Opportunities in the United States, http://www.netl.doe.gov/technologies/carbon_seq/refshelf/
BPM_GeologicStorageClassification.pdf
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Project Description

Terralog Technologies Inc. (Terralog) is working to characterize
the Pliocene and Miocene sediments in the Wilmington Graben,
offshore Los Angeles, CA, for high volume CO, storage. These
sediments are expected to span more than 5,000 ft of vertical
interval, with estimated capacity to store more than 100 million
metric tons of CO,.

The project extends for three phases, with the first phase
devoted to completing a detailed review and interpretation of
existing exploration well log data, 2-D and 3-D seismic data, and
acquiring and analyzing new lines in current data gap areas. This
information will be integrated into extensive existing geologic
interpretations for adjacent onshore areas and fields to help
characterize optimal areas for CO, storage and seals to hold the
CO, in place. The effort will target the Pliocene Formation by
drilling, coring, and testing one well in the northern Wilmington
Graben area.
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In the second phase of the project, Terralog will drill a second
characterization well in the western Wilmington Graben area
from an existing offshore platform. Integrated 3-D geologic
and Geomechanical models for the Wilmington Graben will
use populated grid data derived from lithologic properties
to allow for additional quantification and analysis of storage
targets and seals. A CO, injection and migration model will
also be developed and calibrated against well injectivity data
to simulate long-term injection, CO, migration and storage.

In the third phase of the project, a detailed engineering review
and documentation of the top 20 CO, emissions and sources in
the LA Basin will be performed. Next, Terralog will complete
a detailed engineering study and feasibility analysis on using
existing and/or new pipelines in the LA Basin to transport
CO, from emitting sources to storage sites. This will include
documentation of current and potential pipeline locations,
engineering design, logistics, regulatory permitting issues, and
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Figure 1. Location of the Wilmington Graben within the Los Angeles basin.
Stationary CO, sources are also indicated on the map.



cost estimates. A third characterization well will be installed
on the landward side of the Wilmington Graben to expand the
associated geologic and plume migration models, to reduce
uncertainty and risk for long term storage, and to refine storage
capacity estimates. Finally, a comprehensive risk assessment
(including geologic uncertainty, potential well leakage paths
and natural and induced seismicity) will be completed.

Objectives

The primary objective of the DOE’s Carbon Storage Program
is to develop technologies to safely and permanently store
Co, and reduce Greenhouse Gas (GHG) emissions without
adversely affecting energy use or hindering economic growth.
The Programmatic goals of Carbon Storage research are:
(1) estimating CO, storage capacity in geologic formations;
(2) demonstrating that 99 percent of injected CO, remains
in the injection zone(s); (3) improving efficiency of storage
operations; and (4) developing Best Practices Manuals (BPM:s).

The objective of this project is to comprehensively characterize
two geologic storage formations (Pliocene and Miocene
Formations) within the offshore Wilmington Graben and assess
the CCS potential around the Los Angeles, California metro
area. Preliminary CO, storage estimates in the Graben exceed
100 million metric tons.

Accomplishments

- Terralog has acquired 175 km of new 2-D seismic lines and
completed drilling of the first characterization well into the
Pliocene Repetto Formation.

« Rock properties have been obtained from the Pliocene Pico
and Repetto formations and used to supplement existing
data to develop 3-D geologic structure maps.

+ Both the existing and newly acquired site data have been
integrated into a 3-D CO, migration model (TOUGH2) and
a geomechanical model (FLAC3D). These models allow for
additional quantification and analysis of storage targets and
sealsand have the ability to simulate long-term CO, injection,
migration and storage.

- A5 yearinjection and 50 year CO, gas plume migration model
for the northern and central portions of the Wilmington
Graben have been completed. The CO, has migrated 550 m
horizontally and 350 m vertically in the northern portion and
1100 m horizontally and 400 m vertically in central portion
of the basin. Based on our simulation on various injection
rates, we recommend injecting 250,000 MT/Y of CO, per well
to ensure the pressure does not exceed the fracture gradient.
We further recommend placing the well a minimum distance
of 1000 m (3280 ft) away from any existing un-cemented wells
and all other injection wells to avoid extensive CO, plume
interference.

« Thetop 20 industrial sources of CO, emissions in the LA Basin
have been identified. Furthermore, sinks such as oil and
gas fields, saline aquifer reservoirs and gas storage fields
plus existing oil and gas pipelines have been identified and
digitized. Aninteractive map is now available online at www.
socalCARB.org where these CO, sources, sinks and potential
pipelines can be viewed. This data has also been submitted
to NATCARB.

« Terralog is continuing work on targeting the Miocene
Puente Formation by drilling, coring, and testing a second
characterization well in the western Wilmington Graben area
from an offshore platform.

- Theintegrated 3-D CO, migration and geomechanical models
will be refined with lithologic properties as new well data are
acquired.

- A risk analysis regarding large scale CO, injection into a
subaqueous saline aquifer is currently underway. The report
will identify specific risks such as induced seismicity and
seismic hazards, caprock integrity, lateral CO, migration and
existing well leakage paths.



Benefits

The results from this study are expected to provide a summary
of basin-scale suitability and will identify and prioritize potential
offshore CO, geological storage opportunities. Offshore
geologic storage offers additional CO, storage opportunities
and may prove to be easier, safer, and less expensive than
storing CO, in geologic formations on land, particularly during
the early days of commercialization. Offshore storage provides
several advantages that include: (1) additional CO, storage
potential in the United States to supplement existing onshore
capacity estimates; (2) locating geologic storage sites away from
heavily populated areas; and (3) reduces the risk to underground
sources of drinking water.

Specifically, this project will contribute to the understanding
of injectivity, containment mechanisms, rate of dissolution and
mineralization, and storage capacity of the Wilmington Graben
and associated analog basins. The benefit of this research
is that it will broaden the experimental knowledge base of
best practices for site characterization and approving storage
site selection with the ultimate goal of developing practical
guidelines for future commercially developed CO, storage
sites. This effort provides greater insight into the potential for
offshore geologic formations of the United States to safely and
permanently store CO, and refines the national assessment of
offshore CO, storage capacity in deep geologic formations.

Expected project results will establish and document the
potential for more than 100 million metric tons of CO, storage
in this area. This effort will supplement and expand the
WESTCARB Carbon Atlas Database, as well as the National
Carbon Sequestration Database and Geographic Information
System (NATCARB). A full characterization of these formations
for CO, storage will help establish and broaden the options
for large scale CO, geologic storage throughout California.
Furthermore, this project will evaluate CO, storage potential
in an offshore/near-shore region, which represents a unique
effort and contribution to the portfolio of U.S. national geologic
storage investigations.
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