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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 for industrial CO, sources. This additional funding is
allowing these projects to drill additional and/or deeper 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 DURATION

Start Date
12/08/2009

End Date
09/30/2013
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Total Project Value
$12,041,144
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Government funding for this project
is provided in whole or in part
through the American Recovery and
Reinvestment Act.

DOE/Non-DOE Share
$8,796,050 / $3,245,094

Project Description

The Rocky Mountain Carbon Capture Sequestration (RMCCS) team identified
the Cretaceous Dakota Sandstone, Jurassic Entrada Sandstone, the Navajo
Sandstone, and the Pennsylvanian Weber Sandstone as very promising geologic
storage formations in the Rocky Mountain Region (Figure 1). These formations
are ubiquitous throughout the region and represent common geologic storage
candidate sites for most point sources in the region. While most analyses of this
project are targeting the Dakota (Figure 2), Entrada and Weber, meaningful data
for the Navajo will be included as an ancillary target.

This project is focusing on collecting and analyzing rock core and geophysical
data from these formations as well as conducting new data collection and model
simulation analyses for a representative case-study area in northwestern Colorado,
near the Craig Power Station. This includes analysis of the storage potential
of these deep-saline formations within a large, Laramide-age structure just
south of the town of Craig, Colorado. The study includes a detailed structural
analysis of this large forced fold, as well as characterization of the finer geologic
structure and stratigraphy of the candidate saline aquifers and their overlying
seals. Analyses of the broader region include the Navajo and other promising
Jurassic-aged storage target formations.
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3D geologic model of the subsurface structure at the characterization site near Craig, Colorado

The RMCCS team is characterizing the local and regional storage potential of
these most promising formations using fundamental geological, geophysical,
and existing rock core data from all areas of the region. A 9,745 foot deep wellbore
was drilled for the purpose of core collection, geophysical logging, and other
analyses. Simulation models were developed to integrate and evaluate injectivity
and overall capacity potential, and these analyses are under way. All local
information, coupled with data and collaborative support from the geological
surveys of New Mexico, Arizona, Utah, and Colorado, are being used to calibrate
broader analyses and extrapolate the regional significance of the formations
in the southwestern region. The RMCCS team will interpret regional storage
potential by calibrating regional models with results from the focused case
study of the Craig Power Station site and similar local case study sites in each
state of the southern Rocky Mountain region, including Utah, New Mexico and
Arizona.



Objective(s)

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 (BPMs).

The primary objective of this
University of Utah project is to
characterize and analyze several
of the most promising carbon
storage formations near the Craig
Power Station in Colorado, and
similar local case study sites in
Arizona, New Mexico and Utah. Current storage resource estimates indicate that
over 700,000 million metric tons of CO, could be stored in the saline formations
of the south-western United States. Results from this project are being used to
further characterize the regional significance of these formations for the south-
western and central Rocky Mountain region of the United States.
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Outcrop of the Dakota Sandstone
near the Craig, Colorado site

Accomplishments

« The project team has acquired pre-existing or legacy seismic data sets for the
project study area in Craig, CO, and is currently processing and interpreting
these data.

« Multiple 2-D seismic surveys were conducted in February 2011, and the
new seismic data are providing excellent images of the subsurface. The new
seismic data are being combined with the legacy seismic data to form a
more comprehensive seismic model of the case study site.

« Structural mapping initiatives are also underway, using and existing seismic
data and digital petrophysical well logs from the region. New vertical seismic
profile (VSP) transects were designed and prepared for future implemention.

« The location of the characterization well has been selected and permitting
efforts for the well are completed, based on existing data. The stratigraphic
characterization well was completed in March 2012, obtaining 131 feet of full-
diameter drill core (70 ft of Mowry, 26 ft of Curtis, 35 ft of Entrada) and 100
rotary sidewall plugs for petrophysical analyses. A comprehensive suite of
geophysical logs was also collected.

The RMCCS team has developed simple conceptual models, including 3-D
and 2-D structural geology for initial model gridding and analysis. The initial
3-D computer simulation model of the case study site is completed, with
sensitivity analyses of injectivity and capacity under way.



Site location and drill rig for the characterization well near Craig, Colorado

« Baseline risk assessment analyses are also under way, with increased
resolution of this risk assessment anticipated to follow drilling of the
stratigraphic well and acquisition of associated data.

Benefits

This project is focused on gathering information to improve estimates for
storage resources that could be used to update regional and national storage
resource estimates. Particularly, this project will provide greater insight into the
practical potential for geologic storage of CO, within the three most promising
geologic storage formations in the Rocky Mountain Region, as well as contribute
to the knowledge base of best practices for site characterization and approving
storage site selection. Insight obtained from the project will allow the project
team to identify the most effective criteria for ranking potential storage sites
throughout the region. The geologic formations of the Rocky Mountain Region
occur within an area that is proximal to a majority of the point emission sources
for the region, which provides a favorable situation for carbon capture and
storage activities. The data gathered as part of this research effort will be shared
with the Regional Carbon Sequestration Partnership (RCSP) Southwest Regional
Partnership (SWP), integrated into the National Carbon Sequestration Database
and Geographic Information System (NATCARB), and utilized for the 4th Edition
of the Carbon Sequestration Atlas of the United States and Canada.
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