
CCSReg Project 

Policy Brief: Learning and Adaptation in Regulation of Geologic 
Sequestration 

August 28, 2009 



Contact Information 
 
Comments and advice on the project are welcome by email to ccsreg@andrew.cmu.edu, or in writing to: 
 
Dr. Sean McCoy, Project Manager 
CCSReg Project 
Department of Engineering and Public Policy 
Carnegie Mellon University 
Pittsburgh, PA 15213 
United States of America 
 
 
Opinions expressed in this report are those of the individual contributors and may not represent the views of the 
institutions with which they are affiliated. 
 
 
Cover Photo Credits (l-r): Jay Apt, Susan Hovorka/UT-Austin, Øyvind Hagen/StatoilHydro, Dag Myrestrand/StatoilHydro, 
Vattenfall AB, US DOE/NETL. 
 
 
© 2009 Department of Engineering and Public Policy, Carnegie Mellon University. 
 
This work is licensed under the Creative Commons Attribution-Noncommercial-No Derivative Works 3.0 United States 
License. To view a copy of this license, visit http://creativecommons.org/licenses/by-nc-nd/3.0/us/ or send a letter to 
Creative Commons, 171 Second Street, Suite 300, San Francisco, California, 94105, USA.  



 1 
 

Policy Brief: Learning and Adaptation in Regulation of Geologic Sequestration 
 
Until the U.S. and other countries have operated a number of commercial-scale geologic 
sequestration (GS) projects in a variety of geological settings, it will be difficult to identify 
many of the issues that may arise during project operation, the magnitude of possible 
impacts, or how best to regulate them. However, GS is such an important climate mitigation 
technology that we need to proceed to develop and operate several commercial-scale 
injection projects as soon as possible so that we may begin the learning process. 
 
 
Recommendations: 
 
 In a series of policy briefs,1

 After several (e.g., 5-10) commercial-scale GS facilities, each sequestering 2 Mt/yr or 
more, have operated for at least five years, Congress and EPA should commission 
an expert Technical Advisory Committee of the National Research Council (NRC) to 
review the accumulated evidence and make recommendations on how the details of 
performance-based standards in a UIC program expanded to accommodate GS3 
should be implemented. 

 we recommend a general regulatory framework for GS 
that is based upon an expanded Underground Injection Control (UIC) program.2 
While the regulatory program should be put in place as soon as possible, regulators 
should remain flexible with respect to many of the specific details (e.g., the form that 
performance standards should take or the magnitude of risk-based fees that should 
be collected to cover the costs of long-term stewardship) until operating experience 
is gained from at least five commercial-scale GS projects in a range of geological 
settings domestically and abroad. 

 Once the regulatory framework for GS under an expanded UIC program has been 
put in place, the implementation of the performance-based standards for any given 
site should be adaptive because each sequestration project will be different. That is, 
consistent with the objective of safe operation, the standards should allow the 
regulator and site operator to modify details of the site monitoring plan, injection 
operations, and other regulated activities on the basis of the accumulated evidence 
as injection proceeds.  

 Every ten years, Congress and EPA should reconvene the expert Technical Advisory 
Committee of the NRC to evaluate the cumulative experience from all commercial-
scale projects domestically and abroad in order to assess whether fundamental 
changes to the structure of the GS regulatory framework, or its implementation are 
needed. 
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1. Establishing a Regulatory Framework for GS 

In both the CCSReg Project interim report4 and previous writing5 we called for a "two-stage" 
deployment of geological sequestration (GS) that will allow a domestic regulatory framework 
for commercial-scale GS to incorporate national and international experience from early GS 
projects into a fully-developed, performance-based, regulatory framework. We believe that 
before finalizing many of the specific details of that regulation (e.g., the form that 
performance-based standards should take or the magnitude of risk-based fees that should 
be collected to cover the costs of long-term stewardship) it is important to learn from 
experience gained from a number of early commercial scale injection projects. However, we 
do not believe that the establishment of the general regulatory framework for GS should be 
put on hold until a number of commercial plants have been up and running for some years. 

Based on present knowledge about the behavior of carbon dioxide (CO2) in the subsurface 
and development of analogous projects (e.g., enhanced oil recovery, natural gas storage, 
and underground waste injection), it is not premature for lawmakers and regulators to create 
the basic structure of a comprehensive GS regulatory framework6 that: 

 Provides legal access for the characterization and use of appropriate deep 
geological formations for geological sequestration of CO2. 

 Establishes a regulatory system for licensing and overseeing the safe operation of 
GS projects. 

 Creates a long-term stewardship program that channels liability and responsibility for 
compensation to a new federal agency. 

Either under this general framework, or under existing regulatory arrangements, early 
commercial GS projects can move forward and provide the experience necessary for the 
more detailed performance-based standards that will be needed to effectively regulate the 
large-scale deployment of GS. Application of these regulations to specific injection projects 
can then be further refined through adaptive management. 

2. Existing Regulatory Arrangements Can Be Used for Early GS Projects 

While existing U.S. federal and state regulatory arrangements for managing deep injection 
are not adequate for large-scale commercial deployment of CCS technology, if necessary 
they can be used to allow the development of the first few large-scale projects, in 
association with special arrangements under state laws. Indeed that process is already 
underway.7 

Injection of fluids underground in the U.S. is governed by the Underground Injection Control 
(UIC) program, administered by the U.S. Environmental Protection Agency (EPA) or 
delegated state authorities.  In July 2008, the EPA UIC program published proposed 
amendments to Title 40 of the Code of Federal Regulations (CFR), parts 144 and 146, 
which would establish federal requirements under the Safe Drinking Water Act (SDWA) for 
underground injection of CO2 for the purpose of GS.8 These amendments would add a new 
sixth well class to the UIC program tailored specifically for GS. At present, the EPA plans to 
finalize these rules in 2010 or 2011. In the interim, the EPA believes that the existing Class 
V experimental technology permitting process is appropriate for "CO2 GS injection wells of a 
'pilot' or 'demonstration' nature, regardless of the volumes injected."9 Alternatively, wells 
injecting CO2 associated with petroleum production (i.e., for CO2-flood enhanced oil 
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recovery) could be permitted as Class II wells. CO2 sequestration wells not associated with 
petroleum production could be permitted as Class I hazardous10 or non-hazardous industrial 
waste wells. 

At the state level, regulations governing GS have been adopted by Washington and 
proposed by Kansas.  While these state rules and the proposed Class VI rules are similar in 
many respects, they adopt divergent approaches on important issues such as the allowable 
composition of the CO2 stream, and leave significant gaps.11  For example, the proposed 
Kansas rule addresses long-term liability for the injected CO2, but the Washington state 
rules and the EPA’s proposed Class VI rules do not. 

There are gaps beyond those in permitting that must also be addressed, such as 
management of long-term liability, access to pore space, and monitoring to quantify leakage. 
However, for the relatively small number of initial GS projects, these issues can be 
addressed on a case-by-case basis. For example, the FutureGen Industrial Alliance, Inc. 
(FutureGen) obtained indemnification against public liability from operating the FutureGen 
project in the state of Illinois.12 Concerns over accessing pore space can be ameliorated by 
securing permission to sequester CO2 on state lands, or injecting on lands owned in fee-
simple. These early projects will provide a basis for evaluating monitoring and verification 
tools that are being developed today. 

In short, in most U.S. states early geologic sequestration projects could be permitted by the 
EPA, or a delegated state-level authority, now under one of the existing UIC well classes or 
state law. Other regulatory gaps can be managed on a case-by-case basis. 

3. Integrating Learning into Performance-Based Regulation of GS 

In parallel with deployment of early geologic sequestration projects, legislation should be 
passed amending the Safe Drinking Water Act (SDWA) to specify, to the extent practicable, 
that GS rules developed under the UIC program be based on adaptive, performance-based 
standards (as opposed to design standards). Implementing this legislation will require site 
operators and federal and state regulators to: (1) identify how performance-based 
regulations will be implemented throughout all stages of a project's life-cycle, (2) develop the 
specifics of these performance standards. For example, regulators must identify: 

 What a project developer must show(e.g., site characterization data, modeling 
results, pilot injection results, etc.) in order to obtain a permit; 

 The monitoring and modeling data that the operator will be required to report to the 
regulator during the course of a sequestration project; 

 The remedial strategies the operator will pursue if a project develops unexpected 
complications (such as modifying the pressure profile in the subsurface, extracting 
and treating pore water, or changing the geometry of injection patters); and, 

 The thresholds that a project must pass during its lifecycle before responsibility for 
long-term stewardship can shift to a federal agency. 

After several (e.g., 5-10) commercial-scale GS facilities, each sequestering 2 Mt CO2 per yr 
or more, have operated for at least five years, an expert Technical Advisory Committee 
(TAC) of the National Research Council (NRC) should be established by Congress and the 
EPA to review the accumulated evidence and make recommendations on how the details of 
performance standards in the expanded UIC program should be implemented.  The 
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Committee should evaluate individual project performance, the performance of the broader 
technology, and provide recommendations to Congress and the EPA on how to best 
implement the details of the general GS regulatory framework. 

Although we recommend that this Committee be established under the NRC, the review 
could alternatively be conducted by a special committee of the EPA Scientific Advisory 
Board, or by a stand-alone advisory committee created by the Congress. We favor the use 
of the NRC to assure the high level of independent expertise necessary to recommend 
performance-based UIC GS program guidelines. 

Once a general regulatory framework for GS is established, we recommend that Congress 
and the EPA reconvene the TAC every ten years (or more often if the EPA Administrator or 
Congress so requests) to consider the cumulative experience of ongoing GS projects. This 
will allow for a comprehensive review and update of technical, managerial, and operational 
GS data from across the U.S. and around the world, and provide a “state of the art” 
summary for GS project developers and the financial community that supports GS projects. 
Recommendations from the TAC should be used by the EPA and Congress to make 
changes to regulations and, if necessary, the broader statutes governing the regulatory 
framework for GS. 

4. An Adaptive Management Framework for Geologic Sequestration 

The goal of an adaptive GS project management framework is to allow data and measured 
performance at specific sites to inform the ongoing management of risk.  An adaptive 
regulatory framework must provide a means to manage new knowledge generated over the 
course of the operation of a GS site and implement the resulting insights while assuring 
safety and offering individual projects regulatory certainty. By setting firm environmental 
objectives and incorporating real site performance, an adaptive process should ensure that 
public health and environmental and safety risks are well managed, and give investors the 
certainty required to make the large investments that will be required for integrated CCS 
projects.  

Developing an adaptive approach will present challenges to regulators who are typically 
more familiar with using standardized rules and applying them in a routine manner. 
Implementing an adaptive approach will require more substantive technical expertise, but it 
will also create more room for innovation and learning, so long as essential performance 
objectives are met. This approach should include mechanisms to ensure that if a specific 
project behaves differently than first anticipated, adequate funds are available to manage 
the unknowns (e.g. assuring site remediation and long-term stewardship). If a state requests 
primacy under an expanded UIC program to regulate GS projects, the EPA should assess 
whether the state regulator has the necessary technical expertise to manage an adaptive 
program as part of its evaluation of the request. 

A variety of regulatory organizations provide successful examples of adaptive approaches. 
Within natural resource and ecosystem management, data-driven, adaptive management 
approaches are recognized as best practice.13 For adaptive management to be successful, 
clear goals and transparent decision criteria must be established. From a regulator’s 
perspective, this provides clear decision points for changing the course of action; from the 
regulated firm’s perspective, this allows them to calculate their potential risks in the case of 
unexpected geological behavior and obtain financial instruments, such as insurance.  Thus, 
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both parties benefit from transparency and a clear course of action.  For these reasons, an 
adaptive approach will result in more efficient regulation of GS.  As GS project deployment 
provides more data points, governmental, private, and public concerns may be balanced 
appropriately and efficiently. 
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About the CCSReg Project 

The CCSReg Project is an interdisciplinary project which aims to design and facilitate the 
rapid adoption of a U.S. regulatory environment for the capture, transport and geological 
sequestration of carbon dioxide. Our objective is to assure that CCS will be done in a 
manner that is safe, environmentally sound, affordable, compatible with evolving 
international carbon control regimes (including emissions trading) and socially equitable. 

The project is anchored in the Department of Engineering and Public Policy at Carnegie 
Mellon University. Other members of the project team are located at the Hubert H. 
Humphrey Institute of Public Affairs at the University of Minnesota, the Institute for Energy 
and the Environment at the Vermont Law School, and the Washington, DC law firm of Van 
Ness Feldman. 

This project was made possible through support from the Doris Duke Charitable Foundation 
(Grant 2007117) to Carnegie Mellon University, Department of Engineering and Public 
Policy for the project, "Regulation of Capture and Deep Geological Sequestration of Carbon 
Dioxide". Additional funding for some analyses is provided by the National Science 
Foundation (SES-0345798) through the Climate Decision Making Center, and the Carnegie 
Mellon Electricity Industry Center. 

More information on the CCSReg Project is available at: http://www.ccsreg.org/ 
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