United States Senate Committee on Energy and Natural Resources

Honorable Jeff Bingaman, Chairman

March 26, 2008

Bismarck, ND

Testimony of Dr. Lee Spangler, Director

Big Sky Carbon Sequestration Partnership

Zero Emission Research and Technology Center

Montana State University

Bozeman, MT

Energy and energy security are critical to the economic well being of any state or nation.  Fossil energy resources have proven to be an abundant and relatively inexpensive source of energy to the developed world, but there is compelling evidence that the carbon dioxide that is necessarily produced in the process of generating energy from fossil sources is contributing to global climate change.  While ultimately the solution to global climate change may be renewable energy, existing technologies cannot meet current energy demands.  The country, and states in this region in particular, face a dilemma; they have enormous coal reserves that can make a major contribution to their nation’s economic development and energy security, but they face a need to utilize these resources in a climate friendly fashion.  Carbon Capture and Storage (CCS), holds promise as a method of climate- neutral coal use by capturing produced carbon dioxide and storing it safely in underground geologic formations instead of releasing it to the atmosphere.  Given that the populous developing countries of China and India also have large coal reserves, the importance of developing this technology is even more critical.  I direct two efforts that address CCS.  The Big Sky Regional Carbon Sequestration Partnership; one of seven DOE funded regional partnerships focused on validating and demonstrating geologic sequestration.  And the Zero Emission Research and Technology Center, ZERT, a collaborative with five DOE national labs and two universities focused and basic science and technology issues relevant to CCS.

Partnership Background

The overarching objective of the Big Sky Carbon Sequestration Partnership (BSCSP) is to promote the development of a regional framework and infrastructure required to validate and deploy sequestration technologies. To achieve this objective, Phase II focuses on the most promising geologic and terrestrial field validation tests coupled with market assessments, economic analysis and regulatory and public outreach. This project benefits the United States by providing a comprehensive assessment of the sources and potential sinks for carbon dioxide (CO2) in the Big Sky region. This information on sources and sinks is being integrated with the data from other partnerships to provide a comprehensive database covering the entire nation. This effort also provides information to evaluate potential pilot sequestration projects in the Big Sky region with respect to the effectiveness, efficiency and permanence of the sequestrated carbon.

Within the Big Sky region, including Montana, Idaho, South Dakota, Wyoming and the Pacific Northwest, industry is developing new coal-fired power plants using the abundant coal and other fossil-based resources. Of crucial importance to future development programs are robust carbon mitigation plans that include a technical and economic assessment of regional carbon sequestration opportunities and participation in the BSCSP’s field validation tests. Therefore, BSCSP is working closely with industry and national and international collaborators to design Phase II geologic and terrestrial field tests to be effective, relevant to commercial development needs and broadly transferable. More information regarding the Phase II objectives can be found at the BSCSP website: http://www.bigskyco2.org. 

The target areas and key highlights for the Phase II activities include: 

1. Conduct a geologic demonstration project in a prominent geological formation located throughout the region mafic rocks or basalts. This project involves a small volume injection into the Grande Ronde to establish the potential of this formation for permanent sequestration.  Since the last reporting period, geologic efforts have been proposed to conduct two new saline aquifer projects that involve evaluating naturally occurring CO2 reservoirs as potential CO2 storage/sequestration sites. The first project seeks to evaluate existing cores from the Madison Formation that have had prior exposure to naturally occurring CO2 for millions of years and to compare those cores from the same formation without naturally occurring CO2.  Secondly, BSCSP will evaluate the potential of using naturally occurring CO2 reservoirs in geologic domes as potential CO2 storage sites for enhanced oil recovery (EOR) and as long term permanent sequestration alternatives. 

2. Conduct pilot projects to demonstrate and validate the technical and economic feasibility of the major terrestrial carbon sinks, implement monitoring and verification protocols, and assess the impacts to existing ecosystems. The terrestrial sinks provide a near-term solution to partially offset industrial CO2 emissions and enhance the production of the agricultural land base.

3. Develop a national mafic rock atlas and assess the regional and national long-term sequestration potential of these geological formations through modeling studies, laboratory testing, and insights developed from mafic rock pilot projects.

4.
Address both the technical and economic potential for carbon sequestration and assess the economic implications of carbon sequestration in the region.

5.
Establish the Big Sky Energy Future Coalition or similar venues that annually bring together industry, academia, environmental non-governmental organizations and regulatory and governmental officials to build dialogue on the role carbon sequestration can play in providing a technology solution to the region’s energy requirements.
During Phase III (beginning in late 2009) the Partnership will begin preparations for a large volume sequestration test in the Jurassic/Triassic Nugget Sandstone Formation on the Moxa Arch of southwestern Wyoming.  The test has the potential to inject three million tons of carbon dioxide (CO2) into the saline formation at depths of 12,000 over three years.   The Nugget sandstone is similar to the Tensleep, Weber, and Navajo formations, which have been identified as regionally extensive sequestration targets in the western US.   The CO2 will be supplied by Cimarex Energy from their gas plant in the Riley Ridge Field.  The Cimarex plant, scheduled for completion in late 2008 or early 2009, will extract methane and helium from gas produced from the Madison Limestone at 18,000 feet.  The produced gas is 75% CO2 with accompanying methane, hydrogen sulfide and helium.  The non-economic portion of the gas will be re-injected into the Madison Limestone. The plant will produce approximately 1.5 million tons of high pressure CO2 per year.  The CO2 for the project (92% CO2 and 8% H2S) will be diverted in a short lateral pipeline for injection into the Nugget Formation on Wyoming State Trust lands.  Information from the project will be used by Cimarex to evaluate the potential to establish a commercial sequestration facility.

The overarching objective of the Phase III Large Volume Injection is to demonstrate the long-term safe operation of large injection volume into a regionally significant sink. The primary research objectives in support of this goal are to:

1) Evaluate the Nugget Sandstone saline aquifer responses to injection of commercial scale volumes of supercritical CO2 and derive the relevant economic information for future projects. 

2) Track the post-injection migration and containment of the CO2 in the Nugget Sandstone to compare with pre-injection reservoir model predictions and use the data to refine multiphase flow reactive-transport modeling of CO2 sequestration in saline formations.

3) Evaluate the various MMV procedures used for their performance during deep sequestration. The depths in this project represent the upper limits of those proposed for Phase III projects, and may be used to help establish economic criteria for deep sequestration.

Zero Emission Research and Technology Center (ZERT) Background

The Zero Emissions Research and Technology (ZERT) Center, is a collaborative involving five DOE National labs (Los Alamos National Lab, Lawrence Berkeley National Lab, the National Energy Technology Lab, Pacific Northwest National Lab, Lawrence Livermore National Lab) and two academic institutions (Montana State University and West Virginia University) and is focused on the basic science issues behind geologic carbon sequestration.

The major objectives of ZERT are to:
1. Improve computational tools for simulation of CO2 behavior in the subsurface.  This includes adding algorithms to address CO2 specific behavior such as reactive transport, development of coupled models to include geomechanics, inclusion of hysteretic effects, parallelization, etc.
2. Test efficacy of near-surface detection techniques, help establish detection limits for those techniques, and provide data to assist in development of transport models in the near-surface region.  A field test site to help accomplish this objective.
3. Develop a comprehensive risk assessment framework that will allow flexible coupling of multiple computational models for different components/processes of the system.  The tool developed, CO2-PENS, is the first-ever performance and decision analysis tool specifically developed for CO2 sequestration
4. Perform gap analysis to determine critical missing data for CO2 properties in the subsurface including thermodynamic properties of CO2-brine mixtures, reaction rates, relative permeabilities, etc.  We perform laboratory based experiments to generate that key data using pressurized batch and flow-through vessels to reproduce sub-surface conditions

We have developed a unique field site for verification / testing of near surface detection technologies and transport codes.  This site consists of a shallow horizontal well with a 70 m screened section divided into zones via a packer system that allows individualized control of flow rate.  Five Department of Energy (DOE) National Labs and two universities tested detection technologies including eddy covariance, free space LIDAR, hyperspectral imaging, two soil gas flux measurement systems, resistivity, water chemistry, LIDAR measurements of the soil gas in the shallow subsurface, tracer studies, and stable isotope studies.

Challenges to Deployment

There are many challenges to deployment of large scale carbon capture and storage technologies.  These can be characterized as follows: 1) technological; 2) logistical; 3) economic; and 4) regulatory.

Technological – Oil and gas companies that have provided us with mature technology to understand and safely operate successful underground natural gas storage.  Similarly, the use of CO2 for enhanced oil recovery (EOR) has been in place for over 30 years in various oil and gas fields throughout the United States, Canada and abroad.  CO2 injection for permanent sequestration is an excellent analogue to both natural gas storage and EOR but it has not been done at an equivalent scale. Consequently, our understanding of the geochemical, geophysical and other technical advantages or disadvantages of various geologic sinks requires testing at a scale that is commensurate with the operation of a commercial sequestration facility.  Currently, DOE funding is being made available to the Big Sky Carbon Sequestration Partnership and the other six regional partnerships to begin to examine this volume of sequestration as part of the Phase III projects.

Currently, one of the biggest challenges to testing commercial scale geologic sequestration is the lack of availability of CO2.  While our experience with sequestration has been advanced by the technologies described above, capture of large volumes of CO2 from fossil fuel plants is extremely limited to sources such as that currently available from the syngas plant operated by Basin Electric in North Dakota, the Exxon Mobil gas stripping facility in southwestern Wyoming, or non-anthropogenic sources from naturally occurring CO2 reservoirs.  Capture technologies, while advancing quickly, remain largely as voluntary collaborations between emitters and capture plant builders to evaluate the technological advantages of a range of competing approaches.  Because the deployment of these technologies remains experimental and largely voluntary the actual costs and opportunity costs of deploying these systems remains costly and with unavoidable risks to the power producer in terms of operational downtime or capture and compression process failures.

Logistical – As mentioned previously, much remains to be done to adequately characterize potential geologic sinks on a site specific basis to allow sequestration to proceed safely and with a high probability of permanent storage.  Currently, areas where extensive site characterization work has been completed such as areas with extensive oil and gas exploration and production, are not necessarily proximal to large sources of CO2 emission.  Assuming that technology emerges that effectively and economically captures CO2, transporting the CO2 to areas suitable for permanent storage or for EOR could prove extremely costly.  Some have argued that the pipeline infrastructure required for transportation of CO2 could approach that of the current natural gas infrastructure that was put in place over the past 50 – 60 years.

Pipelines are becoming increasingly difficult to build due to skyrocketing costs of obtaining rights-of-way.  For interstate pipelines, questions remain as to how CO2 pipelines will be classified; will these pipelines receive common carrier status and therefore be granted eminent domain powers? Some states have begun to address this issue but most have not.

Economic – In the absence of a price signal or command and control instruments that limit CO2 emissions, there is little incentive for capital investment in capture, transportation and sequestration facilities.  Recent regulatory decisions by individual states or consortia of states and Canadian provinces have created performance standards or capped GHG emissions at historical levels. This has created market incentives to begin to reduce emissions or to begin to contemplate electrical generating facilities that incorporate capture as a means to take advantage of clean markets.  However, a lack of capture technologies designed to scale, the anticipated cost of capture, transportation, and sequestration continues to reduce interest in new clean coal plants, retrofitting existing plants, and promoting sequestration.  This is particularly problematic for those entities that must secure financing from outside sources or for facilities that have not negotiated a market for the produced CO2 such as EOR.  Conversely, new builds that do not plan to sequester CO2 are having difficulty securing financing and obtaining permits because of current regulatory uncertainty.

Public Acceptance / Assurance -  New approaches and technologies inherently raise public concern.  In an area with technical issues such as CCS, engaging the public and clearly articulating current relevant experience with underground injection, EOR, and natural analogs as well as safeguards that can be put in place is critical.  

Development and testing of those safeguards is critical as well.  There is a widely recognized need for detecting the CO2 near the surface for Health, Safety and Environmental reasons and to provide public assurance.  Such sensors have been deployed at sequestration pilot sites, but these sites have been properly characterized and chosen and meet the goal of storing the injected CO2 without seepage.  As a result, the surface detection methods have not really been tested at these sites, so it is difficult to determine efficacy of and detection limits for the measurement methods.  DOE is addressing this in the ZERT program where we have created a first of its kind field laboratory with a controlled release of CO2 through a shallow, perforated, horizontal well.  The system is designed to be on a realistic scale (10% to 1% of the physical extent of some known natural CO2 leaks) and the amounts of CO2 released are low (less than the CO2 emissions from 6 idling cars), but since the CO2 flux is known, it allows us to investigate the detection limits and “footprints” of a variety of technologies to verify that they can perform as necessary.  

Regulatory – Perhaps the most daunting challenge for large scale deployment of CO2 sequestration is the uncertainty surrounding the regulatory environment.  These challenges can be categorized as follows:

Ownership of pore space. Most state and federal mineral law addresses the extraction of minerals and prescribes ownership.  The law is much less clear on the ownership of the remaining pore space – does it belong to the mineral right holder or the surface owner?  Obviously, for sequestration to occur on a large scale that has the potential to affect numerous surface or mineral owners, this question must be addressed for the process to proceed.

Underground Injection Control.  Current EPA guidance would suggest that sequestration pilots can occur under Class V experimental well designations.  However, it remains unclear whether projects at the scale of Phase III DOE large volume tests would be a “pilot.”  Secondly, moving to commercial scale sequestration may involve the need for additional clarification at both the state and federal level. Finally, as additional research requires the need for more pilot scale activities to adequately characterize potential geologic sinks, sufficient flexibility must remain within the UIC program to accommodate conducting this research.

Measuring, Monitoring and Verification.  As geologic sequestration becomes increasingly technologically feasible and if capture and transportation costs can be economically reasonable, it will be important to maintain MMV requirements that are economically and technologically feasible as well.  The “precautionary principle” should not preclude the assumption of reasonable risk to ensure that CO2 remains safely and securely stored for the long term. For CCS to remain a viable alternative to GHG emissions, the regulatory environment should recognize that cost containment for MMV is as important for successful sequestration as capture and transportation.

Liability. Perhaps the biggest concern for those entities considering geologic sequestration is the long term liability for the CO2 once injection operations cease.  The intention for most sequestration operations is to sequester the CO2 over the life of the facility and then based on operational experience over that time period, being able to state with some certainty that the CO2 will remain in the formation where it is stored permanently.  Assuming this liability in perpetuity is obviously beyond the capability of most operations given the changing nature of corporate structures, dissolution of corporations, etc.  

Our experience with geologic sequestration over the next 5-10 years may demonstrate that assumption of this liability is reasonable and that underwriters, based on this experience, will be willing to offer liability protection at a reasonable cost.  However, in the interim period while we carry this research forward and attempt to commercialize the technology, the possibility of indemnification from reasonable liability would expedite the deployment of both capture and sequestration technologies.

The DOE partnership program is providing valuable technical knowledge concerning the behavior of CO2 in the sub-surface.  Just as important, it is exposing the private sector, the general public, government, and regulatory agencies to the challenges and issues relevant to CCS.
