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Executive Summary

This document should be of interest to a broad audience
interested in reducing greenhouse gas (GHG) emissions
to the atmosphere. It was developed for regulatory
organizations, project developers, and national and state
policymakers to increase awareness of existing and
developing monitoring, verification, and accounting
(MVA) techniques. Carbon dioxide (CO,) sinks are

a natural part of the carbon cycle; however, natural
terrestrial sinks are not sufficient to absorb all the

CO, emitted to the atmosphere each year. Due to
present concerns about global climate change related

to GHG emissions, efforts are underway to assess

CO, sinks, both terrestrial and geologic, as a form of
carbon management to offset emissions from fossil fuel
combustion and other human activities. Reliable and
cost-effective MVA techniques are an important part

of making geologic sequestration (sometimes referred
to as GS) a safe, effective, and acceptable method for
GHG control.

MVA of GS sites is expected to serve several purposes,
including addressing safety and environmental
concerns; inventory verification; project and national
accounting of GHG emissions reductions at GS

sites; and evaluating potential regional, national, and
international GHG reduction goals. The primary goal
of the U.S. Department of Energy’s (DOE) Carbon
Sequestration and MVA Programs is to develop and
demonstrate a broad portfolio of Primary, Secondary,
and Potential Additional technologies, applications, and
accounting requirements that can meet DOE’s defined
goals of demonstrating 95 percent and 99 percent
retention of CO, through GS by 2008 and 2012,
respectively. The 95 percent and 99 percent retention
levels are defined by the ability of a GS site to detect
leakage of CO,, at levels of 5 percent and 1 percent of
the stored amount of CO,, into the atmosphere.

The MVA Program employs multiple Primary,
Secondary, and Potential Additional Technologies (see
Appendices I, 11, and III for definitions) in several

GS injection projects worldwide. Each GS site varies
significantly in risk profile and overall site geology,
including target formation depth, formation porosity,
permeability, temperature, pressure, and seal formation.
MVA packages selected for commercial-scale projects
discussed are tailored to site-specific characteristics
and geological features. The MVA packages for these

projects were selected to maximize understanding of
CO, behavior and determine what monitoring tools are
most effective across different geologic regimes (as
opposed to tailoring a site-specific MVA package). As
defined in this report, available Primary technologies
are already fully capable of meeting and exceeding
monitoring requirements and achieving the MVA goals
for 2008. It is believed that by 2012, modifications

and improvements to monitoring protocols through the
development of Secondary and Potential Additional
technologies will reduce GS cost and enable 99 percent
of injected CO, to be credited as net emissions
reduction.

In the outlined approach, prior to operation, site
characterization and associated risk assessment

play a significant role in determining an appropriate
monitoring program. Accredited projects are assumed
to require a robust overall monitoring program for
inventory verification for accounting of GHG emissions
and GHG registries. The overall goal for monitoring
will be to demonstrate to regulatory oversight bodies
that the practice of GS is safe, does not create
significant adverse local environmental impacts, and is
an effective GHG control technology. In general, the
goals of MVA for GS are to:

* Improve understanding of storage processes and
confirm their effectiveness.

e Evaluate the interactions of CO2 with formation solids
and fluids.

* Assess environmental, safety, and health (ES&H)
impacts in the event of a leak to the atmosphere.

* Evaluate and monitor any required remediation efforts
should a leak occur.

* Provide a technical basis to assist in legal disputes
resulting from any impact of sequestration technology
(groundwater impacts, seismic events, crop losses, etc.).

As outlined in this report, GS of CO, requires pre-
operation, operation, closure, and post-closure
monitoring activities at the storage site, as well as risk
assessment and development of flexible operational
plans, and mitigation strategies that can be implemented
should a problem arise. Effective application of
monitoring technologies ensures the safety of carbon
capture and storage (CCS) projects with respect to both
human health and the environment and provides the



basis for establishing accounting protocols for GHG
registries and carbon credits on trading markets for
stored CO,, if necessary.

Since its inception in 1997, DOE’s Carbon Sequestration
Program — managed within the Office of Fossil
Energy (FE) and implemented by the National Energy
Technology Laboratory (NETL) — has been developing
both core and supporting technologies through which
CCS can become an effective and economically viable
option for reducing CO, emissions from coal-based
power plants and other sources. Successful research
and development (R&D) will enable CCS technologies
to overcome various technical, economic, and social
challenges, such as cost-effective CO, separation

and transport, long-term stability of CO, storage in
underground formations, monitoring and verification,
integration with power generation systems, and public
acceptance.

In July 2008, the U.S. Environmental Protection
Agency (EPA) proposed Draft Federal requirements
under the Safe Drinking Water Act (SDWA) for

the underground injection of CO, for GS purposes.

EPA is tracking the progress and results of national

and international GS research projects. DOE leads
experimental field research on GS in the United States
through the Regional Carbon Sequestration Partnerships
(RCSP) Program. EPA is using the data and experience
developed in the Core R&D Program, international
projects, and RCSP Program to provide a foundation

to support decisions for development of an effective
regulatory and legal environment for the safe, long-term
underground injection and GS of GHGs. Furthermore,
information gained from the RCSPs’ large- and small-
scale geologic injection projects is predicted to provide
the technical basis to account for stored CO, in support
of any future GHG registries, incentives, or other policy
instruments that may be deemed necessary in the
future. Once the additional regulatory framework at the
Federal and state levels is completed, based in part on
the monitoring technologies and operational procedures
employed by the demonstration projects undertaken by
the RCSPs, proper standards will be in place to ensure
a consistent and effective permitting and monitoring
system for commercial-scale GS projects.

The life cycle of a GS project involves four phases.
Monitoring activities will vary among these phases:

1. Pre-Operation Phase: Project design is carried
out, baseline conditions are established, geology is
characterized, and risks are identified.

2. Operation Phase: Period of time during which
CO, is injected into the storage reservoir.

3. Closure Phase: Period after injection has stopped,
during which wells are abandoned and plugged,
equipment and facilities are removed, and agreed
upon site restoration is accomplished. Only
necessary monitoring equipment is retained.

4. Post-Closure Phase: Period during which ongoing
monitoring is used to demonstrate that the storage
project is performing as expected and that it is
safe to discontinue further monitoring. Once it is
satisfactorily demonstrated that the site is stable,
monitoring will no longer be required except in the
very unlikely event of leakage, or legal disputes,
or other matters that may require new information
about the status of the storage project.

Each monitoring phase (Pre-Operational, Operational,
Closure, and Post-Closure) of a GS project will employ
specialized monitoring tools and techniques that will
address specific atmospheric, near-surface hydrologic,
and deep-subsurface monitoring needs.

DOE-sponsored RCSP projects will move CCS from
research to commercial application. Such demonstrations
are necessary to increase understanding of trapping
mechanisms, to test and improve monitoring techniques
and mathematical models, and to gain public acceptance
of CCS. Testing under a wide range of geologic
conditions will demonstrate that CCS is an acceptable
GHG mitigation option for many areas of the country,
and the world.



Modeling and monitoring R&D targets for RCSP
projects include:

* Assessing the sweep efficiency as large volumes
of CO, are injected to better quantify CO, storage
capacity.

* Quantifying the pressure effects and brine movement
though heterogeneous rock to better understand the
significance of these effects on capacity and monitor
pressure and brine migration.

* Quantifying inter-well interactions as large plumes
develop, focusing on interaction of pressure,
heterogeneity, and gravity as controls on migration.

* Better understanding pressure and capillary seals.

* Developing and assessing the effectiveness of existing
and novel monitoring tools.

* Assessing how these monitoring tools can be used
efficiently, effectively, and hierarchically in a mature
monitoring environment.

As outlined in this report, critical components of

a robust MVA program include evaluating and
determining which monitoring techniques are most
effective and economic for specific geologic situations
and obtaining information that will be vital in guiding
future commercial projects. The monitoring programs
of five selected GS projects taking place in the United
States are provided. Each project is sited in an area
considered suitable for GS and employs a robust
monitoring program (for research purposes) to measure
physical and chemical phenomena associated with
large-scale CO, injection. The five projects discussed in
this report are:

1. Gulf Coast Mississippi Strandplain Deep
Sandstone Test (Moderate Porosity and
Permeability): GS test located in the southeast
portion of the United States will be conducted in
the down dip “water leg” of the Cranfield Unit in
Southwest Mississippi. Large volumes of CO, from
a natural source will be delivered by an established
pipeline.

2. Nugget Sandstone Test (High Depth, Low Porosity
and Permeability): Large volume sequestration test
(LVST) in the Triassic Nugget Sandstone Formation
on the Moxa Arch of Western Wyoming. The source
of the CO, is the waste gas from a helium (He) and
methane (CH,) production facility.

3. Cambrian Mt. Simon Sandstone Test (Moderate
Depth, Low Porosity and Permeability): A large-
scale injection test in Illinois is being conducted in
the Midwest Region of the United States. The main
goal of this large-scale injection will be to implement
geologic injection tests of sufficient scale to promote
understanding of injectivity, capacity, and storage
potential in reservoir types having broad importance
across the Midwest Region.

4. San Joaquin Valley Fluvial-Braided Deep
Sandstone Test (High Porosity and Permeability):
Large-scale injection of CO, into a deep saline
formation beneath a power plant site (the Olcese
and/or Vedder sandstones of the San Joaquin Valley,
California).

5. Williston Basin Deep Carbonate EOR Test: CO,
sequestration and enhanced oil recovery (EOR) in
select oil fields in the Williston Basin, North Dakota.
A minimum of 500,000 tons per year of CO, from
an anthropogenic source (pulverized coal [PC] plant)
will be injected into an oil reservoir in the Williston
Basin.

Each site varies significantly in overall site geology,
including target formation depth, formation porosity,
permeability, temperature, pressure, and seal formation.
The M VA packages for these case studies were selected
to maximize understanding of CO, behavior and
determine what monitoring tools are most effective
across different geologic regimes, as opposed to
tailoring a site-specific MVA package.



The complete version of thisreport is available at:
http://www.netl.doe.gov/technologies/car bon_seq/r efshelf/M VA_Document.pdf
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