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WORKING GROUP MEMBERS  

The Act requires the appointment of certain members to the Working Group by the 

Secretary of the West Virginia Department of Environmental Protection (ñWVDEPò), and the 

state geologist, the Director of the West Virginia Geological and Economic Survey.  The 

following current members were appointed in compliance with the Act in July 2009 by Secretary 

Randy Huffman and Dr. Michael Hohn: 

Experts in carbon dioxide sequestration or related technologies: 

  Grant Bromhal - National Energy Technology Laboratory 

Cal Kent, Ph.D - Marshall University 

Ken Nemeth - Southern States Energy Board 

Richard Winschel - Consol Energy, Inc. 

Expert in environmental science: 

  Stephanie R. Timmermeyer, Esq. - Timmermeyer PLLC  

Expert in geology: 

  Tim Grant - National Energy Technology Laboratory  

Attorneys with expertise in environmental law: 

  David M. Flannery, Esq. - Jackson Kelly PLLC 

Leonard Knee, Esq. - Bowles Rice McDavid Graff and Love, LLP 

Expert in engineering: 

  Paul Kramer - Allegheny Energy, Inc. 

Experts in the regulation of public utilities in West Virginia: 

Billy Jack Gregg 

Earl Melton - WV Public Service Commission 

Representative of a citizenôs group advocating environmental protection: 

  Vickie Wolfe - WV Environmental Council 

Representative of a coal power electric generating utility advocating carbon dioxide 

sequestration development: 

Tim Mallan - Appalachian Power 

Engineer with an expertise in the underground storage of natural gas: 

  John Leeson - Dominion Transmission 

Chairman of the National Council of Coal Lessors, Inc.: 

Nick Carter and Greg Wooten , named as his alternate 

Representative of the Coal Association: 

  Jim Laurita - MEPCO 

Representative of West Virginia Land and Mineral Owners Association: 

  Alan Dennis - Penn Virginia Coal Company 

Representative advocating the interests of surface owners of real property: 

  David B. McMahon, Esq. 
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This Report to the Legislature is dedicated to the memory of Timothy P. Mallan, 

Environmental Affairs Manager, Appalachian Power Company, who served with 

distinction as a member of the West Virginia Carbon Dioxide Sequestration 

Working Group and as the Chair of its Feasibility Subcommittee.   
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I.  EXECUTIVE SUMMARY  

I.A.  BACKGROUND  

 During the 2009 Regular Session, the West Virginia Legislature passed H.B. 2860 which 

was added to the West Virginia Code as Carbon Dioxide Sequestration, Article 11A of Chapter 

22.  The Legislature listed among its findings that ñ[i]t is in the public interest to advance the 

implementation of carbon dioxide capture and sequestration technologies into the stateôs energy 

portfolio.ò  Recognizing that there are administrative, technical and legal questions involved in 

developing this new technology, the Code authorized the West Virginia Department of 

Environmental Protection (WVDEP) Secretary to establish a Carbon Dioxide Sequestration 

Working Group (ñWorking Groupò).  The Working Group is charged with studying all issues 

related to the sequestration of carbon dioxide and to submit a preliminary report to the 

Legislature on July 1, 2010, followed up by a final report on July 1, 2011.  The final report 

addresses the following: 

 A recommendation of the appropriate methods to encourage the 

development of carbon dioxide sequestration technologies; 

 An assessment of the economic and environmental feasibility of large, 

long-term carbon dioxide sequestration options; 

 A recommendation of any legislation the working group may determine to 

be necessary or desirable to clarify issues regarding the ownership and 

other rights and interest in pore space; 

 A recommendation of the methods of facilitating the widespread use of 

carbon dioxide sequestration technology throughout West Virginia; 

 Identification of geologic sequestration monitoring sites to assess the short-

term and long-term impact of carbon dioxide sequestration; 

 An assessment of the feasibility of carbon dioxide sequestration in West 

Virginia and the characteristics of areas within the state where carbon 

dioxide can be sequestered; 

 An assessment of the costs, benefits, risks and rewards of large-scale 

carbon dioxide sequestration projects in West Virginia; 

 An assessment of the potential carbon dioxide sequestration capacity in this 

state; 

 Identification of areas of research needed to better understand and quantify 

the processes of carbon dioxide sequestration; and 

 An outline of the working groupôs long-term strategy for the regulation of 

carbon dioxide sequestration in West Virginia. 

(W. Va. Code § 22-11A-6(h)(1)-(10)). 

This Final Report was prepared and submitted in compliance with the Carbon Dioxide 

Sequestration Act.  It describes the efforts of the Group to date and makes recommendations and 

conclusions. 

Notably, after the Carbon Dioxide Sequestration Act was passed during the regular 

session in 2009, a Special Session was held in June 2009.  During that session, the Legislature 
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promulgated the Alternative and Renewable Energy Portfolio Standard, Article 2F of Section 24 

of the West Virginia Code.  This new law states that ñ[t]o continue lowering the emissions 

associated with electrical production, and to expand the state's economic base, West Virginia 

should encourage the development of more efficient, lower-emitting and reasonably priced 

alternative and renewable energy resources.ò 

ñAdvanced coal technologyò is included in the list of defined ñalternative energy 

resources.ò W. Va. Code Ä 24-2F-3(c)(1).  Advanced coal technology is defined as ña technology 

that is used in a new or existing energy generating facility to reduce airborne carbon emissions 

associated with the combustion or use of coal and includes, but is not limited to, carbon dioxide 

capture and sequestration technology, . . . and any other resource, method, project or technology 

certified by the commission as advanced coal technology.ò W.Va. Code Ä 24-2F-3(a) (emphasis 

added). 

It is clear to the Working Group that passage of the Alternative and Renewable Energy 

Portfolio Standard almost contemporaneous with passage of the Carbon Dioxide Sequestration 

Act indicates the Legislatureôs high levelly of interest in carbon capture and sequestration 

technology and its desire for West Virginia to be a leader in deployment of such technology if 

feasible from an environmental, economical, and legal standpoint. 

I.B. ORGANIZATION OF THE  FINAL  REPORT 

 While the list of ten items the Working Group is charged with considering may be 

categorized broadly into three areas, many of them overlap.  This constituted some challenge 

with organization for a useful final report.  The Group decided to organize this report by way of 

discussing feasibility issues first, geology and technology issues second and legal issues last.  In 

each of these three broad sections, any conclusions and/or recommendations reached by the 

Group are clearly stated at the end of the section.   

 The Final Report provides the Working Groupôs conclusions and recommendations.   

I.C. FEASIBILITY SUBCOMMITTEE  

The Working Group believes that it is highly likely that West Virginia will be faced with 

having to significantly reduce the stateôs emissions of greenhouse gases in the near future.  The 

state currently emits approximately 102 million metric tons of greenhouse gases each year with 

about 86 million metric tons of that being emitted from coal-fired power plants.  The state is one 

of the nationôs largest exporters of electric power to other states.  Power plants were originally 

built in the state to be near the primary fuel source and West Virginia contains enough generating 

capacity to meet the state demand and provide extensive power to its neighbors.  

The United States Environmental Protection Agency (ñUSEPAò) has designated carbon 

dioxide and other greenhouse gases as ñregulatedò pollutants and there is a strong desire on the 

federal level to reduce greenhouse gas emissions.  This reality, coupled with increased 

international pressure on the US in this area, means emissions in West Virginia may soon have to 

be reduced. With these issues as a backdrop, the Feasibility Subcommittee concentrated on 
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assessing the magnitude of the reductions West Virginia may be asked to make and whether or 

not CCS
1
 technology can contribute to a potential solution to this challenge.  

Factors to assess in this investigation include costs of such technology, impacts on the 

stateôs economy, public safety and environmental concerns, and goals of the state that may be 

impacted by CCS.  This subcommittee also proposed some incentives the state may want to 

consider should it be determined that deployment of CCS is in the stateôs interest (see section 

IV.C.6.).  

In general, the magnitude of the reductions needed to achieve the goals of any currently 

proposed emissions reduction targets are so large that multiple approaches are needed because no 

single technology or life style change can achieve them. Current Congressional proposals call for 

a reduction in US greenhouse gas emissions of 83% by 2050.  Elimination of all coal-fired power 

in the nation would still leave 70% of the greenhouse gas emissions currently emitted from US 

sources.  CCS may be part of the solution to greenhouse gas emissions, but significantly more 

will have to be done to achieve these goals. 

The economic cost of CCS technology can be estimated, but because the technology is in 

the early stages of development, such cost projections are subject to modification.  Section 

IV.A.3. gives a comparative costing for various technologies with varying greenhouse gas 

impacts, but predicting costs at this time is extremely difficult.  Technology development, 

economic recession and national and international affairs may play a huge role in such 

projections.  Section IV.A.3.b. helps outline some of the information that may be needed to 

assess the overall impact of CCS on the economy of West Virginia, but acknowledges that much 

of the needed data are not yet available.  The Legislature may want to inquire into this question 

in the near term. 

From a public safety and environmental impact point of view, there are some important 

questions that still need to be resolved. The Mountaineer CCS project in Mason County, West 

Virginia, is attempting to answer some of these questions. The Legislature will want to carefully 

consider the observation in section IV.A.4. and continue to insist that appropriate technical 

consideration be given to designing regulatory structure to assure long term protection of these 

values.  

In the coming year the Feasibility Subcommittee will assess and attempt to resolve some of 

the following topics: 

1. In the face of growing concern over greenhouse gas emissions, should and 

if so to what extent should West Virginia investigate other methods of 

generating electrical and other forms of power? 

2. Should the Legislature investigate potential regulations and or promotion 

of intrastate and interstate CO2 pipelines? 

3. What factors need to be considered in the assessment of the value of coal-

fired power to West Virginia? 

                                                 
1 The term ñCCSò is used frequently throughout the Final Report.  The Working Group agreed that CCS shall be interpreted to 

refer to Carbon Capture and Sequestration instead of Carbon Capture and Storage.  The terms ñsequestrationò and ñstorageò are 

often used interchangeably so the Group agreed to the use of ñsequestrationò throughout the report.  The Legislature defines 

carbon dioxide capture and sequestration as ñthe capture and secure storage of carbon dioxide that would otherwise be emitted to, 

or remain in, the atmosphere.ò  W. Va. Code Ä22-11A-2(9). 
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4. The subcommittee will delve deeper into the economic cost and impact on 

West Virginia of CCS technology. 

5. What facts need to be brought to the attention of the West Virginia 

Legislature to enable that body to make an informed decision about the 

importance of CCS technology development in the state? 

I.D. GEOLOGY & TECHNICAL SUBCOMMITTEE  

There is potential for sequestration of captured carbon dioxide in West Virginia.  The 

state is one of eight that overlies the sedimentary section of the Appalachian Basin, one of the 

major sedimentary basins in the continental United States.  Potential carbon dioxide 

sequestration beneath West Virginia was initially assessed by the Midwest Regional Carbon 

Sequestration Partnership (MRCSP) in its Phase I report.  Several formations in the stratigraphic 

column have potential for storage in either depleted oil and gas reservoirs or in saline reservoirs.  

There are also several formations that will provide a seal, providing containment of the 

sequestered carbon dioxide.  Coal, a valued natural resource in West Virginia, also presents some 

storage potential in unmineable seams.  Storage potential in shale formations is also considered 

by the MRCSP.  Organic rich shale and coal have similar trapping mechanisms for sequestration 

where the carbon dioxide molecule is bound to the organic material.  However, shale storage 

potential is still a research project and is not considered in the 3
rd

 edition of NETLôs Atlas. 

The MRCSP estimates the potential for geologic sequestration of carbon dioxide in West 

Virginia at about 60,810 million metric tons.
2
  This includes an estimate of storage potential in 

shale.  In its second edition of the Carbon Sequestration Atlas of the United States and Canada, 

the National Energy Technology Laboratory (NETL) provides a range in geologic storage 

potential for West Virginia of between 4,873 and 14,994 million metric tons. Storage potential in 

shale is not included in NETLôs atlas; more research work needs to be conducted to better 

understand trapping mechanisms in shale, providing a better understanding of the storage 

potential in these formations. 

Emission data for West Virginia in the 2
nd

 edition of NETLôs Atlas lists 29 sources 

emitting 102 million metric tons per year (see Table IV.B.10).  With 90 percent capture this 

volume of CO2 emissions can be injected for sequestration over a period of between 53 years and 

163 years.  The third edition of the Atlas lists 27 sources emitting 99.2 million tonnes per year.  

With a slightly wider range in storage efficiencies, potential storage capacity for West Virginia is 

between 6,630 and 20,260 million tonnes.
3
  With 90 percent capture, this could accommodate 

between 74 and 226 years of injection.  The United States Geologic Service will be providing an 

assessment of onshore storage potential for CO2 per Congressional direction in the Energy 

Independence and Security Act of 2007.  Storage potential estimates are resource estimates that 

need to be proven.  This will be done to some degree during site characterization of a potential 

sequestration site.  As with other natural resources such as oil and gas or coal, proved reserves 

are a smaller value than the resource estimate.  

                                                 
2 Wickstrom, L.H. et al., 2005, Characterization of Geologic Sequestration Opportunities in the MRCSP Region, Phase I Task 

Report Period of Performance: October 2003-September 2005, DOE/NETL DE-PS26-05NT42255 
3 NETL, 2010, Carbon Sequestration Atlas of the United States and Canada, third edition. Found at: 

http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlasIII/index.html 

 

http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlasIII/index.html
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The United States Environmental Protection Agency (USEPA) recently published the 

final rules for Class VI injection wells in December 2010, a new Underground Injection Control 

(UIC) rule classification required for injection of captured CO2 into subsurface geologic 

reservoirs for geologic sequestration (GS).  Authority to issue the Class VI rules is derived from 

the Safe Drinking Water Act (SDWA).  At the same time, EPA also recently published final 

mandatory reporting rules for greenhouse gas (GHG) reporting for CO2 GS operations, Subpart 

RR.  These GHG reporting rules are based on Clean Air Act (CAA).  The Class VI rules are 

designed to protect U.S. drinking waters (USDWs) and assure that the sequestered CO2 does not 

present an endangerment to USDWs.  Subpart RR is designed to track CO2 as it moves through a 

sequestration operation and provide an accounting of the volume of captured CO2 sequestered.  

Several states have passed geologic storage legislation and two, Washington and North Dakota, 

have promulgated regulations governing sequestration of captured CO2. 

The prime factor to consider in CO2 storage operations is pressure.  Captured carbon 

dioxide is most economically stored in a supercritical phase. Depending on temperature and 

pressure gradient, this will occur at a depth of 2,500 feet and deeper.  Saline storage provides the 

most potential for sequestration but the pore space is filled with water.  While oil and gas 

production deplete the pressure of the reservoir, carbon dioxide sequestration will increase 

reservoir pressure to facilitate storage.  Higher pressures and displacement of formation fluids to 

accommodate storage are the two fundamental concerns addressed by the Class VI injection well 

rules.  Once injection ceases, the storage reservoir pressure will begin to return to pre-injection 

operation pressures.   The USEPA recommends a 50 year post injection monitoring period, 

although the Administrator may modify this on a case-by-case basis, because it estimates that 

this is how long it will take the CO2 storage reservoir pressure to return to regional hydrostatic 

pressure levels and provide a condition of non-endangerment.
4
 

Two recent studies looked at storage costs.  The Global CCS Institute estimated storage 

site characterization cost to be $25 million on average with a range of $10 to $150 million.  Its 

study recommended assembling a list of six to eight prospects from which to select a site for 

characterization.  There is some probability that the first site selected will not meet expectations 

and will have to be abandoned for another site.  Its model assumed a characterization cost of $60 

million.  The higher cost estimate from the Global CCS Instituteôs study suggests a 17 percent 

success rate.
5
  Early movers here should have better success since they will be able to select 

optimal sites.  Taking a global perspective, the International Energy Agency (IEA) looked at 

CCS storage costs with respect to meeting the goal of having 20 large scale CCS projects active 

by 2020.  Its cost estimates ranged from ú9 million to ú81 million with an average of ú30 

million.  At the current exchange rate of $1.44 per Euro, these costs are $13 million to $117 

million with an average of $43 million.
6
  The Global CCS Institute model assumed that it will 

take up to nine years before injection can begin.  The IEA model assumes a similar time frame at 

a minimum.  In Table IV.B.2, an estimate of between 3.5 and 6 years is suggested for regional 

geologic evaluation, site selection and characterization and permitting.  If storage costs range 

                                                 
4 EPA, 2008, Proposed rules for Underground Injection Control (UIC) Program for Carbon Dioxide (CO2) Geologic 

Sequestration (GS) Wells. (web link needed) 
5  Glogbal CCS Institute, 2009, Strategic Analysis of the Global Status of Carbon Capture and Storage, Report 2: Economic 

Assessment of carbon Capture and Storage Technologies.  Found at: 

http://www.globalccsinstitute.com/sites/default/files/Report%202-

Economic%20Assessment%20of%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf 
6 IEA, 2011, Global Storage Resource Analysis for Policymakers, IEA CCS Costs Workshop, Paris, March 22-23, 2011.  Found 

at: http://www.ieaghg.org/docs/General_Docs/IEAGHG_Presentations/Gap_Analysis_IEA_CCS_NW_Mar11_v2.pdf  

http://www.globalccsinstitute.com/sites/default/files/Report%202-Economic%20Assessment%20of%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf
http://www.globalccsinstitute.com/sites/default/files/Report%202-Economic%20Assessment%20of%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf
http://www.ieaghg.org/docs/General_Docs/IEAGHG_Presentations/Gap_Analysis_IEA_CCS_NW_Mar11_v2.pdf


6 

 

from $5.00 to $10.00 per tonne then sequestering 100 million tonnes of CO2 can cost between 

$500 and $1,000 million dollars.  With site characterization a cost including permitting of $60 

million, then it is easy to see that the majority of expenses incurred by sequestration occur after 

injection begins, driven by MVA activity, tracking the CO2 plume and assuring non-

endangerment at some point in time after injection is done. 

Successful site characterization begins with regional geologic evaluation over a broad 

geographic area.  The quality of geologic data that can be assembled is critical to making a multi-

million dollar investment in site characterization.  Class VI permit application requires the 

preparation of several plans: Area of Review (AoR) and corrective action, testing and 

monitoring, injection well plugging, post-injection site care (PISC) and site closure and 

emergency and remedial response.  Establishing financial responsibility that covers fulfillment of 

several of these plans: corrective action, injection well plugging, post-injection site care (PISC) 

and site closure and emergency and remedial response, is also required to gain a permit.   

Site characterization takes only a few years.  MVA during operations will be over 

decades.  Class VI rules require a review of the Area of Review plan every at least every five 

years.  This effort will involve seismic data acquisition of some sort, 2-D, 3-D, vertical seismic 

profile (VSP) or cross-well seismic.  This will represent the greatest expense in meeting 

regulatory requirements.  An annual mechanical integrity test of injection wells is also required.  

Periodic sampling and testing of the storage reservoir, formations above the seal and 

groundwater will be conducted through monitoring wells.  Corrective action, and remediation of 

old wellbores, will be done as the plume expands. 

Sequestration operations are similar to oil and gas operations, only in reverse.  Instead of 

reducing the reservoir pressure by production, the reservoir pressure is increased by injection.  

This is similar to natural gas storage fields in saline formations.  It is also similar to secondary 

(water flooding) and tertiary production operations (Enhanced Oil Recovery) but the pressures 

here are not as high in these two scenarios.  Transportation and injection of CO2 for EOR 

operations has been done since the early 1970s.  Technology utilized for sequestration comes 

from the oil and gas industry.  However, instead of looking for hydrocarbons, this technology 

will be used to monitor and track CO2 in the subsurface.  Much of the technology is proven, but 

its application is different.  Significant work is underway to test the application of oil and gas 

technology in CO2 sequestration operations, most notably by the regional partnerships assembled 

by the DOE/NETL.  The risks associated with oil and gas operations are well understood.  These 

risks are similar to those in CO2 sequestration operations.  The significant difference here is in 

assuring retention of the CO2 in the subsurface over a considerable period of time. 

Given economic feasibility, the rate at which storage fields can be permitted and brought 

online will dictate the rate of deployment for CCS technology.  Without storage, there is no need 

for capture.  

I.E. LEGAL SUBCOMMITTEE  

 The efforts of the Legal Subcommittee began by undertaking a careful review of 

activities around the country in identifying significant policy, regulatory and legal issues raised 

by CCS projects. After identifying the universe of issues involved, initial efforts focused on 

property ownership and acquisition. Research was conducted on activities in other states and by 

such organizations as the Interstate Oil and Gas Compact Commission, CCSReg and the 
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Midwest Governors Association. In addition, an evaluation was conducted of the consequence of 

allowing the current legal process already in place to control the acquisition of land to be used 

for a CCS project. The goal of this effort was to explore all options in order to create a solution 

tailored to West Virginia legislatureôs desire to site commercial scale CCS projects. 

The Legislature has requested the Working Group to make recommendations to 

encourage the development of CCS and to examine factors integral to the construction, 

maintenance, and operation of CCS facilities, among other things. In response to this request, the 

Working Group turned its initial attention to the manner in which pore space rights are to be 

acquired. 

The resulting analysis focused principally on two overarching factors:  (1) the practicality 

and cost of any approach that required that all owners of pore space be identified and paid for the 

right to use pore space without regard to the landowners potential for use of the pore space, and 

(2) the constitutional requirements applicable to the circumstances under which the use of land 

required compensation as a taking. 

With respect to the first of these factors, the Working Group recognizes that in West 

Virginia and much of the East, the number of property owners that could be within the footprint 

of a CCS project could be extremely large.  It is assumed that a full scale CCS project could 

encompass an area the size of Mason County, West Virginia.  In Mason County alone, there are 

nearly 20,000 surface owners and 1,000 mineral owners.  On the conservative assumption that a 

typical title examination could cost $5,000 per tract, the cost to do title searches for a project 

with a footprint this large would be approximately $100 million. Added costs related to 

compensation to landowners and transactional costs related to acquiring the property rights cause 

the Working Group to conclude that an alternative course of action should be pursued. 

Turning then to the constitutional requirements related to compensation for the use of 

land, the Working Group recognizes that not all use of private land results in a compensable 

taking.  The United States Supreme Court and other courts have recognized a number of 

circumstances in which compensation was not required to be paid for the use of land.  These 

cases have included in certain circumstances airplane over-flights of land and injection of 

material into underground foundations.  By reviewing the facts and circumstances surrounding 

these cases, the Working Group has developed a statutory mechanism that is believed to pass 

constitutional muster. 

The approach of dedicating certain pore space below 2,500 feet to public use is the pore 

space use approach favored by the majority of the Working Group at this time.  

The Legal Subcommittee has also addressed in this report such additional issues as:  

  1. Permitting.  

  2. Groundwater Protection. 

  3. Fees. 

  4. Interstate Projects. 

  5. Preemption. 

  6. Report to Legislature. 

  7. Liability transfer. 

  8. Post Closure Trust Fund. 

  9. PSC Approval. 
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  10. Ownership and Value of Stored CO2. 

  11. Amalgamation of Property Rights. 

12. Pipelines. 

13. Restrictions on the Use of Mineral Bearing and Other Formations. 

14. Other WVDEP Authority. 

15. Primacy of the Mineral Estate. 

16. Inverse Condemnation. 

17. Role of ALJs. 

18. Continued Role of the Working Group. 

19. Penalties. 

20. Severability. 

21. Confidentiality. 

I.F. SUMMARY  

 Much research has been conducted by the Working Group through its subcommittees 

over the past two years.  The subcommittees studied current law, emerging technologies, and the 

work of similar entities created in other states.  The Working Group tackled the difficult and 

controversial issues and hurdles to aggressive deployment of CCS in West Virginia.  The 

Working Group appreciates the assistance by way of resources including accommodations, 

personnel, and data offered by the WVDEP and the WVGES. 

II.  DETAILS OF THE WORKING GROUP  

II.A.  MEETINGS  

The full Working Groupôs first meeting occurred on August 12, 2010.  During that 

meeting, the Group elected Stephanie R. Timmermeyer to Chair the Group and Tim Grant as 

Vice-Chair.  The Legislature identified ten items in the W.Va. Code § 22-11A-6(h)(1)-(10) for 

inclusion in the Working Groupôs Final Report to the Legislature.  The Working Group formed 

three committees because the list of ten items identified by the Legislature may be categorized 

into three discrete areas: feasibility, geology and technology, and legal.  

 The Feasibility Subcommittee is tasked with items 1, 2, 4, 7, 9, and 10 (with an emphasis 

on items 1, 2, 4, and 7).  In addition, the Group asked this subcommittee to consider 

transportation and public outreach.  Members consist of Tim Mallan, Chair, Cal Kent, Jim 

Laurita, Earl Melton, Stephanie Timmermeyer, and Vickie Wolfe. 

The Geology and Technology Subcommittee is responsible for items 2, 5, 6, 8, 9, and 10 

on the task list (with an emphasis on items 5, 6, and 8).  Members include Tim Grant, Chair, 

Grant Bromhal, Leonard Knee, Paul Kramer, and John Leeson. 

 The Legal Subcommittee is responsible for items 2, 3, and 10 (with an emphasis on item 

3).  In addition, the Group asked this subcommittee to consider issues related to liability.  

Members include David Flannery, Chair, Alan Dennis, Richard Winschel, Dave McMahon, and 

Nick Carter (Greg Wooten). 

 The three subcommittees met numerous times in person and via phone conference.  The 

full Working Group also met on several occasions.  
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II.B . RESOURCES 

 As stated in the Foreword, the Working Group reviewed a substantial body of data and 

reports related to various aspects of carbon capture and sequestration.  This Final Report 

incorporates or refers to data and information from a large number of sources including federal 

and state agencies, and non-governmental organizations.  Some of this data and information may 

be incomplete or inaccurate.  The citation to these sources does not necessarily mean the 

Working Group agrees with the data, information, or opinions cited.  

A webpage was created on the WVDEPôs website to post these resources, minutes from 

the meetings, subcommittee reports, and presentations of various speakers.  The link is 

http://www.dep.wv.gov/executive/Pages/ccsworkinggroup.aspx. 

III.  STATUS OF THE REGULATION OF GREENHOUSE GASES 

Even in advance of Congressional activity related to CO2 emissions, many legislative, 

regulatory and judicial activities are underway at the state and federal level which have as their 

objective reducing the amount of CO2 emitted to the atmosphere. 

On April 2, 2007, the U.S. Supreme Court held in Massachusetts v. EPA, 549 U.S. 497 

(2007), that GHGs are air pollutants covered by the Clean Air Act (ñCAAò).  The Court also 

held GHG emissions are subject to CAA section 202(a) under which the USEPA Administrator 

must determine whether or not emissions of GHGs from new motor vehicles or motor vehicle 

engines cause or contribute to air pollution, which may reasonably be anticipated to endanger 

public health or welfare, or whether the science it too uncertain to make a reasoned decision.  

This decision was precipitated by a petition for rulemaking filed by environmental, renewable 

energy, and other advocacy organizations. 

Following the U.S. Supreme Courtôs decision in Massachusetts v. EPA, a flurry of 

findings and proposed regulations paved the way for future regulation of GHGs under the CAA. 

Also in response to the Massachusetts v. EPA, decision, USEPA proposed a finding that 

GHGs from new motor vehicles or motor vehicle engines cause or contribute to air pollution that 

may endanger public health or welfare. As described in the ñProposed Endangerment and Cause 

or Contribute Findings for Greenhouse Gases Under Section 202(a) of the Clean Air Act,ò 74 FR 

18886, April 24, 2009, summary:  

Today the Administrator is proposing to find that greenhouse gases in the 

atmosphere endanger the public health and welfare of current and future 

generations. Concentrations of greenhouse gases are at unprecedented levels 

compared to the recent and distant past. These high atmospheric levels are the 

unambiguous result of human emissions, and are very likely the cause of the 

observed increase in average temperatures and other climatic changes. The effects 

of climate change observed to date and projected to occur in the futureðincluding 

but not limited to the increased likelihood of more frequent and intense heat 

waves, more wildfires, degraded air quality, more heavy downpours and flooding, 

increased drought, greater sea level rise, more intense storms, harm to water 

resources, harm to agriculture, and harm to wildlife and ecosystemsðare effects 

on public health and welfare within the meaning of the Clean Air Act. In light of 

the likelihood that greenhouse gases cause these effects, and the magnitude of the 

http://www.dep.wv.gov/executive/Pages/ccsworkinggroup.aspx
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effects that are occurring and are very likely to occur in the future, the 

Administrator proposes to find that atmospheric concentrations of greenhouse 

gases endanger public health and welfare within the meaning of Section 202(a) of 

the Clean Air Act. 

She proposes to make this finding specifically with respect to six greenhouse 

gases that together constitute the root of the climate change problem: carbon 

dioxide, methane, nitrous oxide, hydrofluorocarbons, perfluorocarbons, and sulfur 

hexafluoride.  

 

This is referred to as the ñendangerment finding.ò 

The Administrator is also proposing to find that the combined emissions of carbon 

dioxide, methane, nitrous oxide, and hydrofluorocarbons from new motor vehicles 

and new motor vehicle engines are contributing to this mix of greenhouse gases in 

the atmosphere. Thus, she proposes to find that the emissions of these substances 

from new motor vehicles and new motor vehicle engines are contributing to air 

pollution which is endangering public health and welfare under section 202(a) of 

the Clean Air Act. 

This is referred to as the ñcause or contribute finding.ò   

 Finalization of the endangerment finding in December, 2009, authorized the agency to 

promulgate GHG control regulations for all sources of emissions.  (74 Fed. Reg. 66,496 Dec. 15, 

2009).  The promulgation of USEPAôs Motor Vehicle Rule in May 2010 triggered an obligation 

for the agency to regulate stationary sources of GHG emissions under the PSD and Title V 

permitting programs.  In April, 2010, USEPA established a phase-in schedule for stationary 

source GHG obligations under the PSD program. 75 Fed. Reg. 17,004 (April 2, 2010).   

 On June 3, 2010, the USEPA published the final version of its ñPrevention of Significant 

Deterioration (PSD) and Title V Greenhouse Gas Tailoring Ruleò (75 Fed. Reg. 31,514), which 

establishes greenhouse gas emission requirements for stationary sources subject to the federal 

Clean Air Act PSD and Title V programs. The Tailoring Rule is one of several actions being 

taken by USEPA in response to the U.S. Supreme Courtôs 2007 decision in Massachusetts v. 

EPA that the USEPA must regulate GHG emissions under the federal Clean Air Act if the 

agency determined that such emissions endanger the public health or welfare.  The USEPA 

promulgated the Tailoring Rule to avoid the ñabsurd consequencesò the agency itself identified 

would result from subjecting stationary sources of GHGs to the existing parameters of those 

programs. 

 Draft, non-binding guidance issued by USEPA on November 10, 2010, discusses how 

carbon capture and sequestration (CCS) should be evaluated as a Best Available Control 

Technology  (BACT) under the PSD, concluding that while CCS is a ñpromising technology,ò 

EPA does not believe that at this time [it] will be a technically feasible BACT option in certain 

cases.  The guidance suggests that oil and gas processing plants must consider CCS as part of 

BACT consideration.  See, PSD and Title V Permitting Guidance for Greenhouse Gases, 

available at, http://www.federalregister.gov/articles/2010/11/17/2010-28962/psd-and-title-v-

permitting-guidance-for-greenhouse-gases Additionally, USEPA announced in December 2010 

its intent to develop NSPS to control GHG emissions from power plants, which are estimated to 

take effect in 2012. 
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On December 10, 2010, the USEPA issued the final injection well regulations under the 

Safe Drinking Water Actôs (SDWA) Underground Injection Control (UIC) program that would 

apply to CO2 geological sequestration (GS) wells.  The rule is designed to primarily protect 

underground sources of drinking water (USDW).  The SDWA mandates that each state must 

have an UIC program
7
.  The final rule established a new UIC well class -- Class VI ï for 

injection wells that will be used to inject CO2 into the subsurface for the purpose of long-term 

storage; the final rule also specified that GS could occur in UIC Class II, which is currently used 

for EOR, if certain circumstances are met.  The final rule sets minimum technical criteria for the 

permitting, geologic site characterization, area of review and corrective action, financial 

responsibility, well construction, operation, mechanical integrity testing, monitoring, well 

plugging, post-injection site care, and site closure of Class VI wells for the purposes of 

protecting underground sources of drinking water USDWs. 

Significantly, the SDWA was enacted to protect public health through regulations 

designed to protect USDWs.  The SDWA does not grant authority to the USEPA to regulate 

other potential legal impediments to CCS
8
, such as pore space rights and long-term liability.  

USEPA also published guidance in December 2010 regarding financial responsibility for 

Class VI wells.  It provides recommended types of financial mechanisms to be used to meet the 

new Class VI well requirements.  See, Financial Responsibility Document, available at 

http://water.epa.gov/type/groundwater/uic/class6/upload/uicclass6financialresponsibilityguidanc

edec2010.pdf 

To complement the UIC Class VI program, USEPA issued the Final Mandatory 

Reporting of Greenhouse Gases from Carbon Dioxide Injection and Geologic Sequestration Rule 

in November 2010.  Subpart RR of this rule requires CCS facilities to report GHG data annually.  

This rule requires CCS facilities to develop and implement a site-specific monitoring, reporting 

and verification (ñMRVò) plan, and to report the amount of carbon dioxide sequestered using a 

mass balance approach.  Mandatory Reporting of Greenhouse Gases from Carbon Dioxide 

Injection and Geologic Sequestration Rule, 75 Fed. Reg. 75060 (Dec. 1, 2010).  Compliance with 

this rule will allow GS operators to provide proof of sequestration, eliminating yet another a 

barrier to CCS. 

The USEPAôs regulatory initiatives are the subject of multiple legal challenges that may 

require many months to resolve.  These and other climate change initiatives will undoubtedly 

continue to play out, even as the Working Group continues to address the issues related to CCS. 

 At the state level, it is clear that CCS will play an important role in preserving West 

Virginiaôs economy that heavily relies on the exploitation of fossil fuels.  The Carbon Dioxide 

Sequestration Act, W.Va. Code § 22-11A-1 et seq., was passed by the legislature in 2009.  The 

West Virginia Legislature also passed the Alternative Generation Portfolio Standard bill which 

sets targets for electric utilities to provide for a mix of traditional and alternative sources of 

electricity. This legislation creates not only incentives for renewable sources of energy, but also 

electricity generation using alternative methodologies, including CCS. 

                                                 
7
 See Federal Requirements Under the Underground Injection Control (UIC) Program for Carbon Dioxide 

(CO2) Geologic Sequestration (GS) Wells, Final Rule, available at, http://www.gpo.gov/fdsys/pkg/FR-2010-

1210/pdf/2010-29954.pdf (Dec. 10, 2010). 
8
 See U.S. EPA publication, Understanding the Safe Drinking Water Act, at 

http://www.epa.gov/safewater/sddwwa/pdfs/fs_30ann_sdwa    
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IV.  SUBCOMMITTEE REPORTS  

IV.A.  FEASIBILITY SUBCOMMITTEE REPORT  

IV.A.1. Introduction  

The decision as to whether individual West Virginians or other greenhouse gas generators 

in West Virginia will be required to reduce emissions of these materials is apparently, at this 

time, not something the Legislature will be able to control. The U.S. House of Representatives 

passed a comprehensive bill in June 2009 (American Clean Energy and Security Act of 2009).  

There is no current House or Senate action on this type of legislation, but there remains the 

possibility of renewed efforts to implement such legislation.  In addition, USEPA is proceeding 

on the basis of the Massachusetts v. EPA to promulgate regulations that would require the 

control of greenhouse gas active materials. 

Internationally a number of nations have embarked on programs to require reductions in 

the emissions of greenhouse gases in response to the Kyoto Protocol and many nations, including 

the United States, are actively involved in programs to mandate additional greenhouse gas 

emissions. 

With the understanding that reductions in greenhouse gas emissions may be imposed on 

West Virginia sources, the Feasibility Subcommittee (ñFSCò) provides discussions of the 

following issues to the Legislature for its consideration. 

Using W.Va. Code §22-11A-6(h) as a guide, the FSC was assigned the task of 

developing information and discussion of all or part of the following subsections:  

(1) Recommend appropriate methods to encourage the development of carbon 

dioxide sequestration technologies; 

(2) Assess the economic and environmental feasibility of large, long-term carbon 

dioxide sequestration operations; 

(4) Recommend methods of facilitating the widespread use of carbon dioxide 

sequestration technology throughout West Virginia; and 

(7) Assess the costs, benefits, risks and rewards of large- scale carbon dioxide 

sequestration projects in West Virginia. 

The Feasibility Subcommittee discusses these issues in Section A.2. through A.7 as follows: 

A.2. Background - The Magnitude of the Task 

A.3. Is CCS Feasible for West Virginia? 

A.4. Cost of Various Technologies and Estimating the 

Economic Impact of Implementing CCS in West Virginia. 

A.5. Environmental and Health Related Factors. 

A.6. Incentives for CCS Technology. 

A.7. Conclusions and Recommendations Being Discussed for the Final Report. 

IV.A.2. Background ï The Magnitude of the Task 

Due to the presence of coal based electric generators in West Virginia the state is able to 

provide all the electric power needed to meet its own needs and is the second largest provider of 
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electric power for export to other states.
9
 West Virginia also produces the majority of its electric 

power by burning coal,
10

 a process that releases more greenhouse gas in the form of CO2 than 

other commonly used methods of power generation.
11

 In view of the relatively large amount of 

CO2 produced in the state and the contribution of coal production and utilization to the economy, 

the West Virginia Legislature should be aware of the impact that requirements for significant 

reductions in CO2 could have on the state. 

It is likely that sources in West Virginia will be faced with having to reduce CO2 

emissions over the next few years by significant amounts. Currently there is no method to make 

such reductions without either curtailing in-state generation or constructing new lower carbon or 

zero carbon power plants. However, the development of CCS technology could allow West 

Virginia to continue as a major coal producing and electrical power exporting state. 

As of October 2009 West Virginia became the first place in the world in which a 

slipstream carbon capture and geological sequestration facility associated with a commercial 

coal-fired electric power plant was replaced into operation
12

. A great deal of operational and 

technical knowledge is being gained from this new facility. The state now has the opportunity to 

take part in the development of the administrative and legal processes needed to make this 

technology a useful tool for addressing greenhouse gas reduction throughout the world.  This 

section of the report discusses the magnitude of the challenge to reduce CO2 from a state, 

national and international perspective. 

The West Virginia legislature can help set the course for the actions to be taken by the 

state to answer this challenge. The Legislators should be aware of two important factors in 

addressing these challenges. First these challenges will require significant changes to be 

accomplished within the state. Second, these challenges may present many opportunities for the 

state to use our natural, human and intellectual resources in a manner that benefits our citizens. 

In the area of challenges, consider, for instance, the requirements that would be imposed 

on power generation in West Virginia by the proposed American Clean Energy and Security Act 

of 2009(ACES)
13

 which was passed by the U.S. House of Representatives in June of 2009.  In 

essence, this act would require that total greenhouse gas emissions in the US from specified 

sectors of the economy should be reduced by 3% in 2013, 17% by 2020, 42 % by 2030 and 87% 

by 2050.
14

 The base year for these percentage reductions is 2005, a year in which US Total GHG 

emissions were 7206 Mt CO2 eq.
15

 

                                                 
9West Virginia Energy Profile ï USDOE EIA, retrieved 11/30/09.     http://www.eia.gov/state/state-energy-profiles.cfm?sid=WV  
10 Ibid 
11 USDOE EIA Frequently Asked Questions ï Environment, list of CO2 emissions for various fuels per BTU. 

http://tonto.eia.doe.gov/ask/environment_faqs.asp#CO2_quantity  retrieved 11/30/09. 
12 AEP/APCo Mountaineer Plant CCS Process Validation Project, Mason Co., WV 
13 For a short discussion of ACES see article in Wikipedia at: 

http://en.wikipedia.org/wiki/American_Clean_Energy_and_Security_Act  This article also reports acronym as ACES although 

some sources Quote as ACESA. 
14 American Clean Energy and Security Act of 2009 - HB 2454  (as placed on Senate Calendar) Title VII, Section 703. 
15 For the purpose of this discussion when talking about emissions of CO2, the term ñMtò (million metric tonnes) will be used as 

opposed to emissions of all GHGs which are reported in terms of Mt CO2eq (CO2 equivalent includes the emissions of the other 

so-called Kyoto greenhouse gases reported as the product of their actual tons emitted and the gasôs global warming 

potential(GWP). Thus 1 ton of methane is reported as 21 tons of CO2eq since the GWP for methane = 21). To confuse matters 

further, most listing of total emissions is now being reported internationally in terms of teragrams (Tg) of CO2eq. A teragram is, 

however, equal to 1 million metric tons. 

http://tonto.eia.doe.gov/state/state_energy_profiles.cfm?sid=WV
http://tonto.eia.doe.gov/ask/environment_faqs.asp#CO2_quantity
http://en.wikipedia.org/wiki/American_Clean_Energy_and_Security_Act
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To put these challenges in perspective, assume that West Virginia sources are required to 

reduce emissions by the percentages specified in the Act. As shown in the attached Table A.1, in 

2007 West Virginia coal-fired power plants emitted approximately 85.6 million metric tons of 

CO2 and in the base year of 2005 emissions from coal-fired electric production amounted to 84.1 

Mt.
16

  

Under the proposed ACES legislation, West Virginia sources would be required to reduce 

CO2 emissions by approximately 2.52 Mt in 2012, 14.28 Mt in 2020 and 35.32 Mt by 2030. Note 

the allowance allocations available each year during the interims between these target dates also 

decline on a sliding scale (for instance in 2014 there would be a requirement for a 7.3% 

reduction from 2005 emissions).  As an alternative the stateôs generators could purchase offsets 

under the ñcap and tradeò program provided in the Act. 

On a national basis HR 2454 would limit emissions from certain sources to only 4,627 Mt 

in 2012, 5,056 Mt (from a broader list of sources) in 2020 and 3,533 Mt in 2010 from ñcapped 

sourcesò (which include coal-fired power plants).
17

 Note that the allowed emissions allocations 

do not recognize any growth in electrical demand.
18

   

                                                 
16 USDOE EIA. State Historical Tables for 2008 Emissions by Energy Source, January 21, 2010 

.http://www.eia.doe.gov/cneaf/electricity/epa/emission_state.xls  
17 Note that the rise in allowances in 2020 is due to an increase in the types of sources that are to be considered to be in the 

capped category between 2012 and 2020.  
18 The Energy Information Agency projects that in years 2008 through 2035 electrical demand in the US will increase at a rate of 

about 1% / year. Coal generation capacity would increase by about 24 GW using the assumptions used in their analysis. EIA 

admits that economy and concern about GHG emissions could significantly change that projection. USEIA, ñAnnual Energy 

Outlook 2010,ò Electrical Generation,  December 2009. http://www.eia.doe.gov/oiaf/aeo/overview.html ,(Accessed 2/9/10) 

http://www.eia.doe.gov/cneaf/electricity/epa/emission_state.xls
http://www.eia.doe.gov/oiaf/aeo/overview.html
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TABLE  IV.A.1
19

 

Some important numbers when considering emissions of Greenhouse Gases. 

Electric Power Produced in US      4156 TWh
20

 
21

 

Electric Power Produced by Coal in US    2016 TWh
22

 

World Production of Electric Power     18,778 TWh
23

 

World non-Hydro Renewable Production    473 TWh
24

 

West Virginia Coal-fired Electric Power    94 TWh
25

  

West Virginia Renewable Power (Wind)    0.168 TWh
26

  

Amount of CO2 emitted in US Energy Production   5912 Mt
27

 

Amount of CO2 emitted by US coal-fired electric power  2155 Mt
28

 

World Coal-fired Electric Production CO2    12,496 Mt
29

 

West Virginia Coal-fired Electric Power CO2   85.6 Mt
30

 

Total US GHG Emissions       7150 Mt CO2eq
31

 

Total World CO2 Emissions (Anthropogenic)   29,914 Mt
32

 

Options Available To West Virginia to Reduce CO2 Emissions 

While reductions in any listed greenhouse gas will count toward achieving the reductions 

required in the ACES proposal, the reductions most likely to occur in West Virginia will involve 

reductions in CO2.
33

 While technology is developing almost daily a number of facts should be 

                                                 
19 All data in this table is based on calendar year 2007, unless otherwise noted. 
20 A terawatt hour (TWh) is the amount of electrical power meeting a demand of 1 trillion watts for one hour. 1 TWH equals 1 

million megawatt hours or 1 billion kilowatt hours, all of these terms are commonly used to designate large quantities of 

electrical power. To put this measure into perspective, 1 TWh is the amount of electrical power that would be used by a 100 watt 

incandescent light bulb if it burned continuously for approximately 1.2 million years.  
21 USDOE EIA. Net Generation by Energy Source, May 14, 2010.  http://www.eia.doe.gov/cneaf/electricity/epm/table1_1.html. 
22 Ibid. 
23 USDOE EIA. International Energy Statistics ï Coal - Generation  

http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=2&pid=2&aid=12  
24 Reference is listed as Non-hydro as hydro is not considered to be renewable in many definitions. USDOE EIA. International 

Energy Statistics ï Generation - Renewables 

http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=2&pid=34&aid=12&cid=&syid=2004&eyid=2008&unit=BKWH

&products=34  
25 USDOE EIA. State Historical Tables for 2008 ï Generation by Energy Source 

http://www.eia.doe.gov/cneaf/electricity/epa/generation_state.xls  
26 Ibid 
27 Includes all energy production, electric generation, transportation, etc. USDOE EIA. Emissions of Greenhouse Gases Report ï 

2008, December 3, 2009. Table 5 Emissions of Carbon Dioxide for Energy and Industry. 

http://www.eia.doe.gov/oiaf/1605/ggrpt/carbon.html#total  
28 Ibid. 
29 USDOE EIA. International Energy Statistics  - Coal ïGeneration ï CO2 Emissions 

http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8&cid=&syid=2003&eyid=2007&unit=MTCD&

products=1  
30 USDOE EIA. State Historical Tables for 2008 Emissions by Energy Source, January 21, 2010 

http://www.eia.doe.gov/cneaf/electricity/epa/emission_state.xls  
31USEPA  Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990ï2007 Executive Summary  p. 6, April, 2009.SDOE 

EIA.  

http://www.epa.gov/climatechange/emissions/downloads09/ExecutiveSummary.pdf  
32 Note this is only for burning of fossil fuels, other GHGs not included. See: USDOE EIA. H.1co2  World Carbon Dioxide 

Emissions from the Consumption and Flaring of Fossil Fuels, 1980-2006 

http://www.eia.doe.gov/pub/international/iealf/tableh1co2.xls  
33 The West Virginia 2005 baseload value represents the best estimate of total GHG emissions according to the Energy 

Information Agency. ACES does not specify the actual 2005 emissions to be used in determining individual compliance limits, 

only the national total of 7206 Mt. While demonstrated reductions in other GHG gases would yield larger reduction credit than 

http://www.eia.doe.gov/cneaf/electricity/epm/table1_1.html
http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=2&pid=2&aid=12
http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=2&pid=34&aid=12&cid=&syid=2004&eyid=2008&unit=BKWH&products=34
http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=2&pid=34&aid=12&cid=&syid=2004&eyid=2008&unit=BKWH&products=34
http://www.eia.doe.gov/cneaf/electricity/epa/generation_state.xls
http://www.eia.doe.gov/oiaf/1605/ggrpt/carbon.html#total
http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8&cid=&syid=2003&eyid=2007&unit=MTCD&products=1
http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=90&pid=44&aid=8&cid=&syid=2003&eyid=2007&unit=MTCD&products=1
http://www.eia.doe.gov/cneaf/electricity/epa/emission_state.xls
http://www.epa.gov/climatechange/emissions/downloads09/ExecutiveSummary.pdf
http://www.eia.doe.gov/pub/international/iealf/tableh1co2.xls
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borne in mind when looking at the options available to West Virginia CO2 sources to achieve the 

reductions envisioned in this proposal. 

Assuming there is some required reduction based on the timetable in the ACES proposal: 

 In 2012 there is no technology currently forecast to be commercially 

available to actually remove CO2 from the emission stream of coal-fired 

power plants.  

 If ACES is able to move through the legislative process with most of its 

current language intact, there will be opportunity for much of the early 

compliance to be met by the use of offsets, which would allow West Virginia 

coal-fired sources to continue to operate.
34

   

 West Virginia utilities could back off in-state generation and either build 

zero carbon generation or purchase such generation from others (including 

out of state sources).
35

 

 West Virginia could reduce electrical demand by the percentages listed in 

ACES but would also have to increase the amount of reduction to account 

for any growth in demand.  

 With each year seeing increasing requirements for reductions at some point 

actual reductions in the emissions of CO2 from West Virginia sources would 

have to be accomplished. 

What Carbon Capture and Sequestration Means 

Carbon capture and sequestration is a technology that would remove carbon in the form 

of CO2 from the emission stream of a power plant and store the removed material in a manner 

that would prevent it from entering the atmosphere or ground water.  Methods being investigated 

for carbon capture have looked at either biological processes, using some form of living 

organisms that utilize CO2 as a carbon source, or chemical processes which use a chemical 

reaction that absorbs or incorporates CO2. 

It is possible to design bioreactors that use living organisms to synthesize molecules that 

can be further processed into carbon-based fuel which can replace fossil based fuel.  An example 

of such a process would use CO2 captured from a power plant emission stream to enhance 

production of specific types of algae. The algae could then be processed into material that could 

be substituted for fossil fuel. The net effect would be a reduction in CO2 emission. 

Another possible biological sequestration strategy involves the uptake and long-term 

storage of carbon in biomass such as trees.  This postpones the release of greenhouse- active 

materials to a point in the future. This type of storage requires some guarantee that the biomass is 

not handled in manner that would rapidly re-introduce the captured CO2. 
36

 

                                                                                                                                                             
CO2 (e.g. 1 ton methane reduction = 21 tons CO2 reduction) a discussion of CCS involves only CO2 as this technology has not 

been proposed for other GHGs. If other deductions are shown to be feasible the impact of such deductions would proportionally 

lessen needed lowering of CO2 quantities. 
34 ACES Title VII, Part D ï OFFSETS  
35 For instance using WVôs total 2007 production of 94 TWh and emissions of 85.6 Mt (see Table A.1) gives a state average of 

0.91 Mt/MWh. With a reduction of 2.52 Mt needed for 2012, state utilities would have to reduce output by 2.77 TWh in 2012 and 

15.70 TWh in 2020. It appears that WV would have to increase renewable generation by a significant amount (see Table IV.A.1) 

to provide in-state generation to replace idled coal power. 
36 See for instance WORKING PAPER ON CARBON SEQUESTRATION SCIENCE 
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In general, chemical capture processes have come to focus on the geological storage of 

the captured material. In this process, captured CO2 in a supercritical or dense phase is pumped 

underground to reside in a geological stratum that has been demonstrated to have the capacity to 

hold the material for very long time periods (thousands to millions of years).
37

 

Biological capture and storage is a developing field of scientific interest. The Working 

Group feels that for this method of achieving greenhouse gas reduction any requirements the 

state may have to meet should not be ignored. The Working Group would encourage the state to 

support such research and development. However, the Working Group interprets the focus of 

W.Va. Code Chapter 22 Article 11A to be centered on the geologic sequestration of CO2.
38

 This 

report will therefore concentrate on techniques involving the capture of CO2 from power plant 

emissions and the geologic storage of the captured CO2. 

Is There a Need For CCS? 

Many references have stated that the development of CCS technology is critical to 

achieving the goal of reducing the emissions and atmospheric concentration of greenhouse gases. 

For instance in expressing disappointment with a decision by the Mississippi Public Service 

Commission to severely restrict funding for Southern Companyôs proposed IGCC plant with 

CCS, the position of Secretary of the Department of Energy, Stephen Chu, was described in 

Energy Daily as follows: 

ñThe energy secretary said the nation has to build large-scale CCS projects that 

will allow the continued use of coal in a carbon-constrained regulatory 

environment. óNothing ranks as high as CCS . . . among the tools that could be 

used to decrease carbon emissions,ô Chu said. He acknowledged that that CCS 

projects are óvery costly and expensive,ô but added: óI think we have to push 

ahead.ôò
39

 

A look at the magnitude of CO2 emissions listed in Table A.1 gives some idea of the 

amount of CO2 that is emitted from electrical production on a worldwide, national and West 

Virginia basis. West Virginia coal-fired plants emitted 85.6 Mt of CO2 in 2007 and, according to 

the timetable in ACES, would have to reduce that to roughly 50 Mt by 2030. The nation would 

have to reduce CO2 from coal-fired plants by at least 908 Mt in that time frame. If the world 

were to try to meet the same reduction schedule, world coal-fired power would have to reduce 

emissions by another 4,800 Mt from current coal emission rates. Worldwide it is estimated that 

by 2030 overall coal use will increase to a level approximately 1.6 times the amount used in 

2004. 
40

 

                                                                                                                                                             
AND TECHNOLOGY, Office of Science, Office of Fossil Energy, U.S. Department of Energy, February 1999, available at:  

http://www.netl.doe.gov/publications/press/1999/seqrpt.pdf  for an extensive discussion of the whole issue of biological 

sequestration. 
37 There are a lot of documents available dealing with geological sequestration. One of the most comprehensive references that is 

often quoted is IPCC Special Report on Carbon Dioxide Capture and Storage, Bert Metz, et al, Prepared by  Working Group III 

of the Intergovernmental Panel on Climate Change, Cambridge University Press, 2005  
38 §22-11A-1(12) states that development of carbon dioxide capture and sequestration technologies is in the public interest. §22-

11A-2(b) then defines Carbon dioxide sequestration as ñéthe injection of carbon dioxide and associated constituents into 

subsurface geologic formations intended to prevent its release into the atmosphere.ò  
39 Energy Daily ñChu Urges Mississippi Regulators. Southern Co. To Reach IGCC Deal.ò Friday, May 7, 2010 ED Vol. 38, No. 

86 p. 4 
40 World Energy Council, ñ2007 Survey of Energy Resourcesò p. 2. The council projects that coal use would increase from 2772 

mtoe in 2004 to 4441 mtoe in 2030. (mtoe = million tonnes of oil equivalent). 

http://www.netl.doe.gov/publications/press/1999/seqrpt.pdf
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In any discussion of world emissions, China is often of peak interest due to the fact the 

country exhibits the most significant emissions growth of any country in the world. China is now 

the worldôs largest CO2 producer and user of coal in electric generation
41

.  Between 2008 and 

2009 Chinaôs net generation of electricity increased by 6%
42
.  Chinaôs consumption of coal is 

forecast to more than double by 2035
43

.  In addition to China most of the increase in coal 

generated electricitiy will come from India and other fast-growing Asian nations
44

. 

With so much coal-fired generation capacity currently installed and much of this capacity 

still brand new, especially in developing nations, much of the physical plant devoted to coal-fired 

power generation is likely to continue in service. Generally newly constructed power plants are 

expected to operate for 30 to 50 years. In an era in which reduction of CO2 emissions is seen as 

critical, CCS provides a method to preserve this critical infrastructure and still make progress 

toward reducing greenhouse gas emission. The World Resources Institute states in the Executive 

Summary to its Guideline for Carbon Dioxide Capture, Transport, and Storage: 

ñCCS is a critical option in the portfolio of solutions available to combat climate 

change, because it allows for significant reductions in CO2 emissions from fossil-

based systems, enabling it to be used as a bridge to a sustainable energy future.ò
45

 

Is CCS the ñOnlyò Solution to Climate Change? 

The West Virginia Legislature must be clear on one very important point about CCS. No 

one who has a firm understanding of the challenges facing the state in trying to find a solution to 

reconciling the worldôs energy needs with the desire to reduce atmospheric concentrations of 

greenhouse gases is proposing that CCS is the ñonlyò solution to climate change. CCS is a 

method that if effectively demonstrated and widely deployed could have dramatic and potentially 

permanent impact on the emissions of CO2 from large stationary sources. But with coal-fired 

electric production accounting for roughly 42% of world anthropogenic CO2 emissions (see 

Table 1), even a total and immediate cessation of all coal-fired electric production (a totally 

impossible occurrence) would fall short of the 50% reduction by 2050 in human emissions 

identified as a combined US/European Union goal in the November 3, 2009 EU/US Summit 

meeting in Washington DC.
46

 

Nor is CCS the least expensive of the many options identified for the reduction of 

greenhouse gas emissions.
47

 For instance, The McKinsey Report proposes that on a per ton basis, 

CCS is not the least expensive method of reducing GHG emissions by a very large margin. 

However, in looking at the amount of greenhouse gas reduction being proposed by many 

authorities, some will conclude that even with the employment of all the easier and less 

expensive methods of reduction there will still be a pressing need for even some of the most 

expensive technologies. 

                                                                                                                                                             
http://www.worldenergy.org/documents/ser2007_final_online_version_1.pdf  
41 EIA Country Overview_China. http://www.eia.gov/countries/county-data.crm?fips.CH 
42 Ibid. 
43 Ibid. 
44EIA International Energy Outlook April 2011, http://www/eia.gov/ciaf/ieo/html 
45 World Resource Institute, Guidelines for Carbon Dioxide Capture, Transport, and Storage, 2008, p.8 
46 2009 EU ï US Summit Declaration, accessed 11/25/09, available at:  

http://ec.europa.eu/external_relations/us/sum11_09/docs/declaration_en.pdf  
47 See for instance McKinsey & Company  Reducing U. S. Greenhouse Gas Emissions: How Much at What Cost, December 

2007, Executive Summary, U.S Mid-Range Abatement Curve 2030 p. xiii. 

http://www.worldenergy.org/documents/ser2007_final_online_version_1.pdf
http://ec.europa.eu/external_relations/us/sum11_09/docs/declaration_en.pdf
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Wedge Stabilization Analysis 

To understand the magnitude of this effort, the Legislature needs to look at the multiple 

factors involved in a total remake of the electric power system in the state, in the nation and in 

the world. S. Pacala and R. Socolow of Princeton University proposed the now-famous 

Stabilization Wedges process of looking at how current technology could address the challenge 

of climate change.
48

 The authors looked first at the levels of rising emissions over the last 50 

years. They then projected what the atmospheric concentration would be in the 2050s assuming 

the same rate of increase as the historical data. Using the result they had calculated, they 

postulated the employment of existing technologies that would be needed to reach a 

concentration in 2050 that did not exceed the level reached in 2004. In other words, their 

proposal would not reduce emissions but only recreate the emissions level that existed in 2005. 

The analysis shows that by 2050 the technologies employed would have to result in a 

total worldwide reduction of 8 billions tons per year of CO2eq. The authors then assigned to each 

of 8 specific strategies an annual reduction goal of 1 billion tons each. On a graph each of these 

goals develops into a wedge shaped figure that starts representing a small deployment of the 

technology which reaches 1 billion tons in 2050 as the technology is more widely adopted.  The 

basic idea is to achieve a lifestyle for all the worldôs inhabitants that approaches that common in 

the western world and still meet the projected greenhouse gas emissions goals. 

Over the roughly 50 years of the process each wedge represents a total reduction equal to 

25 billion tons. Different technologies are then analyzed to determine what level of deployment 

of the technology would be needed to achieve one wedge. For instance, replacing every single 

incandescent light bulb in the entire world with CFLs would yield ¼ of one wedge. For CCS to 

achieve a single wedge it would have to be installed at 800,000 MW of coal-fired power plants. 

Currently this would equal the total number of coal plants in the U.S. plus almost all the 

generation capacity of China (regardless of power source). The authors note that at the time of 

the report there were three projects in the world (all were natural gas treatment projects) injecting 

1 Mt/year each. By 2055 there would have to be 3500 such projects to achieve one wedge. 

Other technologies that would equal one wedge: 

 Efficiency ï Double the fuel efficiency of every automobile on earth or 

reduce the total numbers of miles driven by ½. 

 Efficiency ï Double the efficiency of all plants producing electrical power 

but keep electrical demand at its current level.  

 Fuel Switching ï (Note CCS is included in this category) Replace 1400 coal-

fired power plants by an equal number of natural gas plants. 

 Renewables ï Replace an equivalent capacity of coal-fired plants by 1 

million wind turbines each with a capacity of 2 MW. 

 Renewables ï Replace an equivalent capacity of coal-fired plants with 

20,000 square kilometers of solar panels.
 49

 

                                                 
48 Pacala, Stephen W., and Robert H. Socolow, 2004: Stabilization Wedges: Solving the Climate Problem for the Next 50 Years 

with Current Technologies. Science, 305, doi:10.1126/science.1100103 968-972 
49 To learn more about Wedge Stabilization see the web page at: http://cmi.princeton.edu/wedges/  

for a quick PowerPoint see: http://cmi.princeton.edu/wedges/Wedges_slides_8.ppt#12  

http://cmi.princeton.edu/bibliography/results.php?author=3475
http://cmi.princeton.edu/bibliography/results.php?author=3480
http://dx.doi.org/10.1126/science.1100103
http://cmi.princeton.edu/wedges/
http://cmi.princeton.edu/wedges/Wedges_slides_8.ppt#12
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This analysis lists 15 different technologies that the authors consider to be currently 

available and notes that no technology would have to necessarily supply an entire wedge on its 

own for the program to achieve its goals. Any combination of methods contributing either parts 

of or multiple wedges could be employed to achieve the stabilization desired. It should be noted 

again that this analysis would not achieve an emission reduction below the 2005 baseline. It 

would only preserve the emissions status quo of the base year. 

The Wedge Stabilization discussion illustrates the important point that any reduction 

scheme is going to have to utilize multiple tools. But all reduction strategies have to take into 

account the growing electrical demand in a world where over 1.6 billion people still have no 

access to electrical power.
50

 

West Virginia is already in the lead by virtue of having the first coal-fired power plant 

CCS project in the world operating in Mason County. A project such as this, along with others 

being planned and developed around the world, may be able to demonstrate that CCS can have 

an immediate and lasting impact on atmospheric carbon content. The state is in the position to 

learn much about how such a project actually will work. The opportunity to help develop the 

administrative processes, laws and regulations that will be a model for others to follow is in the 

hands of the West Virginia Legislature. 

IV.A.3. Is CCS Feasible for West Virginia? 

 With the acknowledgement that there is a significant probability that CCS is likely to be 

one of the methods needed to achieve the greenhouse gas reduction goals the world and the 

nation are likely to set the questions to be considered by West Virginia may be summarized as 

follows: 

1. What factors need to be considered in determining if CCS is feasible and 

beneficial for West Virginia?   

Question 1 is addressed in this section and Section A.4 

2. What factors need to be addressed to be able to assure the citizens of West 

Virginia that CCS is safe in terms of human health and the environment? 

Question 2 is addressed in Section A.5. 

3. What are the technical issues (both engineering and geological) that must 

be addressed to ensure the efficacy of CCS in West Virginia? 

Question 3 is addressed in Section IV.B. 

4. What legal and liability issues need to be decided before CCS can be 

pursued in West Virginia? 

Question 4 is addressed in Section IV.C. 

5. If the Legislature were to decide that CCS would be beneficial to West 

Virginia, what actions should be to ensure the realization of these benefits 

for the citizens of the state? 

The Working Group suggests that the following factors will have to be considered by the 

West Virginia Legislature before an informed decision can be made. 

 Will West Virginia have a need for CCS? 

                                                 
50 USDOE EIA.  International Energy Outlook 2009, Chapter 5 ï Electricity, May 27, 2009 

http://www.eia.doe.gov/oiaf/ieo/electricity.html, accessed 12/1/09. 

http://www.eia.doe.gov/oiaf/ieo/electricity.html
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 If so, when will that need become a reality? 

 What is currently available to meet such a need using CCS? 

 Are there alternatives to CCS for meeting those needs? 

 What are the projected costs and benefits to West Virginia and  

 how do these compare with the costs and benefits of alternatives? 

Looking at these factors individually the Working Group offers the following discussion. 

Will West Virginia have a need for CCS? 

Earlier in this report there was a discussion of the probability for CO2 emission 

reductions in the near future. West Virginia currently has 14,715 MW of coal-fired power plants 

and approximately 39 utility-owned coal-fired generating units.
51

 Table IV.A.1 shows that in 

2007, West Virginia coal-fired generation emitted 85.6 Mt of CO2eq.  West Virginia could 

choose to meet upcoming GHG reduction goals by simply backing off generation. As the state is 

a net exporter of electrical power this could be done without reducing in-state electrical power 

usage. However, before choosing this option the state would want to further examine the 

economic impact of such an action. As stated previously in this report, CCS could provide a 

method whereby existing coal-fired generation could continue at the same or even increased 

levels. 

From a national perspective, as of 2005 there were approximately 1470 coal-fired 

generating units in the United States representing 313,380 MW of capacity.
52

  A simple 

proportional reduction could mean that 53,275 MW of this total would have to achieve 100% 

reduction in CO2 emissions by 2020 to meet the 17% reduction goal listed in ACES. While there 

may be other methods of achieving compliance with the requirements outlined in ACES,
53

 at 

some point a significant portion of the 313,380 MW of coal-fired power will either have to be 

retrofitted with CCS or retired. In addition, as shown in Table IV.A.1, there is considerable coal-

fired generation worldwide, In many countries, especially in developing nations, the often 

readily available coal may still be the most economic option for these countries to provide the 

standard of living that they have not yet been able to achieve. It is possible that many of these 

nations will choose to continue to build new coal-fired generation and will not have the ability to 

develop low carbon technology to do so. CCS technology, developed in West Virginia and other 

US states, could be shared with some of these nations in a manner designed to lower world-wide 

emissions. 

It may not be possible to say that the development of CCS in West Virginia is absolutely 

essential. However, the challenges discussed above demonstrate that CCS could be an integral 

part of achieving the goal of greenhouse gas reduction pending a satisfactory resolution of issues 

such as those listed in questions 2 through 4 above. 

When will a need for CCS become a reality? 

                                                 
51 USDOE EIA. Generating Units - http://www.eia.doe.gov/cneaf/electricity/page/capacity/existingunits2005.xls  

Total MW - http://www.eia.doe.gov/cneaf/electricity/st_profiles/sept04wv.xls    
52 USDOE EIA. Electric Power Industry 2008: Year in Review,   Table 1.1. Existing Net Summer Capacity by Energy Source 

and Producer Type, 1997 through 2008    http://www.eia.doe.gov/cneaf/electricity/epa/epaxlfile1_1.pdf   
53 For instance carbon offsets, energy efficiency measures, energy conservation practices and repowering with lower or zero 

carbon emitting resources.  

http://www.eia.doe.gov/cneaf/electricity/page/capacity/existingunits2005.xls
http://www.eia.doe.gov/cneaf/electricity/st_profiles/sept04wv.xls
http://www.eia.doe.gov/cneaf/electricity/epa/epaxlfile1_1.pdf
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There are a number of unknowns in answering this type of question. The first is the 

prospect for the establishment of binding legislative or regulatory action mandating some form 

of reduction in greenhouse gas emissions.  The second is the actual form that such reduction 

requirements will take and what other methods may be allowed to enable emitting sources to 

develop technical and administrative processes needed to achieve reductions. 

Regarding legally binding requirements, ACES has now been joined by the American 

Power Act (also called the Kerry ï Lieberman bill) which is the Senate version of ACES.  There 

are many similarities between the bills, both of which follow a cap and trade program for 

greenhouse gases. There are many different projections regarding the possible approval of the 

bill in the US Senate, but should it pass, there would need to be a conference version agreed to 

by both houses. The timing of such a consensus between the two houses is unknown at this time. 

The USEPA, on May 14, 2010, released its ñTailoring Ruleò which sets a roadmap of 

how the Agency will handle air quality permitting for stationary sources of greenhouse gases in 

the wake of its endangerment declaration.  This declaration, issued on December 7, 2009, states 

that the emission of greenhouse gases in the United States constitutes an endangerment to public 

health and welfare.  As of January 2, 2011, power plants (and other sources) emitting greenhouse 

gases will have to consider these emissions in any decisions made regarding their impacts on air 

quality. 

There are currently conflicts between the programs that would be set up under the 

congressional action and those established under the USEPA actions, but under either approach 

the emissions of greenhouse gases, including CO2, will be controlled to some extent in the near 

future. 

The actual form of whatever regulatory or legislative requirements are chosen for GHG 

emission control will have a very large impact on the timing the need for CCS. For example, in 

the proposed ACES there is an allowance for a phase-in for CO2 reduction from coal-fired power 

plants as such sources could use emission offsets in the early years. In such a case the need for 

CCS could be postponed until the post-2020 period. 

However, if reductions are called for too early or are too stringent to be compatible with 

the technical, administrative and economic demands of CCS, coal-fired generation may be 

precluded from using CCS.  Utility generators may then be forced into investment in lower 

carbon natural gas generation (with a CO2 emission approximately ½ of that emitted by coal) in 

the years before CCS is ready.
54

 In this situation, a market for coal-fired CCS may never exist. A 

need to shift to natural gas generation in the next ten years could also tend to lock in generators 

to using gas for a period long enough to allow the recovery of the cost associated with the 

investment.  Natural Gas CCS is, of course, an option although the technology is currently not 

being developed. In determining whether CCS is indeed in the best interest of the state, the 

Legislature may have to decide whether coal or natural gas generation of electrical power allows 

the best future for the State of West Virginia. 

                                                 
54 For example, Calpine Corporation in a presentation discussing its new Russell City Energy Center cited its proposed permit 

limit for CO2 of 1100 lbs/MWh but referenced reports of NGCC plants achieving results of 800 lbs/MWh. A coal plant, usually 

emitting 2000 lbs/MWh, would emit <800lbs/MWh with a removal efficiency of 60%. Calpine Corporation. GHG BACT 

Analysis Case Study. Presentation to EPA Climate Change Work Group, November 19, 2009 (as updated February 3, 2010). 

Slides 8-9. http://www.epa.gov/air/caaac/climate/2010_02_GHGBACTCalpine.pdf (Accessed February 10, 2010)  

http://www.epa.gov/air/caaac/climate/2010_02_GHGBACTCalpine.pdf
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Such a situation could be encountered in some legislative actions or if the USEPA must 

proceed with regulatory controls under existing Clean Air Act requirements. If the USEPA 

carries through with its proposed regulation of CO2 some have argued that the Agency could 

have to set limits in a manner that may force utilities into programs that would take effect in 

ways the Agency may not have considered.
55

 If the USEPA must develop restrictions that 

impose large reductions before CCS is commercially available this may cause CCS to become 

less attractive and accelerate any move away from coal as a power source. 

The best atmosphere for the use of CCS and for the continued ability of the nation to be 

able to use coal as an energy source would be one in which significant reductions in CO2 

emissions would not be required until the demands noted above have time to be resolved. 

Estimates of when CCS will become commercially available (i.e., technically developed and 

economically feasible) vary depending on who is making the projection. In general, it is 

anticipated that this is most likely to happen in the 2020 -2030 time period.
56

  

What is currently available to meet such a need? 

There are currently a number of technologies that are being considered for providing 

efficient, commercially available CCS at the lowest possible cost. Any currently considered 

methods (none of which are commercially available) tend to be energy intensive and thus very 

expensive. Some proposed methods of carbon capture would require a different form of boiler 

technology while others would involve extensive boiler retrofit.  

However, it should be noted that various businesses operating in West Virginia are 

already taking a leading role in investigating and developing CCS. 

 The AEP/APCo Mountaineer Plant CCS Process Validation Project is the 

first project in the world in which an actual 20 MW slipstream from the 

emissions of a coal fired power plant is subjected to a carbon dioxide capture 

process with the captured material sequestered in a geological strata 

approximately 8000 feet below surface grade at the plant. The project began 

actively operating on October 1, 2009, and successfully captured and 

sequestered CO2 until May 2011. The capture technology being 

demonstrated in this project is the chilled ammonia process developed by 

Alstom, an international company that designs, manufactures and supplies 

products and systems for power generation. 

 AEP and APCo are also performing the preliminary work on developing the 

first commercial scale CCS project in coordination with a grant from 

USDOE. The 235 MW project will also capture and sequester carbon dioxide 

                                                 
55See, for instance, Greenhouse Gas Regulation under the Clean Air Act   Does Chevron Set the EPA      Free? December 2009 

Resources For the Future. Available at:         

http://www.rff.org/Publications/Pages/PublicationDetails.aspx?PublicationID=20964   
56 See for instance "Facts and Trends: Carbon Capture and Storage (CCS)" World Business Council on Sustainable Development, 

October 2006 which in 2006 predicted a 20 year time frame or "Future of Coal," Testimony before the Committee on Energy and 

Natural Resources, United States Senate by Bryan Hannegan, Vice President, Environment, Electric Power Research Institute, 

March 22, 2007 who stated that to achieve the goals being discussed  in upcoming legislative efforts all new plants would need 

CCS after 2020. 

 

http://www.rff.org/Publications/Pages/PublicationDetails.aspx?PublicationID=20964
http://www.wbcsd.org/web/publications/facts&trends-ccs.pdf
http://energy.senate.gov/public/_files/hannegantestimony32007FINALrev.pdf
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from a portion of the emissions from the Mountaineer 1300 MW generating 

unit using the Alstom chilled ammonia process. 

The project is being undertaken in conjunction with a diverse technical 

advisory committee that includes recognized experts in the field of geologic 

carbon dioxide storage. This group will include participants from 

Schlumberger Limited, Battelle, Lawrence Livermore National Laboratory, 

Massachusetts Institute of Technology, The Ohio State University, West 

Virginia University, The University of Texas, West Virginia Geological 

Survey, Ohio Geological Survey, CONSOL Energy and the West Virginia 

Department of Commerce Division of Energy. Additionally, Battelle and 

Schlumberger will work directly with AEP to design and deploy the carbon 

dioxide storage system. 

 Alstom and Dow CO2 Capture Pilot Plant - On September 10, 2009, The 

Dow Chemical Company (Dow) and Alstom dedicated a carbon dioxide 

(CO2) capture pilot plant at the South Charleston facility.  In 2008, the two 

companies entered into a Joint Development Agreement to develop this 

technology, and in March 2009 announced plans to design and construct the 

pilot plant. 

 This pilot plant will capture CO2 from the flue gas of a coal-fired boiler at 

the South Charleston plant.  The pilot plant will use proprietary advanced-

amine technology to capture approximately 1,800 metric tons of CO2 per 

year.  The pilot plant will operate for two years, generating and collecting 

data that can be used to optimize and implement this technology at coal-fired 

power plants worldwide.  This new process will significantly reduce the 

amount of energy required for CO2 separation and capture. 

The Alstom pilot plant is running well.  The process is on-line daily, 

recovering CO2 from the Dow coal-fired boiler flue gas.  Data from the plant 

is being used for R&D purposes and process information for future pilot 

scale and full-scale carbon capture projects throughout the world.  Tests 

include long-term chemical degradation, carbon capture efficiency, energy 

efficiency, analytical methods, operating procedures and control strategies.  

Current test plans project operation into 2011.
57

  

 CONSOL Energy, with partial funding from the U.S. Department of Energy 

and in collaboration with West Virginia University, began injecting CO2 into 

an ñunmineableò coal seam in Marshall County, West Virginia, in September 

2009 to simultaneously sequester the CO2 and to enhance the production of 

coalbed methane.  The WVDEP issued a Class II Underground Injection 

Control permit for the project.  The team expects to inject up to 20,000 tons 

of CO2 over the course of two or more years and to continue to monitor the 

site for up to two additional years.
58

 

Are there alternatives to CCS for meeting those needs? 

                                                 
57 Amos, J. , Dow Environmental Manager ï Personal communication, June 1, 2010.  
58 Winschel, R. A.,  Director of Research Services, CONSOL Energy, Inc. Personal Communication, June 7, 2010. 
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Using ACES as a surrogate for predicting future reduction requirements and the 2005 

base emission rate from West Virginia sources of 84.1 Mt, electric generation sources in West 

Virginia would have to reduce emissions to 83 Mt CO2eq in 2012, 71 Mt by 2020, 50 Mt by 

2030 and 15 Mt by 2050.
59

 Such reductions in emissions cannot be achieved without either a 

technology to remove and permanently store CO2 from power plant emissions or a significant 

reduction in coal use for electric generation. 

Natural Gas 

One suggestion, a large shift to natural gas generation, would perhaps postpone the need 

to capture and store CO2 but as stated above natural gas still emits roughly one half the CO2 that 

results from coal-fired generation. Emission reductions outlined in either ACES or the American 

Power Act would require further controls in the post 2020 period. 

Nuclear Power 

More reliance on nuclear power could be an alternative to CCS. Nuclear power is widely 

used in Europe and throughout the U.S.  Despite fears about its safety, it has the best safety 

record of any fuel for electric generation.  There are currently 26 applications for nuclear power 

plants in the US pending before the NRC.
60

  West Virginia, however, has not pursued such 

options in the past. Conceivably, this is an option that the state could pursue. However, if this 

course were to be pursued, the Legislature may have to revisit the apparent barrier to the 

employment of nuclear power in articles §16-27A-1 and §16-27A-2 of the state code, which 

require that a nuclear power plant must be economically feasible and that a permanent national 

repository for nuclear waste disposal has been proven safe and functional. 

Hydro Generation 

West Virginia does have access to significant water resources, a factor that has 

contributed to the ability of the state to utilize its coal supplies to export electrical power. 

Hydropower could be further developed in the state. West Virginia has areas with significant 

elevation change across the state that could allow the exploitation of the stored energy located in 

upland areas. While the construction of dams for energy generation is not favorably considered 

under current public sentiment, in an era of changing energy options and increasing CO2 

concerns, the state may be able to further investigate hydropower. In addition, small scale hydro 

which does not involve building dams is a promising use of West Virginiaôs water resources.   

Wind 

Wind power is becoming an important state resource. West Virginia is already one of the 

leading states for commercial wind development in the eastern U.S. and other sites are under 

construction and in the planning stage. As of the date of this report, West Virginia has 431 MW 

of wind capacity producing commercial electrical power.
61

 This makes West Virginia the state 

with the 56
th
 largest installed capacity east of the Mississippi River.

62
 Wind power may be 

                                                 
59 Based on % reductions listed  in ACES Title VII section 702 and base 2005 emission from all generating sources of 

85,649,741mmt from US Energy Information Agency, State Historical Emissions  Tables for 2008, line 21929. 

http://www.eia.doe.gov/cneaf/electricity/epa/emission_state.xls retrieved January 22, 2010.  
60 Deutch, J et. al. Update of the MIT 2003 future of Nuclear Power, Massachusetts Institute of Technology, Cambridge MA 
61 U.S. Department of Energy, Wind Powering America. 
62 Ibid. 

http://www.eia.doe.gov/cneaf/electricity/epa/emission_state.xls%20retrieved%20January%2022
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becoming more difficult to build as public opposition is often seen to utility scale plants. Major 

wind resources in West Virginia appear to be located on the eastern ridge lines, an area that 

many feel needs to be protected. Utilization of commercial wind development is also extremely 

reliant on the availability of adequate transmission capacity. West Virginia may not have 

sufficient wind capacity to ever become self-sufficient in electrical production using wind alone, 

but appropriate utilization of the stateôs wind resource could be an important aspect of a 

diversified energy portfolio. 

Nationally, wind energyôs ability to offset carbon emissions depends on power system 

operations and the ability to anticipate its output.  Because wind is intermittent it cannot be 

dispatched as regularly as fossil-fired power generation.  Combined with flexible generating 

technology within a responsive real-time system, wind power can be efficiently integrated.  But 

due to its intermittency wind will never be a major component of the power system and the 

challenges of integration may increase with greater amounts of wind capacity. 

Biomass 

Biomass co-firing and wood-fired power generation are two other sources of base-load 

electricity that could be produced in West Virginia. Based on physical quantities, wood residue 

available in the State could support several power plants of up to about 50 MW. However, the 

variability of transport costs due to the fuelôs locations relative to a plant site could restrict plant 

size. A single such 50 MW plant operating at an 80 to 90 percent capacity factor would provide 

less than half a percent of electricity currently generated in the State. The relative capital cost of 

such a plant is competitive and production tax credits could apply depending on how associated 

forestry management contributes to carbon levels. 

Biomass produced to be co-fired with coal could play a larger role but is not widely 

developed. Switchgrass or some other energy crop, as well as wood residue, can be compressed 

into bricks or pellets that on a ton-per-ton basis contain an energy value comparable to Powder 

River Basin coal.
63

 Trial switchgrass crops on former surface-mined lands in West Virginia are 

presently being evaluated for yield. Generally, pilot scale tests co-firing no more than 20% 

biomass with 80% coal have been assessed.
64

 Overall, biomass represents a modest and 

underutilized energy resource that if it became available could theoretically, employing the mix 

cited in these pilot studies   supply up to 20 percent of energy inputs for base-load power 

generation. This would, of course, depend heavily on the supply of low cost biomass within an 

economically viable distance from the power plant. 

Solar 

It is sometimes assumed that West Virginia has limited potential for solar electricity due 

to low insolation.  However, Germany, whose population is about 50 times that of West Virginia, 

currently obtains about one percent of its electricity from solar.  Insolation should be greater in 

West Virginia than in Germany, since our state lies roughly 12 degrees further south.  Much of 

Germanyôs solar capacity has been installed since its Feed-In Tariff (FIT) law was restructured in 

2000. Additional incentives for solar installation could be considered in West Virginia.
65

 

                                                 
63 Presentation by Mid-West Biofuels on October 28, 2009. 
64 http://www.eesi.org/files/cofiring_factsheet_030409.pdf 
65 http://www.worldwatch.org/node/5449#notes 

http://www.eesi.org/files/cofiring_factsheet_030409.pdf
http://www.worldwatch.org/node/5449#notes
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It should be noted that the city of Nitro has received monies from the the USEPA to 

conduct, in partnership with the West Virginia Brownfields Assistance Center, ña one year study 

to collect critical solar data to evaluate the potential for solar power development at the 

commercial, community and local business scale by using some of the over 800 acres of former 

industrial properties. Data collected will be compared to existing NREL (Department of Energy's 

National Renewable Energy Lab) information on solar generation potential, as well as provide 

valuable clean energy information for the Nitro community and surrounding areas.ò
66

 

Energy Efficiency 

In its 2009 State Energy Efficiency Scorecard
67

, the American Council for an Energy 

Efficient Economy ranked West Virginia at 45 and included it among the states that ñmost need 

to improve.ò Based on studies of this type some may conclude that enhanced energy efficiency 

programs would dramatically reduce the need for CCS retrofits, would be less expensive, and 

would involve none of the environmental and legal issues associated with CCS. Discussions 

regarding energy efficiency will continue in the Feasibility Subcommittee. 

Maryland and Ohio both mandate that utilities have plans to reduce consumer demand by 

15 % by 2015.  Through energy efficiency programs, West Virginia could meet a significant 

portion of its greenhouse gas reduction requirements and save money for consumers in the 

process.  According to the American Council for an Energy Efficient Economy, implementation 

of the energy efficiency provisions in the ACES Act could result in creation of 2700 jobs 

annually in West Virginia, save consumers $521/year (2007 $/household), and lower CO2 

emissions by 6 Mt.
68

 An energy efficiency bill has been introduced in the West Virginia 

legislature in 2009 and 2010 (HB 4012 for 2010). In the 2009 session, the West Virginia 

Legislature recognized the importance of energy efficiency measures by including ñenergy 

efficiency technologiesò as methods to be used for compliance with the stateôs goals as 

established in the West Virginia Alternative and Renewable Energy Portfolio Standard Act. 

CO2 Transport 

Another potential alternative to CCS would involve the participation by West Virginia in 

some of the various projects currently being proposed involving the transport of captured CO2 to 

places where it may be considered to be a valuable commodity. CO2 can be effectively utilized 

and potentially geologically stored in enhanced oil and gas recovery operations. There are many 

areas of the United States with recoverable oil and gas reserves that can not be economically 

produced with other methods. Many of these reserves still possess significant reserves but are not 

being worked due to a lack of useable CO2. 

In addition, almost any commercial scale CCS project would require multiple injection 

sites, some of which may be located at areas some distance from the point of generation of the 

CO2. This could involve the construction of intrastate and potentially even interstate pipelines. 

There are technical, legal, administrative and public safety issues involved that West Virginia 

may need to address.  

                                                 
66 http://www.epa.gov/reg3hscd/bf-lr/newsletter/2009-Fall/repower.html 
67 http://aceee.org/pubs/e097.pdf?CFID=1338466&CFTOKEN=56457960  
68 Gold, R., L. Furrey, S. Nadel, J. Laitner, and R. N. Elliott, 2009.  Energy Efficiency in the American Clean Energy and 

Security Act of 2009:  Impacts of Current Provisions and Opportunities to Enhance the Legislation.  American Council for an 

Energy-Efficient Economy, Report E096. 

http://www.epa.gov/reg3hscd/bf-lr/newsletter/2009-Fall/repower.html
http://aceee.org/pubs/e097.pdf?CFID=1338466&CFTOKEN=56457960
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What are the projected costs to West Virginia? 

In any assessment of the cost of deploying CCS in the state there are a number of areas 

that must be addressed to answer the question. First, is the actual economic cost of installing and 

operating CCS feasible for facilities operating in the state.  Second, what impact would the 

installation of such technology have on the overall economy of West Virginia?  And third, what 

are the potential impacts on the safety and health of the people of West Virginia and the overall 

environmental integrity of the state. These areas are addressed in the next two sections of this 

report. 

Question 1: What factors need to be considered in determining if CCS is feasible 

and beneficial for West Virginia?   

IV.A. 4. Cost Comparisons of Various Technologies 

How expensive is the installation of possible technologies expected to be and is such an 

expenditure in the best interest of the state? A literature-based study was performed in an attempt 

to estimate some of the cost associated with constructing and operating a CCS facility and how 

these costs may compare with other low-carbon alternatives. 

It should be noted that the costs included in this section should be considered as a 

comparison type analysis and should be viewed as representing the result of a specific set of 

assumptions which may vary over time.  The subcommittee would like to caution those reading 

this report that even comparative rankings listed herein may change as conditions evolve.  As 

discussed earlier CCS may not be the least expensive of a number of different means of 

achieving some of the goals associated with a desire to reduce carbon dioxide emissions. The 

Feasibility Subcommittee will continue to evaluate the need for CCS to be part of the Stateôs 

efforts to achieve these goals. The Legislature will have to decide which of the proposed means 

of achieving these goals are in the best interest of the citizens of West Virginia. 

Cost of Various Technologies 

The purpose of this study was to determine the economic feasibility of Carbon Capture 

and Sequestration (CCS) for fossil fuel electric generation in the State of West Virginia as 

compared with alternative electric generating technologies.  We have reviewed publicly available 

documents for the costs of electric generating technologies and CCS technologies.  The cost data 

vary widely as there is little operating history of CCS costs.  The published CCS information that 

is readily available consists of projected costs based upon data from operating generation plants, 

and information learned generally from experimentation and demonstration CCS projects. 

The widely accepted method of evaluating the economic feasibility of an electric 

generation technology is to determine the Levelized Cost of Electricity (LCOE) produced.  The 

levelized cost considers all of the components of cost including permitting, financing and capital 

cost, as well as the components that make up a plants fixed and variable operating costs levelized 

over the life of the facility.  A number of studies are available which examine the capital and 

levelized costs of a variety of electric generating technologies.  Data was selected from the 

Energy Information Administration Annual Energy Outlook 2009 and three studies prepared 

under the auspices of the DOE/NETL.  The first DOE study ñCost and Performance Baseline for 

Fossil Energy Plants DOE/NETL 2007/1281 Volume I Bituminous Coal and Natural Gas to 

Electricityò Rev1 examined the cost of new electric generating facilities.  The second DOE 
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study: ñCarbon Dioxide Capture from Existing Coal Fired Power Plants DOE/NETL-

401/110907ò examines the cost associated with adding CCS to existing facilities.    The third 

study: ñCO2 Capture Ready Coal Power Plants DOE/NETL 2007/1301 Final Report April 

2008ò examined the cost effectiveness of including in the original design of a coal-fired power 

plant the capability to retrofit a CCS system. 

The competing energy forms were compared on a levelized cost of electricity basis to 

determine relative cost competitiveness.  The results of the effort in executive summary format 

are contained herein. 

As noted above, the data varied widely.   The final projected costs in this report are not to 

be construed as projected costs of production on an individual generating site basis.  The inputs 

for O&M can vary widely for each source depending on geographic location, fuel supply costs, 

etc.  A true cost analysis would need to be performed on a case by case basis taking into 

consideration additional variables such as local legislation, demand for base load vs. peaking 

power needs, capacity factors of the various generating forms to meet demand, infrastructure 

needs, etc. The reported costs should be used to generally compare competing technologies to 

determine whether CCS is in the realm of competitiveness, and therefore whether the State of 

West Virginia should even consider legislation to promote its use. 

The capital costs as published in the studies are provided in Table A.1 for plants without 

and with CCS.  The reported capital costs are listed to show the relative size of initial investment 

needed for the competing technologies, however, many of the figures are dated, and actual 

current capital costs are likely significantly higher. 

In Table IV.A.1, the IGCC with CCS $/kW cost is listed at $3496/kW.    A company is 

planning to build a $1.75 billion coal gasification power in Ector County, Texas.  Summit Power 

Groupôs Texas Clean Energy Project calls for it to be a 400-megawatt net (560 MW gross) 

integrated combined cycle (IGCC) plant that is designed to capture 90 percent of the carbon 

dioxide produced. According to a news release, the plant will capture 3 million tons of CO2 

annually, which will be used for enhanced oil recovery in the Permian Basin.  Using the numbers 

being proposed by Summit Power as current estimates for IGCC Construction (hard costs) with 

90% CO2 capture, the data would translate to approximately $3125/kW (gross) or $4375/kW 

(net). 

Another proposed IGCC facility in Mississippi is expected to be in service in 2013 has a 

total system cost of $3000/kW with 50% carbon capture.  This information is from Southern 

Companyôs public comments. 

The costs of a nuclear power facility as stated in the EIA report appear to be much lower 

that the current estimates by utilities and others which are in excess of $6000/kW.
69

 Ontario 

Hydro recently announced canceling a large Nuclear power plant project as the capital costs have 

now exceeded $10,000/kW. The capital cost estimate shown in Table IV.A.1 is approximately 

50% of the current low end estimate of the cost of an advanced nuclear plant currently under 

consideration. 

The reported capital costs for adding CCS to an existing PC coal plant include the initial 

capital for constructing the plants, and therefore are overstated. 

                                                 
69 Federal Energy Regulatory Commission Increase Costs in Energy Markets (Staff Report) June 9, 2008. 
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Cost figures in Table IV.A.1 do not include the offsite capital costs of power transmission 

or infrastructure, which could be substantial particularly for wind and solar since the generating 

capacity per power unit is very small and substantial expansion of the current transmission would 

be required for infrastructure to accommodate many smaller generating units.  The capital costs 

for infrastructure requirements of solar powered generation could be negated to a degree with 

alternative roof top installations. 
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TABLE IV.A.2  

Capital Cost $/kW 

          

Capital Cost 
      EIA Study 2007$   

      Note 2   
Natural Gas Combined Cycle (NGCC)   948   
NGCC with CCS     1890   
Wind     1923   
New Pulverized Coal (PC)     2058   
Integrated Gasifier Combined Cycle (IGCC)   2378   
Nuclear     3318   
IGCC with CCS     3496   
Biomass     3766   
New PC with CCS   Note 3 3846   
Solar     5021   
Existing PC with retrofit CCS   Note 4 5050   
          
Notes:         

1) Source: US Energy Information Administration Annual Energy Outlook 2009 except as otherwise noted. 

Cap Ex costs taken from EIA Annual Energy Outlook 2009 Assumption to the Annual Energy Outlook 2009 

Table 8.2 Cost and Performance Characteristics of New Central Station Electricity Generating Technologies 

2) Overnight capital costs including contingency factors, excluding regional multipliers and learning effects.  

Interest charges are also excluded.  These costs represent new projects initiated in 2008 expressed in $2007.  

Capital costs are shown before investment tax credits are applied where applicable 

3) The capital cost of a PC unit with CCS was not included in the EIA study. The data provided in the Cost 

and Performance Baseline for Fossil Energy Plants DOE/NETL 2007/1284 Volume I Bituminous Coal and 

Natural Gas to Electricity Rev 1 August 2007 was used to determine the incremental cost of adding a CCS to 

a PC unit as a percentage of the capital cost of a PC unit without CCS.  That percentage was applied to the 

capital costs of a PC unit as defined in the EIA study to estimate the cost of a PC unit with CCS.    

4) The capital cost of retrofitting a PC unit with CCS was not included in the EIA study.  The data provided 

in the CO2 Capture Ready Coal Power Plants DOE/NETL 2007/1301 Final Report April 2008 was used to 

determine the incremental cost of adding a CCS to an existing PC unit as a percentage of the capital cost of a 

new PC unit without CCS.  That percentage was applied to the capital costs of a new PC unit as defined in 

the EIA study to estimate the cost of an existing PC unit with CCS.  The total cost is conservatively high as 

the retrofitted PC unit would have a depreciated value with respect to the capital cost of a new PC unit and 

thus the total capital cost would be less than the cost of a new PC unit and a retrofitted CCS as stated herein. 
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TABLE IV.A.3  

Ranking of Levelized Costs $/MWh  

 

                  

      EIA Study 2007$ 

      w/o CCS Rank   w CCS Rank Notes 

Nuclear     107.3 4   107.3 1   

Biomass     107.4 5   107.4 2   

IGCC with CCS at DOE Target 

Price N/A     113.9 3 4 

NGCC     79.9 1   115.7 4   

IGCC     103.5 3   122.6 5   

New PC with CCS at DOE Target 

Price  N/A     127.7 6 3 

Wind     141.5 6   141.5 7   

New PC     94.6 2   175.6 8   

Existing PC Retrofitted w CCS N/A     201.2 9 2 

Solar     263.7 7   263.7 10   

                  

Notes:                 

1) Overnight capital costs including contingency factors, excluding regional multipliers and learning effects.  Interest 

charges are also excluded.  There costs represent new projects initiated in 2008 expressed in $2007.  Capital costs are 

shown before investment tax credits are applied where applicable 

2) The levelized cost of energy (LCOE) of retrofitting a PC unit with CCS was not included in the EIA study.  The 

increase in LCOE as a result of retrofitting a CCS was defined in Carbon Dioxide Capture from Existing Coal-Fired 

Power Plants DOE/NETL-401/110907 (Final Report Original Issue Date, December, 2006  Revision Issue Date 

November, 2007).  The percent increase over the base case (no CCS) was applied to the base case LCOE of a PC unit 

as defined in the EIA study to determine the incremental LCOE to retrofit CCS to an existing PC unit.  The LCOE of a 

retrofitted PC unit as stated here is conservatively high as the retrofitted PC unit would have a depreciated value with 

respect to the capital costs of a new PC unit and thus the LCOE would be less than the cost of a new PC unit with a 

retrofitted CCS as stated herein.               

3) DOE's goals for CO2 capture in combustion systems as stated in DOE document: Existing Plants, Emission and Capture -

Setting CO2 Program Goals, dated April 20,2009 (DOE/NETL-2009/1366) are to limit the maximum increase in LCOE 

to 35%.  This value was used to determine the LCOE in the table above.  

4) DOE's goal for CO2 capture in gasifier systems is to limit the maximum increase in LCOE to 10%.  This value was 

used to determine the LCOE in the table above.  

 

Table IV.A.3 presents the levelized costs of the various technologies.   In the EIA data, 

for cases without CCS, NGCC is the low cost alternative followed by pulverized coal, IGCC, 

nuclear, biomass, and wind.  Specific site factors and other factors would weigh into the 

selection of a specific technology for a selected site.  Solar appears to be higher than the other 

technologies. 

When CCS is included, fossil fuel technologies would incur an incremental increase in 

LCOE due to the capital and operating costs of the CCS.  Table IV.A.3 includes the EIA 

estimates of the LCOE based on current CCS technology development.  However, DOE has 
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established goals of advancing technology such that the incorporation of CCS in a gasification 

process or in a combustion process will not increase the LCOE by more that 10% and 35% 

respectively.  Therefore estimated LCOEôs for those technologies were also provided which 

reflected the achievement of the DOE goals. 

In the study, the ranking of nuclear improves with the requirement for CCS.  The results 

indicate that nuclear provides a low LCOE.  However, the capital and operating costs of the 

advanced nuclear design are the least known among all of the technologies and as stated earlier, 

the capital cost estimate shown in Table A.1 is approximately 50% of the current low end 

estimate of the cost of an advanced nuclear plant currently under consideration. 

Biomass provides a low LCOE when CCS is a requirement.  This is due to the fact that 

biomass would not be required to install CCS systems.  Biomass is followed in succession by 

IGCC achieving DOE cost goals, NGCC with CCS,  IGCC with current pricing, PC achieving 

DOE cost goals and wind.  The cases of a new PC with current CCS cost estimates and an 

existing PC with retrofit CSS cost estimates follows with the solar option resulting in the highest 

LCOE. 

On a levelized basis, with CCS included, the ranking of some of the renewable 

technologies improves (nuclear and biomass).  The fossil fuel technologies remain economically 

viable when compared to the other renewable technologies particularly if the DOE costs goals 

are at least partially achieved. 

The data compilation suggests that CCS technologies should continue to be pursued to 

provide not only a viable means to capture and store carbon, but also to retain the 

competitiveness of the fossil fuels we are abundantly blessed with in West Virginia.  The actual 

supply of electricity in a region will be a makeup of several sources of supply based upon the 

actual LCOE of each source, and its capacity for base load supply. 

Study Scope: Estimating the Economic Impact of Implementing CCS in West Virginia 

Second, in our consideration of the costs of CCS, what must we know before we can 

estimate the impact that such a program would have on the economy of West Virginia? An 

additional study looked at what would need to be done to address this question. 

Implementing carbon capture and sequestration (CCS) will require Federal mandates 

and/or financial incentives. West Virginia-based emitters will not undertake the expenses 

associated with CCS without being required to do so or being faced with a more expensive 

alternative to reduce CO2 emissions such as cap-and-trade or carbon taxes. Because it 

participates in regional markets for electricity and coal, West Virginia will not implement CCS 

on its own due to competition. An analysis of the impact of CCS in West Virginia is highly 

linked with the impacts of doing so in most of the Eastern U.S. 

CCS is a capital-intensive activity and most emitters have little experience with it. While 

the use of CO2 injection in the oil and natural gas industry is a highly developed technology, that 

experience is only partially transferable to emissions from electric generators using coal. To fully 

implement CCS will take many years, and the nature of capture will change as the technology 

used by emitters changes. 

The economic impact of CCS in West Virginia depends much on the timeframe desired 

to be evaluated. The need for new fossil-powered electricity generation capacity will depend on 
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growth in demand. In the next 20 years, much new generating capacity will be built to meet state 

renewable portfolio standards, which emphasize the use of alternative and renewable fuels.  

Under the West Virginia Alternative and Renewable Energy Portfolio Standard, electricity 

generated from coal with CCS counts; however, this is not the case in other states. Energy 

efficiency measures could also suppress demand growth. Thus, it is likely that most carbon will 

initially be captured with equipment added onto existing units. However, in 20 to 40 years a 

different type of generating capacity may be needed and new fossil units may be built with 

capture technology. As with all forecasting analyses, the longer the time-frame of evaluation the 

more assumptions will need to be made about demand and technology. 

Pending Legislation 

Recent efforts towards carbon regulation have generally focused on either carbon 

taxation or cap and trade. CCS is a stand-alone alternative if mandated or would be incentivized 

with a sufficiently large tax or very low cap on carbon emissions.  If an imposed tax or the cost 

of emission permits under cap-and trade in terms of costs per ton of emitted carbon is greater 

than the cost of CCS, then affected industries may elect to do CCS depending on the relative 

costs of other technologies. 

Based on historical experience it is reasonable to assume that the costs of CCS 

technology will fall dramatically as implementation and research continue. The pace of this 

progress is difficult to predict and becomes more uncertain the longer the time frame used for 

evaluation.  Any public policy which makes coal less competitive will provide an additional 

incentive for private research, but much of that research will require subsidization.  For good 

reason firms are reluctant to make major financial commitments to newer technologies.  Often 

the cost is high, the technology unproven and the certainty that even newer technologies with 

lower costs and increased efficiencies will emerge, makes the commitment of private capital less 

likely at the outset of CCS implementation. 

Depending on market forces, the regulatory environment and the pace of introduction of 

alternative fuels, it may be possible for coal generators to pass the costs of CCS on to the 

consumers of electricity.  Evaluating the ability of electric generators to do this would have to be 

part of any impact analysis.  Incurring the costs of CCS in West Virginia could be better 

economically for the State than for its utilities to simply pass along the cost of the tax or to 

participate in cap-and-trade, because a new industry will develop around CCS and with it jobs 

and expertise.  The trade-off between the creation of a new CCS industry and the possibility of 

forward shifting of the CCS cost would also need investigation. 

Scale of Implementation 

There are 14 or 15 coal-fired power plants in West Virginia that would currently be 

affected by carbon legislation. Carbon dioxide emissions from these plants amount to a little 

more than 86 million metric tons, about 3.4% of national levels from the electric power industry. 

It is likely that one or two of these plants would be retired if carbon capture were to be mandated. 

This would be determined by the costs of retrofitting older plants.  If cap-and-trade is used these 

plants would be eligible for carbon emission credits.  Closing them and using the credits to offset 

emissions elsewhere could prove to be a viable business strategy.  A handful of industrial direct 

coal users would also be affected. In any analysis of the future of generation in West Virginia 

some assumptions would need to be made about which plants might be subject to closure. 
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Current Projects 

West Virginia is the site of several projects developing CCS Technology. A short 

description of these projects is found on pages 26-27.  Because of these pilot projects, West 

Virginia is now a leader in deployment of CCS. If CCS becomes widespread the State will 

benefit from this experience.  These pilot projects, in West Virginia and elsewhere provide 

valuable information but they are only the first of several steps in proving the feasibility of CCS. 

Categories of Impact 

There will be both positive impacts from spending and negative impacts from increased 

costs due to implementation of CCS. The primary costs of CCS will be borne by coal-fired 

power plants. Primary Impacts: 

Higher electricity prices for residential, industrial and commercial consumers 

 The estimated costs of CCS vary by type of generator. Capture can take place pre or post-

combustion, with pre-combustion costs appearing more costly at present compared to adding 

technology to existing steam units. Older estimations have been as low as around $36/tonne 

(IPCC in 2002) but more recent figures are closer to $90 for CCS post-combustion. In 2007, MIT 

estimated that a carbon price of $30/tonne would make CCS cost competitive. In West Virginia 

rates could more than double, with residential rates expected around 18 to 19 cents per kWh.
70

  

 Because West Virginiaôs electricity mix is 98 percent coal and other states in the region 

have lower coal shares, the price impact will be higher in West Virginia than in other states. The 

indirect effects will include reducing any competitive advantage that exists for manufacturing 

inputs and to disproportionately reduce disposal income for households. Correlated federal 

incentives to induce energy efficiency investment for all sectors and to reimburse low-income 

households will offset some of the negative impacts and could cause some manufacturers to 

remain in West Virginia rather than moving to areas where products costs are lower.  

Reduced and less competitive electricity exports 

 West Virginia is among the largest exporters of coal-fired electricity.  Based on its 

overall generation mix, West Virginia exported nearly 36 million MWh of coal-fired electricity 

in 2009, more even than  Pennsylvania the largest state-level exporter of electricity and more 

than Texas, the largest state-level producer of coal-fired electricity.  .
71

  Electricity exports 

contribute to low electricity prices for WV customers.  While it is expected that coal-fired power 

generation in WV will need to be maintained at near current levels for at least 20 years, the long-

term generation mix could be significantly different. Carbon capture at a power plant also 

requires diverting a portion of the plantôs output to that capture, thus reducing the amount of 

electricity that can be delivered to customers. 

Changed sourcing of coal for power generation 

 The cost of carbon capture could change the origin of coal supply as some regional power 

plants may choose to substitute cheaper, low-Btu or other coal for West Virginia coal. Sub-

                                                 
70 Presentation by Mark Dempsey of Appalachian Power at the ñEnergy and Natural Resources Symposiumò on October 29, 

2009. It is uncertain what technology cost assumptions are incorporated within these figures.  
71 US DOE, EIA. 2009 State Electricity Profiles. 
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bituminous coal from Wyomingôs Powder River Basin can be brought to West Virginia at 

competitive prices and WV power plants with new pollution control technologies can purchase 

cheaper coal from areas like the Illinois Basin. On the other hand, IGCC technology is not 

compatible with PRB coal which greatly reduces the fuel options for that type of plant. 

Creation of a new industry with uncertain cost and indirect effects 

 Industries that buy carbon byproducts can be indirectly impacted by the industry. Capture 

costs can be offset when there is a market for chemical byproducts resulting from the separation 

of carbon. For example, when CCS is linked to enhanced oil and gas recovery, the economies 

improve. The most similar existing industry to a CO2 transport and storage industry is probably 

drilling oil and gas wells. Studies estimate the cost of transport and storage of CO2 at around $15 

per ton.
72

 

Transportation costs 

 One critic of CCS has contended that the transportation of CCS must be included in any 

feasibility considerations
73

.  While most attention has focused on capital and storage costs the 

expense of moving the amount of carbon from the place of generation to the site of storage is 

formidable.  While stating the CCS is inefficient as it consumes electricity to capture emissions 

requiring the burning of 25 percent more coals to gain the same amount of electric output.  The 

critic states: 

The harder challenge would be transporting and burying all of this high-pressure 

CO2 Collectively, Americaôs coal fired power plants generate 1.5 billion tons per 

year.  Capturing that would mean filling 30 million barrels with liquid CO2 every 

single dayðabout one and ha half times the volume of crude oil the country 

consumes.  It took roughly a century to build the infrastructure we use to 

distribute petroleum products
74

. 

 The author feels neither the engineering or financial issues concerning building those 

extensive networks have been contemplated much less started. 

 While this may be seen as an extreme calculation as CCS will be implemented over a 

period of time, the need for including the cost of this infrastructure cannot be ignored in 

feasibility calculations.  In West Virginia CCS will require both intra-state transport connections 

which must coincide with interstate ones.  Determination of these expenses should be added to 

the feasibility determination. 

Dynamic Modeling 

Estimation of the economic impact of CCS on the West Virginia economy must be 

modeled dynamically to capture net impacts and because it will only be accomplished over 

several years. Assumptions regarding the phasing of implementation, the number of years to full 

implementation and the percent of carbon captured each year in the interim are important 

                                                 
72 J. J. Dooley,R. T. Dahowski, C. L. Davidson, ñOn The Long-Term Average Cost of CO2 Transport and Storage,ò U.S. 

Department of Energy, Washington, DC, March 2008 http://www.pnl.gov/main/publications/external/technical_reports/PNNL-

17389.pdf  
73 Meigs, J.B. (Feb. 2010) ñThe Myth of Clean Coalò Popular Mechanics, 50-51 
74 Ibid. 52 

http://www.pnl.gov/main/publications/external/technical_reports/PNNL-17389.pdf
http://www.pnl.gov/main/publications/external/technical_reports/PNNL-17389.pdf
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variables. In the next 20 years, the impact will be seen largely as retrofits to existing fossil units, 

while in the following 20 years new fossil and/or nuclear units will be built.  The phasing of 

implementation can also be influenced by the availability and costs of alternative fuels. 

The net effect of higher generation cost and less generation will depend on the timing of 

CCS implementation, demand response and other electricity suppliers. Quantification will 

require development of a credible set of assumptions to simulate consumer and industrial 

response. 

There is also a question of a long-term health impact from reducing carbon emissions. 

Will W est Virginia see a direct or indirect positive impact to reducing emissions or will the 

benefits be felt more in coastal areas? Research should be done to evaluate the option of 

including such impacts. 

Methodology 

Review of the literature 

 It will be necessary to review the relevant articles and reports related to CCS.  A primary 

focus must be on costs of CCS and the anticipated pace of introduction of new technology.  

Further, the literature must be queried to determine the price responses of consumers to changes 

in electric consumption.  This will allow a determination of what the loss of demand for coal 

generated electricity in West Virginia will be.  In addition, the literature will be searched to 

determine the costs of switching to alternative or renewable fuels.  So long as CCS is cost 

competitive with these substitutes the loss of markets will be reduced. 

Consultation 

 Much, if not most, of the relevant information and data will have to come from the 

electric and coal industries themselves.  Extensive work has already been accomplished on CCS 

by them.  In addition there have been major studies by university based and private research 

organizations
75

. That work will be incorporated into the analysis.   

Statement of assumptions 

 For any analysis to proceed, certain key assumptions must be made and clearly identified.  

The validity of the analysis will rest on the validity of the assumptions.  Different assumptions 

will lead to different outcomes.  Considering that West Virginia electricity is primarily exported 

to users out of state, all assumptions must be region wide and not limited to West Virginia. 

Among the assumptions to be considered are: 

 The current and projected costs of CCS under various technologies 

 The level of demand response to increased prices for coal generated electricity 

 The costs and availability of alternate fuels 

 Uses and markets for CO2 

 Public policies regarding CO2 

 

                                                 
75 For a summary see: Kentc. A. and Truex, E.D.(March 24, 2010) Carbon Capture and Storage: Issues and Policies in 

Appalachia.  Presented at the Southern Regional Science Association Meeting, Washington, DC. 
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Development of scenarios 

 For that reason it may be necessary to develop alternative scenarios using different sets of 

assumptions in order to capture as many as possible of the projected outcomes.  What scenarios 

would be considered would have to be a decision based on input from affected parties. The 

choice of scenarios would have to be limited to those ñmost likelyò to happen or those with the 

greatest public support or concern. 

Analysis 

 The analysis dynamic must use a dynamic economic model.  The most widely used is 

REMI.  REMI allows for a determination of the impact on income, output and employment from 

alternative public policies.  It can project outcomes up to 20 years.  It also can pinpoint the 

impact of those policies by most major industries.  The output from the model would be 

translated into both written and graphic formats for distribution. 

Review 

 The analysis should have extensive review and comment prior to public distribution.  It 

should be considered by those who have consulted on the project as well as additional reviewers 

familiar with CCS and electric energy markets. 

Distribution  

 Following the review and inclusion of the results of that review, the report should be 

made public.  Particular attention should be made to placing it in the hands of the decision 

makers.  An analysis this complex would take at least a year for completion.  

Summary 

The feasibility of implementing CCS in West Virginia depends on the relative impact of 

doing so in the region. Other states in the region will also be affected and have different 

resources that can be used to meet the requirements of CCS. Isolating West Virginiaôs share of 

the impacts will require developing 20 to 40-year assumptions related to market share of power 

generation, coal production, alternative fuel production, energy efficiency, and the complexities 

of the industry of carbon storage itself. Assumptions regarding technology and the timeframe of 

implementation are equally important.  Considering the importance of coal to the West Virginia 

economy an analysis of CCS impacts would provide important information for both industry and 

government.  The sub-committee on feasibility recommends such a study be completed. 

Question 2: What factors need to be addressed to be able to assure the citizens of 

West Virginia that CCS is safe in terms of human health and the 

environment? 

IV.A.5. What potential environmental and health related factors need to be 

addressed prior to reaching a decision regarding the feasibility of 

encouraging CCS in West Virginia? 

The known potential human and environmental issues relevant to the feasibility of CCS 

include asphyxiation; explosiveness; risk to groundwater; effects on plant life; effects on seismic 

activity; effectiveness of CCS as a means of decreasing greenhouse gas emissions; increases in 
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energy requirements due to efficiency losses; increases in water use; and increases in other air 

emissions. 

Three avenues of release of CO2 to the surface where it can present a human hazard are 

pipeline leaks, well leaks and seepage through the subsurface to ground level. 

Asphyxiation 

CO2 is heavier than air and when concentrated it can pool near the ground, displacing 

oxygen.  Proper siting, construction, maintenance and monitoring of CO2 injection wells is vital 

to avoiding leaks into confined spaces such as basements, cellars, or other structures in or near 

the storage field.  Should a well blowout or pipeline leak occur out in the open, the CO2 likely 

would disperse quickly enough as to pose minimal risk of asphyxiation of human and animals. 

Explosiveness 

Unlike natural gas, CO2 is not flammable.  However, in order to maintain the 

supercritical or dense phase state, it is transported under high pressures.  A sudden release of 

pressure due to a pipeline puncture would be óexplosiveô in character but not flammable.  There 

would be, however, considerable potential for harm to humans and animals in the immediate area 

of such an explosion. 

With respect to transport, it should be noted that 3,769 miles of CO2 transport pipeline 

are already in place in the U.S., and during the period 1994-2006, 18 ñincidentsò resulted in no 

fatalities or injuries (See Table IV.B.3).  Based on historical data, the probability of injuries and 

fatalities from CO2 pipeline ñincidentsò appears much lower than that for natural gas 

transmission pipelines.  Still, extreme care should be taken in decisions as to siting of pipelines, 

operation of the pipelines to minimize possible corrosion, and implementation of effective risk 

management and mitigation plans. 

Risks to groundwater 

The protection of groundwater throughout a CCS project is vital to the water resources in 

West Virginia. Risks to groundwater quality arise from the potential for CO2 to mobilize organic 

or inorganic compounds, acidification and contamination by trace compounds in the CO2 stream, 

intrusion of native saline groundwater into drinking water aquifers, and the potential for the CO2 

to displace subsurface fluids.  The probability of many of these risks occurring may be decreased 

by a thorough site characterization, sound injection well construction, sufficient monitoring, and 

enforcement of existing regulations.  More detail can be found in Section IV.B. 

Effects on plant life 

Elevated levels of CO2 in the soil from well leaks, pipeline leaks or seepage can 

negatively affect soil ecosystems and potentially kill plants if sufficient oxygen displacement 

and/or soil acidification occurs.  Proper siting, construction, maintenance and monitoring of CO2 

injection wells is vital to avoiding leaks into soil. See Section IV.B regarding injection well 

construction. 

Seismic activity 

Proper siting of CO2 storage reservoirs and proper injection procedures are vital to avoid 

inducing seismic activity.  Geomechanical considerations include: 
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 Avoid regional tectonic stress near breaking strength of rock 

 Avoid potential reservoir where fracture porosity is dominant 

 Avoid low permeability reservoirs 

 Avoid injection rates that can significantly increase pore 

pressure over a wide area. 

Effectiveness 

Does CCS make coal ñcarbon neutralò? 

The goal for carbon capture from stationary sources is 90 percent.  Modeling of IGCC, 

NGCC and pulverized coal (PC) technology
76

 shows capture from gross power output (see 

Tables A.4 and A.5) between 86.98% (ConocoPhillips IGCC) and 89.44% (GE IGCC).  Capture 

measured at net power output is between 88.33% (NGCC) and 85.26% (subcritical PC). 

What is the likelihood the CO2 will ñstay putò after itôs injected? 

If it does not, then all our efforts and expense are for naught.  Regarding retention of 

sequestered CO2, the Intergovernmental Panel on Climate Change has stated that ñObservations 

from engineered and natural analogues as well as models suggest that the fraction retained in 

appropriately selected and managed geological reservoirs is very likely to exceed 99% over 100 

years and is likely to exceed 99% over 1,000 years.ò
77

 

Impact of capture technology on power generation 

The amount of energy required to power carbon capture equipment increases parasitic 

load (see Total Auxiliaries Table A.4) reducing the net output of electricity. Each technology 

was modeled to maintain either gross power output for gas turbines or net power for steam 

turbines
78

.  For each technology modeled, the difference with and without capture equipment is 

posted in Table IV.A.4 and the percent change is posted in Table IV.A.5. Compensating for this 

increase in parasitic load, 45.49% to 57.28% for IGCC technology and 288.21% to 290.07% for 

NGCC and PC technology is reflected in the increase consumption of coal by 2.19% to 4.54% 

for IGCC technology and 42.63% to 47.72% for PC technology.   This combination of higher 

parasitic load and higher fuel consumption to compensate decreases the efficiency of coal plants 

by an amount ranging from 14.92% to 22.14% or IGCC technology and 30.43% to 32.34% for 

pulverized coal technology (see Tables IV.A.4 and IV.A.5).  If CCS is employed on a large 

scale, therefore, significant additional amounts of coal may be consumed to maintain electricity 

generating output.  If the additional coal consumption is focused on pulverized coal technology 

instead of IGCC technology, the amount of coal required is expected to increase by more than 

42% (Table IV.A.5).  This will result in a concomitant increase in coal-related environmental, 

property and human health effects; these include, but are not limited to, water pollution, land 

degradation, loss of ecosystem services, flooding, generation of slurry from the processing of 

coal, damage to roadways from heavy coal trucks, and coal ash disposal. 

                                                 
76 NETL, 2007, Cost and Performance Baseline for Fossil Energy Plants. DOE/NETL 2007/1281.  Found at: 

http://www.netl.doe.gov/energy-analyses/baseline_studies.html 
77 IPCC, 2005: IPCC Special Report on Carbon Dioxide Capture and Storage.  Prepared by Working Group III of the 

Intergovernmental Panel on Climate Change [Metz, B., O. Davidson, H.C. de Coninck, M. Loos, and L.A. Meyer (eds)]. 

Cambridge University Press, Cambridge, United Kingdon and New York, N.Y., USA, 442 pp. 
78 Ibid 71, see exhibits 3-18 & 3-34, 3-51 & 3- 67, 3-84 & 3-100, 4-7 & 4-17, 4-28 & 4-38, 5-7 & 5-17.  

http://www.netl.doe.gov/energy-analyses/baseline_studies.html
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Increases in water requirements 

Tables IV.A.4 and IV.A.5 show that CCS is expected to increase water requirements for 

coal plants by an amount ranging from 10.06% (Conoco-Phillips IGCC) to 126.95% (subcritical 

PC). 

Effects on other air emissions 

Tables IV.A.4 and IV.A.5 also show that, while CCS will result in decreased emissions 

of SO2 and NOx at IGCC plants, emissions of NOx, particulates and mercury will increase at 

pulverized coal plants.  This could necessitate the installation of additional pollution control 

equipment in order to comply with permit requirements. 
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Table IV.A.4 

Change in power generation, consumption of raw materials and generation of by-products due to 

installation of Carbon Capture equipment
79

 

  Changes due to installation of Capture Equipment  

       

 

General 

Electric 

Energy        

IGCC 

Conoco 

Phillips              

E-Gas
TM

            

IGCC 

Shell 

Global 

Solutions 

IGCC 

Subcritical         

PC 

Supercritical 

PC 
NGCC 

Gas Turbine/Steam Turbine Power ï 

kWe -290 -30 -400 96,608 83,185 0 

Sweet Gas Expander Power ï kWe -870 - - - - - 

Steam Turbine Power ï kWe -24,230 -48,640 -54,065 - - -50,110 

Total Power ï kWe -25,390 -48,670 -54,465 - - -50,110 

Total Auxiliaries ï kWe 59,185 56,460 64,250 97,440 87,340 28,360 

Net Power ï kWe -84,575 -105,130 -118,715 -832 -4,155 -78,470 

Net Plant Efficiency - %(HHV) -5.7 -7.6 -9.1 -11.9 -11.9 -7.1 

Net Plant Heat Rate (Btu/kWe) 1,583.0 2,076.0 2,368.0 4,448.0 3,813.0 1,094.0 

       

Consumables       

As-Received Coal/NG Feed - (lb/h) 10,745.0 13,966.0 20,556.0 208,890.0 175,345.0 0.0 

Thermal Input ï kWt       

Raw Water Usage - m
3
/min (gpm) 575.0 378.0 771.0 7,886.0 6,718.0 2,168.0 

       

SO2 (lb/MWh) -0.019 -0.022 -0.004 Negligible Negligible Negligible 

Nox (lb/MWh) -0.040 -0.033 -0.025 0.164 0.143 0.006 

Particulates (lb/MWh) 0.003 0.005 0.007 0.030 0.027 Negligible 

Hg (lb/MWh) 0.3 x 10
-6
 0.4 x 10

-6
 0.5 x 10

-6
 2.7 x 10

-6
 2.4 x 10

-6
 Negligible 

CO2(Gross) (lb/MWh) -1,305.0 -1,263.0 -1,260.0 -1,555.0 -1,472.0 -697.0 

CO2(Net) (lb/MWh) -1,549.0 -1,477.0 -1,459.0 -1,608.0 -1,519.0 -704.0 

 

                                                 
79 NETL, 2007, Cost and Performance Baseline for Fossil Energy Plants. DOE/NETL 2007/1281.  Found at: 

http://www.netl.doe.gov/energy-analyses/baseline_studies.html 

 

http://www.netl.doe.gov/energy-analyses/baseline_studies.html
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Table IV.A.5 
Percent change in power generation, consumption of raw materials and generation of by 

products due to installation of Carbon Capture equipment. 

 

 

  Changes due to installation of Capture Equipment  

       

 

General Electric 

Energy        IGCC 

Conoco Phillips              

E-Gas
TM

            

IGCC 

Shell Global 

Solutions 

IGCC 

Subcritical         

PC 

Supercritical 

PC 
NGCC 

Gas Turbine/Steam Turbine 

Power ï kWe -0.06% -0.01% -0.09% 16.56% 14.34% 0.00% 

Sweet Gas Expander Power ï 

kWe -12.20% - - - - - 

Steam Turbine Power - kWe -8.11% -17.47% -19.04% - - -25.05% 

Total Power ï kWe -3.30% -6.55% -7.28% - - -8.79% 

Total Auxiliaries - kWe 45.49% 47.39% 57.28% 296.44% 290.07% 288.21% 

Net Power ï kWe -13.21% -16.86% -18.67% -0.15% -0.76% -14.00% 

Net Plant Efficiency - 

%(HHV) -14.92% -19.34% -22.14% -32.34% -30.43% -13.98% 

Net Plant Heat Rate (Btu/kWe) 17.74% 23.91% 28.51% 47.95% 43.72% 16.28% 

       

Consumables       

As-Received Coal/NG Feed - 

(lb/h) 2.19% 3.01% 4.54% 47.72% 42.63% 0.00% 

Thermal Input ï kWt       

Raw Water Usage - m
3
/min 

(gpm) 14.36% 10.06% 20.33% 126.95% 123.47% 86.31% 

       

SO2 (lb/MWh) -20.21% -24.18% -4.55% Negligible Negligible Negligible 

Nox (lb/MWh) -9.85% -7.62% -6.05% 26.75% 24.70% 10.00% 

Particulates (lb/MWh) 5.66% 9.62% 14.00% 26.32% 25.23% Negligible 

Hg (lb/MWh) 7.14% 9.52% 12.50% 27.00% 21.28% Negligible 

CO2(Gross) (lb/MWh) -89.44% -86.98% -89.43% -87.36% -87.57% -89.02% 

CO2(Net) (lb/MWh) -88.26% -85.38% -88.00% -85.26% -85.67% -88.33% 
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IV.A.6. Incentives for CCS Technology 

The decision concerning whether or not to take steps to provide incentives for the 

deployment of CCS Technology in West Virginia obviously must come subsequent to 

determining whether or not this technology is feasible.  However, in advance of that 

determination, the Legislature has tasked the Working Group with researching plausible 

incentives. 

Regulatory Certainty 

Regulatory certainty is arguably the single most important step the state can take to 

incentivize deployment of CCS technology in West Virginia.  To that end, the legal issues 

concerning pore space ownership and liability for sequestered CO2 need to be resolved and are 

being considered by the Working Group.  A clearly defined set of regulations and a definitive 

agency authority needs to be named to handle these projects.  Further, a multi-agency team 

should be formed to address all issues for a permit applicant during the submittal process.  At a 

minimum this would include WVDEP, PSC, WVDNR, WVEGS and WVDO. 

The American Clean Energy and Security Act (ACES Act)  

While the ACES Act has not been promulgated, it remains the most viable bill currently 

being considered by Congress concerning a carbon cap-and-trade program.  Language in the bill 

also promotes R&D and early deployment of CCS primarily by the creation of a carbon storage 

research corporation which uses funds to issue grants and financial assistance for commercial 

scale CCS projects.  The bill proposes funding of $1.1 billion per year for no more than 10 years.  

If the Act or an Act with similar provision is passed by Congress, the Working Group 

recommends that the Governor charge the West Virginia Development Office to make an 

extraordinary effort to make use of these monies by mandating at least one grant application be 

submitted each year. 

The ACES Act also proposes to provide allowances to the first facilities that implement 

capture and secure geologic storage that results in a 50% reduction in annual CO2 emissions.  

The West Virginia Alternative and Renewable Portfolio Standards Act, promulgated in 2009, 

places a mandate on the electric industry to utilize renewable and alternative fuels, and does 

allow generators to meet the standards by employing CCS.  This legislation should be reviewed 

to ensure that West Virginia is maximizing the incentive and that it is actually useful for 

generators as written. 

The American Recovery and Reinvestment Act (ARRA) 

The ARRA was passed by Congress in 2009 and included tax incentives for CCS 

technology.  It expanded tax credit bonds allocated to states and large local governments to 

finance clean energy projects including those incorporating CCS technology.  There was also 

money made available for an ñadvanced energy property investment creditò providing 30% 

credit for investment in property designed to capture and sequester CO2 as part of a qualified 

advanced energy manufacturing project.  After consulting with the West Virginia Department of 

Tax and Revenue to explore whether a similar property tax credit for West Virginia is feasible, 

the Working Group has learned that there are many tax credits available in West Virginia for 

R&D, business expansion, and pollution control devices.  The Feasibility Subcommittee will 
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perform further research to ensure that the existing credits are accessible for those willing to 

invest in CCS technology in the state so that the state credits may dovetail the federal incentives. 

Rate Incentive 

The PSC is currently directed to provide rate incentives for clean coal technologies which reduce 

SO2 and NOx emissions via the following law: 

§24-2-1g. Rate incentives for utility investment in qualified clean coal and 

clean air control technology facilities. 

 (a) The Legislature hereby finds and declares that the state of West 

Virginia has been a major supplier of coal to the electric power industry both 

within and outside of the state of West Virginia; the congress of the United 

States is currently considering legislation to limit the emissions of oxides of 

sulfur and nitrogen from coal-fired electric generating plants; the continued use 

of coal for generating electrical energy can be accomplished in an 

environmentally acceptable manner through the use of current state of the art 

and emerging clean coal and clean air technology; it is in the interest of the 

economy of West Virginia to encourage the use of such technologies for the 

production of electricity and steam; revenues from the continued production of 

coal are important to the State of West Virginia and are necessary for the 

funding of education and other vital state services; the construction of electric 

utility generation and transmission facilities may continue for many years 

following the finalization of plans for such facilities; and the prudence of the 

construction of such facilities may be affected by changing conditions during 

the extended interval between finalization of plans and completion of 

construction. 

 (b) Upon a finding that it is in the public interest of this state, as 

provided in section one, article one of this chapter, the public service 

commission shall authorize rate-making allowances for electric utility 

investment in clean coal and clean air technology facilities or electric utility 

purchases of power from clean coal technology facilities located in West 

Virginia which shall provide an incentive to encourage investments in such 

technology 

 (c) For purposes of this section a qualified clean coal or clean air 

technology facility must use coal produced in West Virginia for no less than 

seventy-five percent of its fuel requirements. 

 (d) The public service commission shall determine, at such time and 

in such proceeding, form and manner as is considered appropriate by the 

commission, the extent to which any electric utility investment or purchases of 

power qualify for incentive rate-making pursuant to this section. 

The Working Group suggests that a bill be proposed that adds CCS technology to this law. 

Pre-qualifying Storage Sites 
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ñPre-qualifyingò storage sites would entail a group of state agencies taking steps to locate 

and ensure the viability of potential sites as locations to sequester CO2.  Many factors would be 

considered such as topography, infrastructure, geology, etc.  While entities would still be 

required to follow the normal permitting process that is established, investment in the process 

would be incentivized given that initial steps have been taken to certify that the storage site is 

permittable.  This procedure will be further investigated by the Feasibility Subcommittee. 

IV.A.7. Property Taxation and CCS 

The Working Group has not considered the property tax implications, if any, of either the 

stored CO2 or the value of the right to use the pore space for CO2 storage. 

IV.A.8. Conclusions 

1. The timeline for requirements to restrict the emissions of greenhouse 

gases is, at present, uncertain. However regulation at some point in the 

next few years is near certainty.  

2. The task of reducing greenhouse gas emissions to the levels that many 

contend are necessary to avoid negative impacts of predicted climate 

change is monumental and will require major changes in the manner of 

producing and using energy. There is currently no proposed technology 

or acceptable life style adjustment that can meet these goals. In short, no 

one currently knows how to meet the projected goals for GHG reduction.   

3. Carbon Capture and Sequestration is one of many tools that can be used 

to meet the goals of reducing carbon emissions. The development and 

deployment of CCS may also allow West Virginia to continue to use its 

current electrical power generation infrastructure and coal supplies. 

4. Technology that is commercially able to capture and store carbon 

dioxide emissions from coal fired electric generation is not currently 

available. 

Question 3: What are the technical issues (both engineering and geological) that must be 

addressed to ensure the efficacy of CCS in West Virginia? 

IV.B . GEOLOGY & TECHNOLOGY REPORT 

IV.B.1:  Introduction  

The Geology & Technology Subcommittee was asked to focus on three questions posed 

in the legislation: identifying monitoring sites for geologic sequestration W.Va. Code §22-11A-

6(h)(5), assessing the feasibility of carbon dioxide sequestration in W.Va. Code §22-11A-

6(h)(6), and assessing the potential carbon dioxide sequestration capacity in the state W.Va. 

Code §22-11A-6(h)(8). All three subcommittees were asked to address three other questions 

posed in the legislation:  assess the economic and environmental feasibility of large, long-term 

carbon dioxide sequestration operations W.Va. Code §22-11A-6(h)(2), identify areas of research 

needed to better understand and quantify the processes of carbon dioxide sequestration W.Va. 

Code §22-11A-6(h)(9), and outline the working groupôs long-term strategy for the regulation of 

carbon dioxide sequestration in West Virginia W.Va. Code §22-11A-6(h)(10). The Geology & 

Technology Subcommittee worked in conjunction with the Legal Subcommittee to outline a 
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response to question 10, the working groupôs long-term strategy for the regulation of carbon 

dioxide sequestration in West Virginia.  It addressed several technical questions referred to it by 

other subcommittees.  West Virginia has a history of oil & gas and coal production and both 

indicate the potential for sequestration of captured CO2 in depleted oil & gas reservoirs as well as 

in unmineable coal seams.  Even more important for potential CO2 sequestration is the storage 

potential in saline formations or reservoirs which represents between 68 and 89 percent of the 

total storage potential in West Virginia (Table IV.B.9).  Initial estimates of the geologic storage 

capacity for carbon dioxide in West Virginia, at 90 percent capture rates, suggest that there is 

between 74 years and 227 years
80

 of injection for the annual carbon dioxide emissions from 27 

sources in West Virginia (Table IV.B.10).  The Midwest Regional Carbon Sequestration 

Partnership (MRCSP) has identified several stratigraphic horizons that may have potential for 

sequestration.
81

  Their work, along with the other six Regional Carbon Sequestration 

Partnerships, is combined into the NATCARB database.  These values for storage potential will 

be revised as additional information is obtained regarding the suitability of geologic formations 

for sequestering captured CO2. 

USEPA published their Underground Injection Control (UIC) program Class VI rules in 

the Federal Register in December 2010.  The primary purpose of UIC regulations is the 

protection of US drinking water (USDW).  USEPA also published, at the same time, Subpart 

RR, an additional section under their mandatory greenhouse gas reporting rule to cover carbon 

sequestration operations.  The mandatory greenhouse gas reporting rules are design to track 

GHG emissions.  Compliance with Subpart RR provides USEPA with the data it needs to 

confirm that sequestered CO2 remains in the reservoir.  Working together, both sets of 

regulations will require establishment of a monitoring, verification and accounting (MVA) 

system per NETL terminology or a Monitoring, Reporting and Verification (MRV) plan per 

Subpart RR, to confirm the position of the CO2 plume in the reservoir as well as detect possible 

leakage.  Initial MVA activity will be based on baseline information established prior to 

operations for future reference.  Site characterization activities integrating surface and subsurface 

data will improve understanding of the geologic setting in preparation of the five plans required 

for application for a Class VI permit; Area of Review (AoR) and corrective action, monitoring 

and testing, injection well plugging, post-injection site care (PISC) and site closure and 

emergency and remedial response.  With the publication of their Class VI rules and Subpart RR, 

regulations and permitting standards for Class VI permits are now known.  It will now be 

necessary to provide appropriate legislation and supporting regulations at the state level that 

address regulatory gaps not covered by Federal regulations.  It is also appropriate to develop the 

necessary expertise within state agencies to oversee this developing regulatory framework and 

growing industry. 

Assessment of the risks associated with storing carbon dioxide is necessary and essential 

in developing suitable operation plans and provide for financial responsibility.  USEPA requires 

financial responsibility for corrective action, injection will plugging, post-injection site care and 

site closure and emergency and remedial response.  These financial responsibility requirements 

dovetail with the operations plans and are designed to assure the leakage pathways are sealed and 

USDWs are protected.   

                                                 
80 NETL, 2010, Carbon Sequestration Atlas of the United States and Canada, third edition. Found at: 

http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlasIII/index.html 
81Wickstrom, L.H. et al., 2005, Characterization of Geologic Sequestration Opportunities in the MRCSP Region, Phase I Task 

Report Period of Performance: October 2003-September 2005, DOE/NETL DE-PS26-05NT42255  

http://www.netl.doe.gov/technologies/carbon_seq/refshelf/atlasIII/index.html
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It is also important to assess risks associated with transportation of captured CO2 across 

West Virginia to CO2 storage fields, either in state or in another state.  Since the early 1970ôs, 

carbon dioxide has been transported and injected into the subsurface for the purpose of enhanced 

oil recovery.  Although this network of CO2 pipeline and EOR fields is the most extensive such 

network in the world, it is small relative to the scale envisioned for CCS in the United States. 

There is a substantial and growing body of carbon dioxide risk assessment literature.  Analogous 

areas of experience such as natural gas transportation and storage, underground injection of 

wastes and EOR suggest that carbon dioxide can be safely transported and stored. It does not 

imply that accidents will not happen.  Should climate legislation be enacted requiring reduction 

on CO2 emissions, the scale of transportation and injection of captured CO2 will grow 

considerably, increasing exposure to risk.  Actual operations in carbon sequestration will 

establish the safety record for this particular industry. 

IV.B.2: Assess the economic and environmental feasibility of large, long-term 

carbon dioxide sequestration operations [§22-11A-6(h)(2)] 

 Sequestration of captured carbon dioxide is a long-term effort in locating and 

characterizing a suitable location, gaining the necessary permits, injecting the CO2, monitoring 

this injection to assure sequestration, monitoring post-injection to assure sequestration and then 

long-term stewardship to assure sequestration.  This whole process is illustrated in Figure IV.B.2 

and incorporates recent regulations published for Class VI injection wells to assure protection of 

USDWs and Subpart RR to assure the CO2 injected for sequestration remains in the reservoir.   

Sequestration of captured CO2 is the opposite of producing oil & gas.  Both involve a 

reservoir with porosity, the storage space, and permeability, the connection between pores.  Oil 

& gas production is a pressure depletion process removing the oil & gas from the pore space but 

CO2 sequestration will increase the pressure of the reservoir, pushing CO2 into available pore 

space.  It is this increase in pressure that is the challenge of carbon dioxide sequestration.  

Elevated reservoir pressure will move captured CO2 through the reservoir, displacing fluids 

already in place.  This elevated pressure and the displacement of in situ formation fluids are the 

primary concerns addressed by the UIC Class VI regulations.  USEPA set a default 50 year time 

period for post-injection site care because it believed that this was the necessary time needed for 

elevated formation pressures to return to original in situ reservoir pressures, establishing non-

endangerment.  The operator can, per regulations, request a shorter time period.
82

 

IV.B.2.a: Economic Feasibility of Saline Carbon Dioxide Sequestration 

 Saline storage provides the major opportunity in sequestering captured CO2.  The cost of 

sequestering captured CO2 is often expressed in dollars per metric ton or tonne.  In their 

economic analysis of Class VI regulations, USEPA estimated that sequestration will cost about 

$3.80 per tonne.
83

   Earlier modeling calculated sequestration costs between $0.05 and $8.00
84

 

                                                 
82

 Federal Requirements Under the Underground Injection Control (FR-UIC) Program for CO2 Geologic Sequestration (GS) 

Wells (40 CFR Parts 124, 144, 145, 146, and 147).  Federal Register, (75)237, December 10, 2010, p. 72248, 77230, 77234-35, 

77244-46.  Retrieved on February 8, 2011, from http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf. 
83 Ibid  
84   IPCC, 2005: IPCC Special Report on Carbon Dioxide Capture and Storage.  Prepared by Working Group III of the 

Intergovernmental Panel on Climate Change [Metz, B., O. Davidson, H.C. de Coninck, M. Loos, and L.A. Meyer (eds)]. 

Cambridge University Press, Cambridge, United Kingdom and New York, N.Y., USA, 442 pp. 
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while a more recent analysis estimated storage costs at $6.00 per tonne for a good reservoir and 

$13.00 per tonne for a poor reservoir.
85

    At the 10
th
 Annual CCS Conference in Pittsburgh, John 

Tombari of Schlumberger Carbon Services, during a presentation on storage costs, said that 100 

Mt of captured CO2 can be sequestered for between $5.00 and $10.00 per tonne.
86

  These values 

do not include financial responsibility or transportation and only represent about 5 to 10 percent 

of the total cost of carbon capture and storage (Table IV.B.1).  These costs appear reasonable yet 

they hide the challenge and risk involved in selecting, characterizing, operating and closing a 

sequestration operation. 

       Table IV.B.1: Carbon Capture and Sequestration cost components 

 
CCS 

Component 

Technology NETL
1
 

(2007) 

Global CCS Inst
2
 

(2011) 

IPCC
3
 

(2005) 

Capture: 

Power 

 

Subcritical-PC 68   

Supercritical-PC 68 62 - 81  

IGCC 32 - 42 67  

NGCC 83 107  

Oxy  47 - 59  

Capture: 

Industry 

Steel - Blast Furnace  54 18 

Steel ï direct induction   10 

Cement  54  

NG Plant  19 10 

Oil Refinery   55 

Ethanol   10 

Fertilizer  20  

Ethylene or Ammonia   10 

 

Transportation   1 - 2 1 - 8 

 

Storage   6 - 13 0.5 - 8 
All costs are $/tonne 
1 ï NETL, 2007, Cost and Performance Baseline for Fossil Energy Plants 

2 ï Global CCS Institute, 2011, Economic Assessment of Carbon Capture and Storage Technologies 

3 ï IPCC, 2005, Carbon Dioxide Capture and Storage  

 

 A considerable amount of work to establish CO2 injection operations has to be 

accomplished before actual injection and positive cash flow begins.  Initial regional geologic 

analysis may take up to a year and should yield a list of prospects from which a specific location 

is selected for actual site characterization and permitting.  During site characterization, five plans 

are prepared for submittal on application for a Class VI injection well permit: Area of Review 

(AoR) and corrective action, monitoring and testing, injection well plugging, post-injection site 

care (PISC) and site closure, and emergency and remedial response plans.  Assembling these 

plans will require analysis of seismic, well, core, geochemical and geomechanical data.  New 

wells will need to be drilled, cores taken from these wells, new 3-D seismic acquired, processed 

and interpreted.  All old wells within the Area of Review will have to be identified and evaluated 

as to whether or not they were properly plugged and abandoned.  If not then these wells will 

require remediation, the corrective action done during injection operations.  The right to inject 

captured CO2 into the reservoir pore space will have to be secured prior to application for a 

                                                 
85  Global CCS Institute, 2011, Economic Assessment of Carbon Capture and storage Technologies. 
86 Presentation at 10th Annual CCS Conference, May 2-5, 2011, Pittsburgh, Pa. 
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permit.  More than enough acreage will have to be secured to provide sufficient areal extent of 

the CO2 plume many decades in the future when injection operations cease.  Acreage acquisition 

will be an exercise in public relations, explaining the purpose of the storage field to the wider 

community under which the future CO2 plume will reside.  The whole exercise of site 

characterization will be a public relations, or outreach, effort. 

Looking at some basic site characterization costs, John Tombari of Schlumberger Carbon 

Services estimates a few years ago that it will cost $100,000 per square mile to acquire 3-D 

seismic and $3,000,000 to drill and log an evaluation well plus 30% of these costs for data 

processing, modeling and other services
87

.  He estimates that one well will evaluate 25 mi
2
.  It 

should be point out that seismic coverage has to extend beyond the boundaries of the CO2 plume, 

or potential reservoir, to provide good data imagining.  With 3-D seismic and one new well with 

modern data, characterizing a storage field bounded within 25 square mile area will cost a little 

over $7,000,000. These costs do not cover all of the details that need to be accounted for in 

preparation of the several plans required for application of a Class VI permit, for example 

spotting all plugged and abandoned wells, establishing geochemical baselines, providing 

financial responsibility, as well as presenting a storage field proposal before a regulatory body 

with the intent of gaining a permit.   

Two recent studies looked at storage costs.  The Global CCS Institute estimated storge 

site characterization cost to be $25 million on average with a range of $10 to $150 million.  Their 

study recommended assembling a list of six to eight prospects from which to select a site for 

characterization.  There is some probability that the first site selected will not meet expectations 

and will have to be abandoned for another site.  In their modeling they assumed a 

characterization cost of $60 million.  The higher cost estimate from the Global CCS Instituteôs 

study suggests a 17 percent success rate.
88

  Taking a global perspective, the International Energy 

Agency (IEA) looked at CCS storage costs with respect to meeting the goal of having 20 large 

scale CCS projects active by 2020.  Their cost estimates ranged from ú9 million to ú81 million 

with an average of ú30 million.  At the current exchange rate of $1.44 per Euro, these costs are 

$13 million to $117 million with an average of $43 million.
89

  The Global CCS Institute model 

assumed that it will take up to nine years before injection can begin.  The IEA model assumes a 

similar time frame at a minimum.  In Table IV.B.2, an estimate of between 3.5 and 6 years is 

needed for regional geologic evaluation, site selection and characterization and permitting.  If 

storage costs range from $5.00 to $10.00 per tonne as noted above from comments by John 

Tombari of Schlumberger, then sequestering 100 million tonnes of CO2 can cost between $500 

and $1,000 million dollars.  With site characterization costs through permitting of $60 million, 

then it is easy to see that the majority of expenses incurred by sequestration occur after injection 

begins, driven by MVA activity and tracking the CO2 plume. 

Early developers for CO2 storage sites will not have to worry about competitors and their 

success rate in selecting a successful location should be reasonable.  Exploration success in the 

                                                 
87 McCoy, S.T., 2008, The Economics of CO2 Transportation by Pipeline and Storage in Saline Aquifers and Oil Reservoirs.  

PhD dissertation, Carnegie Mellon University, January, 2008. 
88  Glogbal CCS Institute, 2009, Strategic Analysis of the Global Status of Carbon Capture and Storage, Report 2: Economic 

Assessment of carbon Capture and Storage Technologies.  Found at: 

http://www.globalccsinstitute.com/sites/default/files/Report%202-

Economic%20Assessment%20of%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf 
89 IEA, 2011, Global Storage Resource Analysis for Policymakers, IEA CCS Costs Workshop, Paris, March 22-23, 2011.  Found 

at: http://www.ieaghg.org/docs/General_Docs/IEAGHG_Presentations/Gap_Analysis_IEA_CCS_NW_Mar11_v2.pdf  

http://www.globalccsinstitute.com/sites/default/files/Report%202-Economic%20Assessment%20of%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf
http://www.globalccsinstitute.com/sites/default/files/Report%202-Economic%20Assessment%20of%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf
http://www.ieaghg.org/docs/General_Docs/IEAGHG_Presentations/Gap_Analysis_IEA_CCS_NW_Mar11_v2.pdf
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oil and gas industry use to be in the 10 percent range.  This improved to the mid-thirty percent 

range with the development of 3-D seismic.   

Completion of the five plans required for permit application (Table IV.B.2) will drive site 

characterization costs.  The size of the Area of Review is critical as this is related to the size of 

the CO2 plume.  The areal extent of the CO2 plume will indicate the amount of acreage needed to 

secure pore space rights, the extent of the MVA network, the extent of seismic needed, the 

number of old wells that will require remediation under corrective action, and the number of 

monitoring wells.  Permeability and the volume of CO2 to be injected daily will determine the 

number of injection wells so the required injection well plugging plan is relatively straight 

forward.  The overall MVA network and number of monitoring wells required will be explained 

in the monitoring and testing plan.  The post-injection site care and site closure plan will be 

based on the other plans and is required to be updated after the injection operations cease prior to 

post-injection site care.  The emergency and remedial response plan looks at the risk of leakage 

and the necessary response and is based on the geologic analysis done in preparation for the 

AoR.  This plan will be funded by the Financial Responsibility plan that the operator will have 

established prior to permit application.  Preparation of these plans is not a static exercise.   The 

AoR has to be updated at a minimum of every five years and any revisions will require project 

modification of the other plans, including financial responsibility.  There are also annual 

reporting requirements, specifically for mechanical integrity test (MIT) of the injection wells.   

Financial responsibility is an important aspect of the Class VI regulations and expense for 

overall operations and is broken into four parts: corrective action, injection well plugging, post-

injection site care and site closure, and emergency and remedial response.  Instruments that can 

satisfy this requirement include trust funds, surety bond, letter of credit, insurance, self-

insurance, escrow account and other instruments approved by the Director [40 CFR 146.85(1)].  

For self-insurance, the net worth of the operating company or owner must be greater than $100 

million.
90

  The Wyoming Carbon Sequestration Working Group estimates that $77 million would 

cover the financial responsibility in sequestering about 60 Mt of CO2 over a nine square mile 

area (Table IV.B.3).
91

  This estimate does not include corrective action, remediation of old well 

bores.  USEPA estimates that it will cost about $850 thousand to fulfill corrective action 

obligation on 29 deep, shallow and ground water wells in their base case saline scenario.
92

   

Rounding up to one million, then financial responsibility is valued at $78 million.  Depending on 

how this is paid for, annual premiums or payments to an escrow account or trust fund, financial 

responsibility can add as much as $1.30 per tonne to sequestration costs.  The majority of 

financial responsibility in Wyomingôs analysis was for emergency and remedial response.  

Which financial instruments are used to cover this portion of financial responsibility will have an 

impact on sequestration costs.   

 

                                                 
90  EPA, 2010, Underground Injection Control (UIC) Class VI Program, Financial Responsibility Guidance ï Draft. Office of 

Water (4606M, EPA 816-D-10-010, December 2010.  Found at: 

http://water.epa.gov/type/groundwater/uic/class6/upload/uicclass6financialresponsibilityguidancedec2010.pdf 
91 Report and Recommendations of The Carbon sequestration Working Group to the Joint Minerals, Business and 

Economic Development Committee and the Joint Judicial Committee of the Wyoming State Legislature, September, 

2009.  Found at: http://deq.state.wy.us/out/downloads/1%20FinalReport081909.pdf 
92  EPA, 2010, Cost Analysis for the Federal Requirements Under the Underground Injection Control Program for Carbon 

Dioxide Geologic Sequestration Wells (Final GS Rule), Office of Water (4606M, EPA 816-R10-013, November 2010.  Found at: 

http://water.epa.gov/type/groundwater/uic/class6/upload/uiccostanalysisforfederalrequirementsunderuicforco2nov2010.pdf 

http://water.epa.gov/type/groundwater/uic/class6/upload/uicclass6financialresponsibilityguidancedec2010.pdf
http://deq.state.wy.us/out/downloads/1%20FinalReport081909.pdf
http://water.epa.gov/type/groundwater/uic/class6/upload/uiccostanalysisforfederalrequirementsunderuicforco2nov2010.pdf
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Table IV.B.2:  Sequence of operational stages for a CO2 sequestration. 

 
 



 

53 

 

Corrective action may present a challenge for sequestration operations in West Virginia.  

Average well density
93

, by county, in West Virginia varies between less than one well per square 

mile to just over 29 wells per square mile.  In their economic modeling USEPA estimated that 10 

percent of older wells will need remediation and another 15 percent will not have inadequate 

cement bond log data, requiring closer examination.  With the higher well density there would be 

261 older wells to list in the AoR and as many as 65 wells requiring some level of attention to 

assure that they are not a leakage pathway.  Class VI regulations require that all wells within the 

AoR penetrating the injection or confining zones be listed [40 CFR 146.82(a)(4)].  This 

corrective action is required on all wells so determined [40 CFR 146.84(d)] and can be done in 

phases has the plume grows [40 CFR 146.84(b)(2)(iv)].  Corrective action with respect to the 

environmental aspect of saline sequestration is discussed in the Well Failure section of 

Environmental Feasibility of Saline Carbon Dioxide Sequestration. 

Table IV.B.3: Wyoming Carbon Sequestration Working Group estimate of Financial 

Responsibility compared to EPA Financial Responsibility categories.  

Million $ Type of Responsibility USEPA 

22 
Extensive relief well & water treatment mitigation 

 

Emergency 

& Remedial 

Response 

15 
Water Quality contamination during the fluid phase ïDrinking water 

replacement 

A single large release to the surface ïrelief well mitigation 

10 
Chronic low-level releases to surface ïrelief well mitigation 

Entrained contaminant releases ïpump back and treatment systems 

Storage rights infringement ïrelief well mitigation 

5 Modified surface topography ïstructural damages 

5 Accidents or unplanned events ïsurface clean-up 

55 Total 

   

2 
Well plugging and abandonment (for 3 well field, each injection well 

has 3 monitoring wells) 
Injection 

Well P&A 
2 Facilities/pipeline D&D/abandonment  

2 Surface disturbance reclamation 

6 Total 

   
9 Post-Injection Monitoring (15 yrs) 

PISC & Site 

Closure 

1 Post-Injection inspection and maintenance  

2 Contractor contingencies for site closure & reclamation (15%) 

1 Field Management 

1 Unknowns for site closure & reclamation (10%) 

16 Total 

   

- 
Corrective Action ïremediate old well bores Corrective 

Action 

   

77 Total for Financial Responsibility  

                                                 
93 Data found at West Virginia Geological & Economic Survey 
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What will contribute to the failure of a particular site?  Three things, lack of sufficient 

reservoir volume and/or injectivity and an inability to assemble sufficient acreage.  Does a CO2 

storage field operator find a suitable reservoir then secure a source prior to final site 

characterization or does a source look for suitable storage space?  Computer modeling will 

provide early assessment of reservoir potential but this model depends on data quality.  Wells 

drilled to explore the potential reservoir may show a thin reservoir or lack of porosity (storage) 

or permeability (injectivity).  Older 2-D seismic may indicate a reservoir of sufficient areal 

extent that new 3-D seismic does not confirm.  Low porosity provides low storage capacity.  

Low permeability means low injectivity and more injection wells.  Possible solutions in 

assembling acreage for a CO2 storage project are discussed further by the Legal Subcommittee. 

After development of CO2 storage fields are underway, regulators may determine that a new 

proposed storage field will encroach upon the AoR of an active field in the same geologic 

formation and deny the permit.   

Natural gas storage in aquifers provides examples on the challenges and potential failure 

of these types of reservoirs.  In 2008, there were 401 active natural gas storage fields: 34 salt 

caverns, 43 aquifer and 324 depleted oil & gas fields.
94

  Total amount of gas in storage, 5.9 TCF, 

represents about 120 million metric tons (assuming pure methane)
95

, slightly more than the 102 

million metric tons of annual CO2 emissions for West Virginia.  As the numbers suggest, aquifer 

natural gas storage is much less desirable than depleted oil & gas reservoir storage. Depleted oil 

& gas reservoirs are known traps.  Development of aquifer natural gas storage has a few 

drawbacks.   Its geological characteristics are not as thoroughly known, as with depleted 

reservoirs.  Some exploratory wells may need to be drilled to gather rock data (wireline logs and 

core samples), seismic data may be required to confirm the structural configuration of the trap 

and injectivity test may be necessary.
96,97

  It can take up to four years to develop an aquifer 

natural gas storage field, twice the time needed for a depleted reservoir,
98

 and a further ten or 

more years before the full extent of storage capacity is realized as the natural gas bubble is 

increased in area.   Development of aquifer storage is a more exploratory procedure than for 

depleted reservoirs which impacts the economics for these particular projects. 

Aquifer natural gas storage is a high pressure operation, exceeding hydrostatic but not 

fracture gradient pressures, required to displace formation waters and represents higher storage 

efficiency, approaching 100 percent, than what is expected for CO2 storage (Table IV.B.9).  This 

is necessary to create the bubble and provide for high delivery rates when the stored gas is 

produced and shipped to market.  The high pressure nature of natural gas storage is the main 

cause of leakage.
99

  Most of the leakage is through well failure although some natural gas may be 

lost at the margins of the bubble.  Some operations will drill collector wells to recover natural 

gas that has escaped the reservoir.
100

 

                                                 
94 EIA, Underground Natural Gas Storage Capacity: http://www.eia.doe.gov/dnav/ng/ng_stor_cap_dcu_nus_a.htm 
95 Lawrence Berkeley National Laboratory article on "Relevance of Underground Natural Gas Storage to Geologic Sequestration 

of Carbon Dioxide" by Marcelo J. Lippmann and Sally M. Benson. 
96 Ibid 
97 Storage of Natural Gas, found at: http://www.naturalgas.org/naturalgas/storage.asp  
98 Lawrence Berkeley Natural laboratory article on ñRelevance of Underground Natural Gas Storage to Geologic Sequestration of 

Carbon Dioxideò by Marcelo J. Lippmann and Sally M. Benson. 
99 Ibid 
100 Storage of Natural Gas, found at:  http://www.naturalgas.org/naturalgas/storage.asp 

http://www.eia.doe.gov/dnav/ng/ng_stor_cap_dcu_nus_a.htm
http://www.naturalgas.org/naturalgas/storage.asp
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Natural gas storage in aquifers typically is done at a site that appears to have appropriate 

structure and a trap to contain hydrocarbons.  However, since no hydrocarbons were initially 

discovered in the formation, the nature and quality of the trapping mechanism is not well 

established.  It raises questions about the containment and sealing capability of the apparent trap 

and the integrity and tightness of the caprock.  The Manlove Storage Field in Champaign 

County, Illinois initially injected natural gas into a St. Peter sandstone reservoir.  Natural gas was 

discovered in the overlying glacial drift shortly after injection began.  Natural gas was then 

injected into the deeper Galesville sandstone but leakage was also detected.  Drilling deeper, 

injection of natural gas was finally secured in the Mt. Simon sandstone because the overlying 

Eau Clair formation provided a suitable seal.
101

  

Under the Statutory and Executive Order Review section of the final rule for Class VI 

wells, USEPA determined, per the Regulatory Flexibility Act (RFA) that sequestration of CO2 is 

prohibitively expensive for small entities
102

.  A reasonable conclusion considering that for an 

operator or owner of a CO2 sequestration operation to utilized self insurance in compliance with 

financial responsibility must have a net worth greater and $100 million. 

IV.B.2.a.1: CO2-EOR (Enhanced Oil Recovery) 

 Carbon dioxide has been used to facilitate additional recovery of oil during tertiary 

recovery.  This enhanced oil recovery (EOR) method was developed in the Permian basin of 

West Texas and eastern New Mexico the early 1970ôs and has steadily grown since.  There are 

other EOR methods but the use of CO2 is the most common.  CO2-EOR production is now 

applied to fields in Wyoming, Colorado, Oklahoma, Michigan, Mississippi and Louisiana.  At 

the 8
th
 Annual EOR Carbon Management workshop in Houston, Texas, EOR was presented as 

the market mechanism to drive deployment of CCS technology.   

About half of the CO2 injected for EOR operations is trapped in the reservoir, essentially 

sequestered.  CO2 recovered by production is recycled, reinjected into the reservoir.  Presently, 

most of the CO2 used by EOR is from natural sources with the balance from anthropogenic 

sources.  In Table IV.B.1, natural gas plants as well as ethylene and ammonia plants have the 

lowest cost of capture.  

There is a considerable amount of oil in the United States that can be recovered by EOR.  

Advanced Resources International, in a study done for NETL
103

, estimated that, in the lower 48 

states, as much as 50 billion additional barrels of oil are considered economically recoverable 

(Figure IV.B.1).  Between 73 and 90 percent of these resources are west of the Mississippi River 

where 76 percent of the fields favorable for EOR are located.  Only about 4 percent of potential 

EOR resources are considered to be recoverable from the Illinois-Michigan-Appalachian Basins 

where 13 percent of the favorable reservoirs are located.  The opportunity for EOR in West 

Virginia needs to be examined.  The opportunity to export captured CO2 westward to the EOR 

market is non-existent at the moment due to lack of available pipeline connections.  The longest 

                                                 
101 Midwest Geological Sequestration Consortium, 2005, An assessment of Geological Carbon Sequestration Options in the 

Illinois Basin, Phase I Final Report.  Found at: http://sequestration.org/publish/phase1_final_rpt.pdf  
102 Federal Requirements Under the Underground Injection Control (FR-UIC) Program for CO2 Geologic Sequestration (GS) 

Wells (40 CFR Parts 124, 144, 145, 146, and 147). Federal Register, (75)237, December 10, 2010, p. 72248, 77230, 77234-35, 

77244-46, 77288. Retrieved on February 8, 2011, from http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf 
103  NETL, 2010, Storing CO2 and Producing Domestic Crude Oil with Next Generation CO2-EOR Technology: An Update.  

DOE/NETL-2010/1417 

http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf
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CO2 pipeline is the Cortez pipeline at about 500 miles.
104

   Denbury is conducting a feasibility 

study for construction of a CO2 pipeline from Illinois/Indiana south to Mississippi or 

Louisiana.
105

  The northern end of this pipeline may be within a reasonable distance of West 

Virginia sources.  When this opportunity will be available is another question, 

Figure IV.B.1: Distribution of potential EOR oil resource recovery. 

                                                 
104

 Report of the Interagency Task Force on Carbon Capture and Storage.  Found at: 

http://fossil.energy.cov/programs/sequestration/ccstf/CCSTaskForceReport2010.pdf. 
105

 http://www.denbury.com/index.php?id=53 
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IV.B.2.b: Environmental Feasibility of Saline Carbon Dioxide Sequestration   

IV.B .2.b.1: Occurrence of Carbon Dioxide Sequestration Reservoirs 

A reservoir in the subsurface is defined by the presence of porosity (storage space) and 

permeability (passage ways connecting pore space).  Oil & gas reservoirs are accumulations of 

hydrocarbons that are trapped, either by a structural feature, by a sealing fault, by a flexure in the 

sedimentary formation creating a closed high (for example an anticline), by a change in 

sedimentary environment, or by a sandstone depositional environment changes to a shale 

depositional environment.   A key component of this trap is the seal, a sharp change in 

permeability preventing further migration, but it does not necessarily prevent seepage.  

Hydrocarbons followed a porous and permeable pathway to the point where they were trapped.  

These reservoirs can occur in multiple locations within the same geologic horizon and they can 

occur in several geologic horizons.  In areas where large geologic structures are present 

hydrocarbon reservoirs can occur one above another in a stacked sequence. 

The distribution of multiple hydrocarbon reservoirs within one geologic formation and 

among multiple geologic formations is illustrative of the potential for CO2 sequestration (Figure 

IV.B.5).
106

  The eventual number of CO2 storage reservoirs in West Virginia will be considerably 

less although the actual number is difficult to predict at the moment.  The vast majority of 

hydrocarbon reservoirs in West Virginia occur above the Silurian section, in the Devonian 

section and higher, and only about 1 percent of the wells drilled in West Virginia penetrated the 

Silurian or deeper (see Table IV.B.4).   There is potential to sequester captured CO2 with the 

potential for multiple seals, either above or below the Devonian-Silurian boundary.   

The boundary of a hydrocarbon reservoir is defined by the trap even though we do not 

know where these boundaries are until the reservoir is discovered, production begins, and the 

field is developed by drilling more wells.  Upon production, the hydrocarbon is removed from 

the pore space and the reservoir pressure is reduced, but the boundary that defined the limits of 

the porosity and permeability for a producing reservoir do not change.   For sequestration of 

captured CO2 in a saline reservoir the extent of the reservoir, its porosity and permeability, are 

not known with any level of precision.  It has yet to be developed.  Defining the areal extent of a 

potential saline reservoir will require some exploration effort, well(s), and seismic providing data 

in support of computer modeling.  Once permitted and upon injection, the CO2 plume in the 

reservoir will expand and reservoir pressures will increase.    Periodic monitoring of the plumeôs 

boundary is required to assure it is migrating in an anticipated manner as the operator gains 

knowledge of the reservoir.   

 

                                                 
106 Data from West Virginia Geological & Economic Survey 
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Figure IV.B.2: Occurrence of hydrocarbon reservoirs in the West Virginia geologic 

section
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 Siting of multiple CO2 storage reservoirs will require regulatory oversight to avoid 

potential interference of one or more storage reservoirs in the same geologic formation.  

IV.B.2.c: Possible Failure of Sequestration 

IV.B.2.c.1: Mechanisms of failure 

Carbon dioxide could escape from the subsurface through a well casing failure, a well 

cement failure, a failure at the well head, a well blowout, improperly reworked (workover) wells, 

improperly abandoned or unmarked wells or a geologic path such as a fault or fractures or a 

combination.  A well failure appears to be one of the more likely causes of a release of CO2 from 

underground storage.  Pipeline failure presents another possibility of release of CO2 to the 

atmosphere.  CO2 pipelines will deliver the CO2 to the storage field and a field pipeline network 

will distribute the CO2 to the injection wells.   

Inadvertent release of captured CO2 can range from minimal and possibly undetectable to 

catastrophic.  The ability to detect leakage from a storage reservoir will depend on the level of 

resolution of the MVA technology, the thoroughness of the Testing and Monitoring plan 

developed for the Class VI permit application as well as the MRV plan required by Subpart RR 

and, most important, the vigilance of the operator.  Preventing catastrophic release from 

pipelines or wells will depend mostly on the quality of the trained personnel operating these 

facilities. 

IV.B.2.c.2: Well failure 

Well failure, either leakage behind casing or an actual blowout, is another avenue of 

release of CO2 to shallower geologic formations and possibly on to USDWs and eventually the 

atmosphere or directly to the atmosphere.  Class VI regulations provide design goals for CO2 

storage injection wells.  Surface casing is to be set below the lower most USDW and cemented 

back to surface.  Long-string casing set from surface through the injection zone is also to be 

cemented back to surface.  Materials used in these wells are to last for the life of the 

sequestration project.  Continuous monitoring of the annulus area between the injection tubing 

and the long-string casing is required as well as annual evaluations of mechanical integrity (MIT) 

by wireline logging or other testing method approved by the Director
107

.   

With continuous monitoring, a change in pressure in the well annulus will alert the 

operator to a potential leak requiring a closer examination of the well and possibly a well 

workover.  A workover is when a well is opened for repairs and for wells open to high pressure 

reservoirs this presents the possibility of a well blowout.  Carbon dioxide injection wells are high 

pressure wells.  Several blowouts have occurred during operations of West Texas EOR fields 

from production and injection wells.
108

  Release of CO2 from these blowouts is estimated to 

range from less than 1 mmcf (million cubic feet) per day to 10 mmcf per day (~53 to 530 metric 

tons per day).
109

 Cause of these blowouts range from corrosion, leaking gaskets, valves left open 
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or mechanical failure.  No injuries or fatalities occurred due to these well blowouts.   A carbon 

dioxide well blowout presents unique challenges.  These are high pressure wells and the sudden 

release of pressure is a high velocity phenomenon that quickly clears out the well.  The sharp 

drop in pressure and gas expansion results in adiabatic cooling.  The released CO2 quickly drops 

below its triple point providing for the formation of dry ice particles.
110

  All of these regulations 

go to the day-to-day operations of an injection well.  But care will be required when one of these 

well is shut-in and opened up for a workover or an MIT. With anticipated growth of the CO2 

injection business, proper training of CO2 storage field personnel as well as well workover and 

well drilling crews is critical for safe operations as well as preventing inadvertent release of CO2. 

Out in the open, it may be difficult for CO2 to build up to dangerous levels.  Monitoring 

of one of the West Texas well blowouts mentioned above recorded CO2 levels of approximately 

4750 ppm (0.475%) 200 feet away and these accumulations dissipated in about 30 minutes.
111

    

In Utah, the Crystal Geyser is a CO2 charged eruption of cold waters via an old wellbore.  The 

well was drilled in 1935 for oil exploration.   While this well represents an example of poor 

oversight of a well permit and improper plugging of an abandoned well, it is a tourist attraction 

and presents no apparent danger.
112

 

Another potential well failure scenario here is leakage through old wells that are 

improperly plugged and abandoned.  An essential aspect of Class VI regulations is corrective 

action, the second part of the Area of Review and corrective action plan required for application 

of a Class VI permit.  Corrective action is the remediation of old wells that present potential 

leakage pathways between the CO2 storage reservoir and the surface.  The remediation of these 

wells can occur as the CO2 plume grows; this cost can be spread out over time.  A potential 

danger here is that CO2 may migrate along these pathways and accumulate in confined space, for 

example the cellar of a near-by house or a structure in or near the storage field.  An example of a 

gas migrating over some distance is a leak from a Kansas natural gas storage field migrated via 

an old well bore through the vadose zone (shallow subsurface above the water table) into the 

cellars of buildings in a near-by town.
113

  With sufficient accumulation, the natural gas was 

ignited resulting in several fatalities and destruction of the building.  It should be noted that CO2 

is not combustible but it is an asphyxiant in sufficient concentration.  Important questions here 

for sequestration are how many old wells are in the AoR, what is their vintage and how deep 

were they drilled? 

The number of wells drilled in West Virginia total about 145,000 since the earliest 

recorded effort in the 1840ôs, although wells with good records total less than 100,000 wells
114

.  

For those wells with a record (Table IV.B.4), about 15 percent of these wells were drilled 

through the 1920ôs.  State permitting of wells in West Virginia was instituted in 1929.  Over 70 

percent of the known wells listed in Table IV.B.4 have been drilled since 1950.  Looking at the 

total possible well count of 145,000 wells, about 47 percent of all wells have been drilled since 

1950.  In their economic evaluation of the Class VI rules, USEPA estimated that at least 10 

percent of the old wells within an AoR will require corrective action and another 15 percent will 
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not have a cement bond log
115

.  In the Class VI regulations, it clearly states that corrective action 

is required for all wells determined to need corrective action
116

.  In its economic modeling, 

USEPA determined this includes all wells that pose a risk and/or lack high quality cementing 

information
117

.   

Wells required to be listed in the AoR are all that penetrate the confining zone(s) and 

operators are required to perform corrective action on all necessary wells within the AoR
118

.  

This suggests that if a storge reservoir is deep enough in the geologic section, a considerable 

number of wells may not need to be included in the AoR.  As noted earlier, about 1 percent of 

the wells drilled in West Virginia penetrated the Silurian or deeper horizons (Figure IV.B.2).     

     Table IV.B.4:  Number of wells drilled per decade, average depth 

     drilled and deepest well drilled (2010 decade not listed) 

Decade # Drilled Avg. Depth (ft) Deepest (ft) 

1860 5 643 1,100 

1870 2 1,480 1,480 

1880 25 1,572 2,228 

1890 1,018 2,273 3,537 

1900 3,270 2,448 4,327 

1910 7,104 2,360 7,579 

1920 6,136 2,254 6,824 

1930 4,959 2,542 9,104 

1940 8,178 2,841 10,018 

1950 8,324 2,752 13,331 

1960 11,472 2,754 17,111 

1970 11,284 3,198 20,222 

1980 16,314 4,122 16,075 

1990 8,427 4,196 11,203 

2000 12,972 4,267 13,040 
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Table IV.B.4 above lists some 99,000 wells with a known total depth drilled in West 

Virginia.  As noted earlier there are some 145,000 wells in West Virginia.   The difference 

between the total number of wells drilled and those posted in table IV.B.4 is about 46,000 wells 

whose locations and total depth are known.  They were most likely drilled before 1929 when 

drillers were not required to secure a permit prior to drilling.  The advantage here for the 

sequestration of captured CO2 is that the average depth drilled prior to 1930 was less than 2,500 

feet.   Sequestration of captured CO2 needs to be at depths greater than 2,500 feet for the CO2 to 

be in a supercritical phase that will maximize storage space.  This suggests that these 46,000 

wells not posted to Table IV.B.4 were drilled to depths less than 2,500 feet.  Whether or not they 

penetrated any seals requiring the storage operator to list them in their AoR and corrective action 

plan submitted in their Class VI permit application will depend on the geology of that specific 

area and proper interpretation of the regulations.   

IV.B.2.c.3: Faults, Fractures and Displacement 

Release of CO2 to the atmosphere by means other than via a well or pipeline failure is an 

important consideration.  An often cited incident is the loss of life associated with large release 

of CO2 from Lake Nyos in Cameroon, Africa.  In August of 1986, a large volume of CO2 that 

had accumulated at the bottom of the lake was released.  This cloud of CO2 moved downhill 

from the lake, suffocating about 1,700 people.  To the southeast, Lake Monoun had a smaller 

release resulting in 37 fatalities.
119

  Both lakes are in the volcanic region of Cameroon.  The CO2 

is from the magma beneath the lakes.  This situation is not characteristic of West Virginia or 

Appalachian Basin geology.  In West Virginia, the most likely scenario where CO2 may 

accumulate in sufficient concentration to cause asphyxiation would be in confined spaces such as 

basements. 

Other potential migratory pathways for CO2 are faults that cut to or near the surface 

and/or fracture patterns.  Faults can either be sealing or permeable.  They are known to provide 

the seal to oil & gas reservoirs as well as a migratory pathway to charging a reservoir.  Whether 

or not a fault acts as a seal depends on the fault gouge material and/or the juxtaposition of 

lithologies on each side of the fault.  A fault is also a fracture or series of fractures along which 

there is displacement.  Fractures represent a plane of failure along which there is no displacement 

and reflect the stresses applied to the formation.  The frequency and density of fractures reflects 

the degrees to which a formation is flexed, bent or curved.  All formations in the subsurface are 

fractured to some extent.  Fractures provide pore space and they also provide a migratory 

pathway, a type of permeability.  A combination of faults and fractures can provide a pathway 

between a reservoir at depth and the surface.  Oil seeps at the surface are a known, yet rare, 

feature that has led to discoveries.  Oil Creek, Pennsylvania, is the location of the Drake well 

discovery, the first successful oil and gas well drilled.  Class VI regulations will require 

identification of ñéknown or suspected faults and fractures that transect the confining 

zone(s)éò [40 CFR 146.82(a)(3)(ii)].   

Displacement of in situ formation fluids occurs when the injected CO2 occupies a portion 

of the pore space previously occupied by formation fluids.  Of concern here is that these 

displaced formation fluids will encounter a fault or leaky wellbore and migrate vertically into 
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shallower formations, encroach on economic mineral deposits in the same formation or migrate 

updip and eventually enter shallower groundwater horizons.  This displacement is driven by the 

injection pressures.  The primary purpose of the monitoring and testing plan for Class VI 

regulations and the MRV plan for Subpart RR regulations is to track the CO2 plume boundary 

and potential leakage pathways.   

IV.B.2.d: Groundwater contamination 

IV.B.2.d.1: Regulations Protecting Groundwater 

The protection of groundwater throughout a CCS project is vital to the water resources in 

West Virginia.  The current regulations that govern the protection of groundwater include: West 

Vi rginia Code, Chapter 22, Article 11 (Water Pollution Control Act) Section 8, Chapter 22 

Article 12 (Groundwater Protection Act), and Legislative Rules, Title 47, Series 13 

(Underground Injection Control) Sections 12 and 13.  The priority for all of these rules is the 

protection of groundwater. 

IV.B.2.d.2: Risks to Groundwater via CCS 

Risks to groundwater quality arise from the potential for CO2 to mobilize organic or 

inorganic compounds, acidification and contamination by trace compounds in the CO2 stream, 

intrusion of native saline groundwater into drinking water aquifers, and the potential for the CO2 

to displace subsurface fluids.  The probability of many of these risks occurring may be decreased 

by a thorough site characterization, sound injection well construction and sufficient monitoring. 

IV.B.2.e: Permit Requirements 

In addition to the rules and regulations which protect groundwater, there are other factors 

that CCS permits will utilize to protect groundwater.  Gathering geochemical data to establish a 

baseline for geologic horizons between the reservoir and shallower groundwater horizons is 

required
120

.  Also, a thorough characterization of the injection site and a geological investigation 

of the injection formations will aid in the identification of potential avenues for groundwater 

contamination.  This is the work that will be presented in the Area of Review and corrective 

action plan the Testing and Monitoring plan required for application for a Class VI permit.  The 

MRV plan required by Subpart RR requires identification of potential leakage pathways and a 

methodology for monitoring and detecting any leakage along these potential pathways.
121

   

Adequate confining zone formations are also necessary to limit the possibility of CO2 migration 

into the lower most drinking water aquifer. 

Each proposed CCS site should be considered on an individual basis.  For instance, the 

AEP Mountaineer Project has over a thousand feet of confining zone formations between the 

injection zone and the lower most aquifer.  At another site there may only be 500 feet of 

confining zone formations yet this thinner overall section of impermeable horizons can be 

equally capable of protecting shallower groundwater horizons.  Using the geological 
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investigation conducted during site characterization, a decision will  be made to determine if the 

formations acting as seals present in the geologic section are sufficient. 

IV.B.2.e.1: Groundwater Quality  

USDW is an aquifer that ñsupplies any public water system, or contains a sufficient 

quantity of ground water to supply a public water system and currently supplies drinking water 

for human consumption or contains fewer than 10,000 milligrams/liter of total dissolved solids 

(TDS)ò
122

   

 

Table IV.B.5: Classification of Water based on Total Dissolved Solids
123

 

 

Water Classification TDS milligram per liter 

Fresh 0 ï 1,000 

Brackish 1,000 ï 10,000 

Saline 10,000 ï 100,000 

Brine ü 100,000 

 

During site characterization, prior to any injection activities, the present USDW 

groundwater quality at the site must be determined.  A minimum of four quarters of monitoring 

should be completed before injection activities begin.  This will enable the storage facility 

operator to establish a groundwater quality baseline and compare this baseline to test results 

gathered to the monitoring and testing results gathered after injection has begun and throughout 

the operations and post-closure site care.  A change in the groundwater quality parameters may 

give an indication of leakage and contamination. 

IV.E.2.e.2: CO2 Injection Well Construction 

The primary goal of the Underground Injection Control program is the protection of 

USDW, i.e. groundwaters. As note earlier, the Class VI injection well rules provide design 

specifications to meet this goal.  Surface casing for Class VI wells is to be set deep enough to 

place the ground water horizons behind pipe.  Surface casing is to be cemented back to surface.  

Long casing set to total depth or through the injection zone is also to be cemented back to surface 

casing.  Injection of CO2 will be through tubing set inside the long casing string and tied to a 

packer set just above the injection zone.  The packer set point in the casing will have cement on 

the backside of the casing.  Through the ground water horizons, CO2 will be transported to the 

injection zone via tubing set inside the long casing string that is cemented back to surface and is 

itself set inside the surface casing that is also cemented back to surface casing.
124

  

The Class VI rule also requires that the area between the tubing and long-string casing, 

the annulus, to be filled with a non-corrosive fluid to protect the casing and tubing.  Pressure in 

this annulus area is to be monitored continually for any changes that can indicate a leak.  

Automatic shut-off valves are to be placed downhole as part of the tubing and at the surface as 
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part of the wellhead.  Injection pressures are to be limited at 90% of fracture gradient pressure
125

.  

Many states limit injection pressures for Class II wells to 80% of fracture gradient pressures. 

Regulations in West Virginia require surface casing for oil & gas wells to be set through 

the lowest ground water horizon or coal seam, whichever one is deeper. 

IV.B.2.f: Induced Seismicity 

There are three important pressure gradients in the subsurface: hydrostatic, fracture, and 

lithostatic.  Injection of captured CO2 for sequestration in saline reservoirs will require pressures 

in excess of hydrostatic pressure gradient but below those of the fracture pressure gradient.  To 

avoid damaging the storage reservoir or the overlying seal, injection pressures over a longer 

period of operations will be limited to 90 percent of the fracture pressure at the depth of injection 

(Figure 4B3).  Sequestration of captured CO2 will result in an increase of subsurface pressures in 

the storage reservoir.   

In depleted oil & gas reservoirs, the reservoir pressure will be less than the hydrostatic 

pressure.  Injectivity here may be better than in saline reservoirs due to a higher differential 

between in situ reservoir pressure and fracture gradient pressure.  Hydraulic fracturing of an oil 

& gas reservoir is a production stimulation technique that momentarily exceeds fracture gradient 

pressures.  It is used in tight natural gas reservoirs to improve well productivity and in oil 

reservoirs to get production pass near wellbore damage where clays and other fine particulate 

material is restricting permeability.  For situations of induced seismicity however, injection 

pressures are greater than fracture gradient pressure for either a sustained period of time or in an 

abnormal subsurface stress environment. 

The most widely known incident of induced seismicity occurred at the Rocky Mountain 

Arsenal near Denver, Colorado between 1962 and 1965.  An injection well was drilled to 12,054 

feet in the granitic basement rock of the Rocky Mountain front.   Formation pressure was 

measured at 4,133 psi.   Injection began at 4,403 barrels per day at 6,033 psi, 1,900 psi over 

hydrostatic pressure.  The fracture gradient illustrated in Figure IV.B.3 is about 0.62  psi per 

foot, providing a fracture pressure of about 7,473 psi at 12,054 feet.  The injection zone was 

granite and the only available porosity was fracture porosity; matrix or intergranular porosity 

was absent and the fracture pressure apparently lower than anticipated, if anticipated at all.  The 

first earthquakes occurred within weeks of injection.  USGS set up a monitoring system and 

recorded a total of 710 earthquakes.  Injection ceased in 1965.  Shortly thereafter final three 

earthquakes of magnitude 5.0 to 5.2 occurred.
126
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Figure IV.B.3: Subsurface pressure gradients
127

 

 

In Rangely Oil Field, in northwestern Colorado, water flooding of the reservoir for 

secondary recovery began in 1957.  This water flooding triggered earthquakes.  A study done by 

USGS showed that the epicenter of these earthquakes centered in the reservoir and that fluid 

pressures greater than 4,061 psi in the reservoir ñwould increase the number of earthquakes from 

one or two to thirty or forty per month.ò
128

   Subsequently, Stanford University conducted large 

scale water injections into a fault in Rangely Field that was considered to be near failure.  A 

magnitude 3.1 earthquake was created but the vast majority of induced seismic events were less 

than a 1 magnitude.  Rangely Field is now under active CO2 injection for tertiary recovery 

(EOR) without any apparent seismicity problems.
129

   

Geomechanical considerations in evaluating a potential CO2 storage reservoir include: 

 Avoid regional tectonic stress near breaking strength of rock 

 Avoid potential reservoir where fracture porosity is dominant 

 Avoid low permeability reservoirs 

 Avoid injection rates that can significantly increase pore pressure 

over a wide area. 

The first two geomechanical considerations listed above are self evident.  The next two 

are somewhat elusive and are tied to rates of injection.  Permeability essentially dictates 

injectivity.  High rates of injection require good permeability and/or a thick zone for injection, 

characteristics unique for each reservoir and injection well.  Low permeability means more 

injection wells to achieve the same rate of injection that fewer wells with better permeability can 

accomplish.  Avoiding increased reservoir pressure over a wide area relates to internal barriers 
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within the reservoir.  These barriers can be a change in porosity and/or permeability, faults, or 

resistance in the displacement of formation fluids, due in part to the first two items.  Maintaining 

a constant rate of injection at this point will increase pressure.  Lowering the rate of injection will 

allow a constant, yet lower, injection pressure.  As noted earlier, one way to relieve this situation 

is to produce the formation waters at some distance from the injection wells, lowering the 

reservoir pressure and allowing for higher rates of injection.  However, handling produced 

waters adds another level to operations. 

Earthquakes that have occurred in West Virginia since 1824 are listed in Table IV.B.6 

and illustrated in Figure IV.B.9.  The first earthquake recorded by instrument was in 1964; 

earlier earthquakes, and a couple since 1964, are based on historical records.  Earthquake 

magnitude ranges from a low 0.3 to a high of 4.7, the latter occurring in McDowell County in 

1976.     

Earthquake magnitude, based on the Richter scale,
130

 is logarithmic and is a measure of 

the energy released by an event.  The Modified Mercalli Intensity (MMI) scale
131

 and is a 

measure of the severity of the event and is expressed in Roman numerals. 

On the Richter scale, a 3.5 magnitude represent the value below which an earthquake is 

generally not felt but recorded.  Between 3.5 and 5.4, an earthquake is often felt but rarely causes 

damages.  Only 12 of the earthquakes recorded in West Virginia have been greater than 3.5, the 

earliest occurrence in 1824 based on historical record. 

On the MM scale, at a value of III, people inside a building may feel the earthquake but 

those outside most likely will not.  At a value of V, people inside and outside will realize an 

earthquake has occurred and minor damage will occur such as broken dishes and spilled fluids.  

The MM scale is only posted for 14 of the 81 earthquakes listed in Table IV.B.6 of which five 

have a MM value of V or more. 

USGS also records seismic events resulting from mining explosions.  Between 1997 and 

2000, 155 mining explosion events were recorded.  None of these events were greater than 3.5.  

Of the 155 recorded events, 108 were between 2.0 and 2.9 and 45 were between 3.0 and 3.5.
132

 

A seismic hazard map for the Central and Eastern United States (CEUS) is presented in 

Figure IV.B.5.  The seismic hazard illustrated here is a 2 percent probability of exceedance of 

peak ground acceleration in a 50 year period.  The map area is dominated by the New Madrid 

fault zone in southern Missouri where, between December 1811 and February 1812, four 

earthquakes between 7.0 and 7.5 magnitude occurred, and Charleston, South Carolina where in 

1886 a 7.3 magnitude earthquake occurred.  As pointed out above, the highest magnitude 

earthquake in West Virginia was 4.7 in McDowell County in 1976.  Contouring on the seismic 

hazard map indicates higher peak ground acceleration in the southern margin of West Virginia.  

The majority of earthquakes in West Virginia have occurred in this area (see Figure IV.B.4 and 

IV.B.5).  

The Nagaoka CO2 injection project in Japan injected 10,400 tons of CO2 into a saline 

aquifer at 1,100 meters between 2000 and 2005.  Monitoring was conducted between 2005 and 
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2007.  The Niigata earthquake of 6.6 magnitude struck in July 2007 and ñNo CO2 leakage has 

been observed.ò
133

 

     Figure IV.B.4: Earthquake Epicenters Map of West Virginia 
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Table IV.B.6: Earthquake data for West Virginia 

Num County Year Mag Record MMI    Num County Year Mag Record MMI  

1 Wood 1824 4.1 Hist IV    42 Summers 1983 0.4 Inst   

2 Jefferson 1846 2.7 Hist III    43 Monroe 1983 0.7 Inst   

3 Pendleton 1853 4.4 Hist V-VI    44 Monroe 1983 0.7 Inst   

4 Berkeley 1909 3.6 Hist V-VI    45 Summers 1983 0.3 Inst   

5 Mingo 1933 0.0 Hist     46 Mingo 1984 1.9 Inst   

6 Hardy 1935 3.3 Hist IV    47 Summers 1984 1.1 Inst   

7 Monongalia 1957 2.9 Hist III    48 Summers 1984 2.1 Inst   

8 Monongalia 1957 2.9 Hist III    49 Pocahontas 1984 1.6 Inst   

9 Morgan 1963 3.6 Hist     50 Mercer 1985 0.8 Inst   

10 McDowell 1964 4.5 Inst     51 Pendleton 1986 2.3 Inst   

11 McDowell 1965 3.5 Inst     52 Greenbrier 1986 1.2 Inst   

12 Harrison 1966 3.1 Inst IV    53 Logan 1989 1.9 Inst   

13 McDowell 1967 3.5 Inst     54 Greenbrier 1991 3.5 Inst   

14 Mercer 1969 4.6 Inst VI   55 Kanawha 1991 3.0 Inst   

15 Lincoln 1970 2.8 Inst IV    56 Mercer 1992 1.4 Inst   

16 McDowell 1971 3.0 Inst     57 Fayette 1992 2.3 Inst   

17 McDowell 1972 3.7 Inst     58 Summers 1992 1.2 Inst   

18 Monongalia 1972 2.9 Hist III    59 Nicholas 1994 2.1 Inst   

19 Wood 1974 3.8 Inst V   60 Nicholas 1994 1.7 Inst   

20 Morgan 1976 2.8 Inst     61 Raleigh 1995 2.6 Inst   

21 Monongalia 1976 3.1 Hist IV    62 Fayette 1995 2.5 Inst   

22 McDowell 1976 4.7 Inst V   63 Webster 1997 1.8 Inst   

23 Mercer 1976 2.7 Inst     64 Kanawha 1998 2.5 Inst   

24 Fayette 1978 1.6 Inst     65 Braxton 2000 2.5 Inst   

25 Pocahontas 1979 1.6 Inst     66 Summers 2001 3.1 Inst   

26 Pocahontas 1979 2.0 Inst     67 Mingo 2002 2.1 Inst   

27 Raleigh 1979 0.8 Inst     68 Greenbrier 2006 2.6 Inst   

28 Mercer 1980 0.7 Inst     69 Wyoming 2007 2.6 Inst   

29 Pocahontas 1980 1.4 Inst     70 Braxton 2010 3.4 Inst   

30 Pocahontas 1980 1.1 Inst     71 Braxton 2010 2.6 Inst   

31 Pocahontas 1980 3.0 Inst     72 Braxton 2010 2.7 Inst   

32 Pocahontas 1980 0.6 Inst     73 Braxton 2010 2.5 Inst   

33 Mingo 1981 2.5 Inst     74 Braxton 2010 2.6 Inst   

34 Fayette 1982 2.5 Inst     75 Braxton 2010 2.4 Inst   

35 Pocahontas 1983 0.4 Inst     76 Braxton 2010 2.4 Inst   

36 Monroe 1983 2.2 Inst     77 Braxton 2010 2.2 Inst   

37 Greenbrier 1983 1.2 Inst     78 Lewis 2010 2.5 Inst   

38 Greenbrier 1983 1.2 Inst     79 Upshur 2010 2.5 Inst   

39 Greenbrier 1983 0.4 Inst     80 Raleigh 2010 2.4 Inst   

40 Greenbrier 1983 1.6 Inst     81 Raleigh 2010 2.2 Inst   

41 Wyoming 1983 0.6 Inst     82 Lincoln 2010 2.4 Inst   
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Figure IV.B.5: USGS CEUS Seismic Hazard Map
134

 

 

 

 

 

 

 

 

 

 

                                                 
134  http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/ceus/ceus.2pc50.pga.jpg 

http://earthquake.usgs.gov/hazards/products/conterminous/2008/maps/ceus/ceus.2pc50.pga.jpg
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IV.B.2.g: Pipelines 

Table IV.B.7: Pipeline Incidents Statistics for the United States from 1994-2006 

Pipelines Natural Gas Hazardous Liquids CO2 

 Transmission Grid    

Number of Incidents 1,241 1,707 2,048 (1) 18 

Number of Fatalities 29 223 24 0 

Number of Injuries 112 765 101 (2) 0 

Property Damage $745 million $780.9 million $1,006 million $1.15 million 

2006 Mileage (3) 320,073 1,214,439 160,873 3,769 

Source: PHMSA Annual and HL Accident and Gas Incident Reports as of October 15, 2007. 

(1) The reporting criteria changed on February 7, 2002, adding small spills down to five gallons.  For continuity with past 

trending, the data from accidents used in our statistical summary occurring after this date includes only accidents meeting the 

reporting criteria: accidents with gross loss greater than or equal to 50 barrels; those involving any fatality or injury; 

fire/explosion not intentionally set; highly volatile liquid releases with gross loss of five or more barrels; or those involving total 

costs greater than or equal to $50,000. 

(2) Does not include 1,851 injuries that required medical treatment reported for the October 1994 accidents that were caused by 

severe flooding near Houston, Texas. 

(3) Transmission mileage includes transmission and gathering miles. Distribution miles include distribution main miles only. 

 

Through 2007, the total miles of CO2 pipelines was about 0.25 percent of the total natural 

gas pipeline miles, both transmission and grid pipelines (Table IV.B.7) .  Natural gas grid 

pipelines are the distribution segment of the system, found in areas of higher population density 

than transmission lines which are cross-country.  The higher number of injuries and fatalities for 

grid natural gas pipeline reflect their proximity to more urban areas.  Natural gas pipelines are 

designed to bring their product from the reservoir to the consumer.  The conceptual framework 

of a CO2 pipeline network is opposite that of the natural gas pipeline network.  Carbon dioxide 

pipelines will transport their product from a source that may or may not be in an urban area to a 

storage field located in areas of low population density.  The grid portion of the CO2 pipeline 

network will be in the storage field or among the storage fields.  The captured CO2 will be 

removed from the ómarketô area and returned to the field. 

To accomplish the task of significantly reducing CO2 emissions envisioned for CCS 

technology, the present CO2 pipeline network will be greatly expanded.   Simple modeling 

studies done to date suggest a pipeline network of between 6,000 and 36,000 miles transporting 

as much as 54 Gt of captured CO2.
135

  The actual CO2 pipeline network could be double the 

mileage estimate of these studies, even triple yet still be less that the overall network of that for 

hazardous liquids and still only a fraction of the natural gas pipeline network.  Unlike natural 

gas, CO2 is not flammable and does not represent an explosive risk, an important point that 

should reduce the level of risk associated with these pipelines.  Carbon dioxide will be 

transported under higher pressures than that for natural gas to maintain the supercritical or dense 

                                                 
135 Carbon Sequestration & Storage: Developing a Transportation Infrastructure. Prepared for the INGAA Foundation, Inc. byICF 

International. February 2009. Available at: http://www.ingaa.org/cms/31/7306/7626/8230.aspx. 

Also: Dooley, JJ, RT Dahowski, and CL Davidson. ñComparing Existing Pipeline Networks with the Potential Scale of Future 

U.S. CO2 Pipeline Networks.ò Presented at 9
th International Conference on Greenhouse Gas Control Technologies on November 

16-18, 2008, at the Omni Shoreham Hotel in Washington DC. Available at: http://www.sciencedirect.com/science/article/B984K-

4W0SFYG-7D/2/a0db295a18b4fe6099846c2ab2738bb0. 

http://www.ingaa.org/cms/31/7306/7626/8230.aspx
http://www.sciencedirect.com/science/article/B984K-4W0SFYG-7D/2/a0db295a18b4fe6099846c2ab2738bb0
http://www.sciencedirect.com/science/article/B984K-4W0SFYG-7D/2/a0db295a18b4fe6099846c2ab2738bb0
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phase state.  A common accident for pipelines is a puncture due to construction activity.  The 

sudden release of pressure due to puncture of a CO2 pipeline will be óexplosiveô in character but 

not flammable.  There is considerable potential of harm for those in the immediate area.  

However, the potential for injuries associated with a much longer CO2 pipeline network should 

not appreciably increase the possibility for incidents and an increase in fatalities even less.  This 

will depend on urban proximity to the greatly expanded CO2 pipeline network yet the non-

flammable nature of CO2 should keep the potential for fatalities lower than that for natural gas 

pipeline incidents. 

In testimony before the House Subcommittee on Energy and the Environment, Ian 

Duncan of the Texas Bureau of Economic Geology stated ñIt has been suggested in the literature 

that the incident rate CO2 pipelines can be estimated from that for natural gas pipelines. USDOT 

statistics recorded ten incidents of CO2 pipelines failures. The DOT data suggest that these 

incidents were caused by: relief valve failure (four incidents); weld, gasket, valve packing failure 

(three); corrosion (two); and outside force (one). Similar DOT statistics for a very large data set 

of natural gas pipelines in the US showed the reasons for failure as: outside force, including 

damage by contractors, farmers and utility workers (35%); corrosion (32%); other, such as 

vandalism, train derailment and improper operation of manual valves (17%); weld and pipe 

failures (13%); and operator error (3%). There is good reason to believe that the rate of incidents 

(rupture, puncture, etc.) for CO2 and natural gas pipelines should be the same if CO2 

sequestration is implemented on a large scale. It is important to note that even if the rates of 

incidents for CO2 and natural gas pipelines begin to look the same in the future; my judgment is 

that the risk will still be lower for CO2 pipelines (a conclusion that appears to be increasingly 

supported by governmental reports and academic studies). I also believe that the risk from 

rupture of CO2 pipelines is the largest risk facing a future CO2 sequestration industry. If this 

conclusion proves correct then this places strong bounds on the risks of geologic CO2 

sequestration. Ultimately the risk from pipelines depends on: siting of the pipelines (risks are site 

specific); operation of the pipelines to minimize possible corrosion (particularly the current 

industry focus on keeping the water levels in the CO2 below saturation); and implementation of 

effective risk management and mitigation plans.ò
136

  Note that in the testimony, there is only one 

incident of outside force rupturing a CO2 pipeline while this category accounts for 35 percent of 

natural gas pipeline failures.  Although it may be more rural relative to the natural gas pipeline 

network, expanding the CO2 pipeline network will expose it to more opportunities of outside 

force rupturing. 

The Department of Transportationôs Pipeline and Hazardous Materials Safety 

Administration (PHMSA) has had, since 1988, oversight authority of transportation of CO2 by 

pipeline.
137

   Carbon dioxide is non-combustible and non-toxic.  It is heavier than air.  When 

concentrated it can pool near the ground, displacing oxygen.  With time it dissipates, forming a 

cloud.  Because of these properties and the fact that CO2 is transported as a compressed gas 

and/or in high concentrations, it is classified as a hazardous material and subject to the 

Hazardous Material Transportation Laws and DOTôs implementing laws.   Pursuant to 

                                                 
136 Ian Duncan, 2009, Regarding The Future of Coal under Climate Legislation; Carbon Sequestration Risks, Opportunities, and 

Learning from the CO2-EOR Industry.  Testimony before the The U.S. House Committee on Energy and Commerce, 

Subcommittee on Energy and the Environment, March 10, 2009. 
137 Krista L. Edwards, Deputy Administrator, Pipeline and Hazardous Materials Safety 

Administration, Department of Transportation, testimony before the Committee on Energy and Natural Resources, United States 

Senate, January 31, 2007. 
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legislation establishing DOTôs oversight of CO2 pipeline, the Department extended its existing 

hazardous liquids pipeline rules to CO2 pipeline operations.
138

 

PHMSA works closely with certain state agencies to provide oversight of CO2 pipeline 

network.  Their ñintegrity management regulations, which currently apply to transmission 

pipelines (liquid and gas), require operators to conduct risk assessments of the condition of their 

pipelines; develop and implement risk control measures to remedy safety problems, worst first; 

and evaluate and report on program progress and effectiveness.  Under integrity management 

programs, operators are identifying and repairing pipeline defects before they grow to failure, 

producing steady declines in the numbers of serious incidents.ò
139

 

PHMSA ñoperates five regional pipeline safety offices and is authorized to employ 111 

inspection and enforcement professionals for fiscal year 2008. In addition to compliance 

monitoring and enforcement, PHMSAôs regional offices respond to and investigate pipeline 

incidents and participate in the development of pipeline safety rules and technical standards. Our 

regional offices also work closely with PHMSAôs State program partners, which employ 

approximately 400 pipeline inspectors and directly oversee the largest share of the U.S. pipeline 

network, including most intrastate pipelines. Under our Congressionally-authorized Community 

Assistance and Technical Services (CATS) program, PHMSAôs regional offices provide safety-

focused community outreach and education.  With the current wave of pipeline expansion, and 

increasing commercial and residential development around existing pipelines, the CATS 

program is serving a vital role in educating the public about pipeline safety and encouraging risk-

informed land use planning and safe excavation practices.ò
140

 

The WVDEP or another agency may want to coordinate CO2 pipeline oversight efforts 

with the Department of Transportationôs Pipeline and Hazardous Materials Safety 

Administration (PHMSA).  PHMSA already has oversight relationships with states where CO2 

pipelines are in operation. 

IV.B.3: Identify geologic sequestration monitoring sites to assess the short-term and 

long-term impact of carbon dioxide sequestration - §22-11A-6(h)(5) 

Injection of captured CO2 in a supercritical or dense phase is a high pressure operation 

that increases the pressure in the storage reservoir for some radial distance from the injection 

well.   It is essential to monitor two fundamental boundaries during and following injection of 

captured CO2: the plume boundary itself and pressure boundary associated with the plume.  

These two boundaries will be monitored during injection operations, post-injection site care and 

long-term stewardship time periods for each CO2 storage reservoir.   A basic goal is to know the 

location of the edge of the plume and associated pressure front and its impact on displaced 

formation fluids.  Surface and subsurface monitoring provides the necessary data needed to 

demonstrate that the CO2 plume is not migrating beyond the boundaries of its trap and presenting 

                                                 
138 Ibid 
139 Krista L. Edwards, Deputy Administrator, Pipeline and Hazardous Materials Safety 

Administration, Department of Transportation, testimony before the Committee on Energy and Natural Resources, United States 

Senate, January 31, 2007. 
140 Ibid 
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an endangerment
141

 situation, either to groundwaters (underground source of drinking waters 

(USDW)), the atmosphere, ecosystems and to human health. 

A Testing and Monitoring plan (aka MVA program) designed to track the plume and 

pressure boundaries is one of five plans required to be submitted for application of a Class VI 

injection permit
142

.  A Class VI permit entails compliance with Subpart RR and development of a 

Monitoring, Reporting and Verification (MRV) plan .
143

 

IV.B.3.a: Monitoring, Verifi cation and Accounting (MVA) 

A basis for a MVA program will be established prior to site characterization because 

baseline measurements, a key component for a successful MVA programs, will be collected 

during site characterization.  A MVA program will be unique to each CO2 storage reservoir and 

will reflect the geologic characteristics present in the subsurface.  The details of any particular 

MVA program, the selection of technology and location of monitoring sites is the decision of the 

operator with the approval of the regulatory oversight board. 

Monitoring of the injected CO2 will be done in the subsurface and at the surface.  The 

most obvious location for monitoring is in well bores. Well bores are data points providing direct 

measurement of the storage reservoir, the seal or cap rock and overlying stratigraphic horizons 

including groundwater aquifers.  Aside from injection wells, monitoring wells located at some 

distance from injection wells can provide observation points to monitor storage reservoir 

pressure as well as formation water/CO2 plume chemistry.  Monitoring wells in proximity to the 

underlying CO2 plume, reaching a total depth (TD) above the reservoir seal, are also important 

points of observation and measurement.  These monitoring wells may also serve a dual purpose 

in monitoring groundwaters overlying the CO2 plume.  Surface measurements will be conducted 

at surface facility locations including delivery point of captured CO2, point of separation to 

storage field pipeline system, injection wells, and monitoring wells and within the Area of 

Review (AoR).  Class VI regulations require monitoring wells to test groundwaters and 

formations waters above the confining zone as well as direct and indirect measurements from the 

CO2 reservoir
144

.  Direct measurements are from wells drilled into the storage reservoir and 

indirect measurements are geophysical techniques.  The Director may also require near surface 

and/or surface monitoring under Class VI rules but this will be required under Subpart RR
145

.  

A wide range of technology is available to monitor, verify and account for the character 

and lateral extent of a CO2 plume in the subsurface (Table IV.B.8).  Application of this 

                                                 
141 As proposed, an operator can be released from obligations under a Class VI injection permit when non-endangerment can be 

demonstrated. Federal Requirements Under the Underground Injection Control (FR-UIC) Program for CO2 Geologic 

Sequestration (GS) Wells (40 CFR Parts 124, 144, 145, 146, and 147). Federal Register, (75)237, December 10, 2010, p. 72248, 

77230, 77234-35, 77244-46, 77288. Retrieved on February 8, 2011, from http://www.gpo.gov/fdsys/pkg/FR-2010-12-

10/pdf/2010-29954.pdf 
142 Ibid 
143 Environmental Protection Agency (EPA-MMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic 

Sequestration of Carbon Dioxide, 40 CFR Parts 72, 78, and 98. Federal Register, (75)230, p. 75062-64, 75086, 75088, 77235. 

Retrieved on February 8, 2011, from http://edocket.access.gpo.gov/2010/pdf/2010-29934.pdf 
144 Federal Requirements Under the Underground Injection Control (FR-UIC) Program for CO2 Geologic Sequestration (GS) 

Wells (40 CFR Parts 124, 144, 145, 146, and 147). Federal Register, (75)237, December 10, 2010, p. 72248, 77230, 77234-35, 

77244-46, 77288. Retrieved on February 8, 2011, from http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf 
145 Environmental Protection Agency (EPA-MMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic 

Sequestration of Carbon Dioxide, 40 CFR Parts 72, 78, and 98. Federal Register, (75)230, p. 75062-64, 75086, 75088, 77235. 

Retrieved on February 8, 2011, from http://edocket.access.gpo.gov/2010/pdf/2010-29934.pdf 

http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf
http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf
http://edocket.access.gpo.gov/2010/pdf/2010-29934.pdf
http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf
http://edocket.access.gpo.gov/2010/pdf/2010-29934.pdf
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technology begins during site characterization when baseline measurements are established.  

This information is critical in providing recognition and assessment of data variances from 

baseline measurements.
146

 

Technologies are available for all aspects of captured CO2 injection operations.  

Geophysical methods at the surface which includes 2-D and 3-D seismic that if repeated over 

consistent time intervals can provide 4-D seismic coverage over a broad geographic coverage of 

subsurface stratigraphy.   In the wellbore, geophysical or wireline logging tools can provide 

subsurface measurements of formation fluids and the rock material that can be tied to and 

calibrate the surface seismic data.   Wireline logs are run after a well is drilled before casing is 

set (i.e. openhole well logs) and also after casing is set.  Cased-hole logging is done to verify 

quality of the cement job binding the casing to the surrounding rock and to detect leaks or 

potential paths of migration behind casing.  Vertical seismic profiles (VSP) or cross-well seismic 

is data gathered from wellbores that can be tied to surface seismic data.  Cores or sidewall cores 

are taken when wells are drilled and provide direct measurement of the porosity and permeability 

of the storage reservoir, cap rock or seal and other formations sampled. 

                                                 
146 EPA, 2008, Vulnerability Evaluation Framework for Geologic Sequestration of Carbon Dioxide.  Technical Support 

Document.  EPA430-R-08-009 
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Table IV.B.8:  Technologies for MVA. 
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Class VI injection well rules will require continuous monitoring of injection pressures, 

rate and injected volumes of the injection well
147

.  This provides for continuous mechanical 

integrity testing (MIT) however an annual examination of the mechanical integrity of the 

injection well by a wireline logging technique is also required although the Director may require 

other techniques at certain intervals
148

.  Subsurface pressures can also be acquired from non-

injection wells with downhole pressure sensors. 

Near surface soil gas monitoring and/or surface air monitoring can be included in the 

Monitoring and Testing plan submitted for a Class VI permit.  It may also be included per 

agreement between the Director and the applicant for approval of the Class VI permit
149

.  Once 

issued a Class VI permit, per Subpart RR regulations, the operator is required to submit a 

Monitoring, Reporting and Verification (MRV) plan within 180 days (see Table IV.B.1) which 

will require monitoring of potential surface leakage.  The Testing and Monitoring plan can be the 

basis for development of the MRV plan
150

.  Surface monitoring will include leak detection from 

surface equipment used for injection, soil gas analyses and ambient monitoring of the near 

surface atmosphere.   

IV.B.3.b: Legislative and Regulatory Activity  

Several states have passed legislation regarding carbon capture and sequestration.  With 

respect to monitoring, each piece of legislation only provides general direction to the appropriate 

regulatory body to develop more specific requirements for monitoring and verification.  Location 

of specific monitoring sites will depend upon the question to be answered and the technology 

selected. Regulations will provide the questions and the site operator will select the technology 

with the understanding that they, the operator, are responsible for providing a suitable and 

acceptable answer.  It must be recognized by all involved that available technology for recording 

geologic information at depth has some limitations regarding degrees of accuracy and/or level of 

resolution. 

Washington and North Dakota have developed specific CO2 sequestration regulations in 

response to legislation.  Washingtonôs legislation only required that the governor ñdevelop policy 

recommendations on how the state can achieve the greenhouse gasses emissions reductions goals 

established under section 3 ofò of the bill
151

. The Department of Ecology, with the help of a 

working group, established rules for CO2 injection projects
152

.  These rules require that a Permit 

Application include, among other items, information regarding ñLocation of all pertinent surface 

facilities, including atmospheric monitoring within the boundary of the projectò, a ñleak 

detection and monitoring plan using subsurface measurements to monitor movement of the CO2 

plume both within and to detect migration outside of the permitted geologic containment 

                                                 
147Federal Requirements Under the Underground Injection Control (FR-UIC) Program for CO2 Geologic Sequestration (GS) 

Wells (40 CFR Parts 124, 144, 145, 146, and 147). Federal Register, (75)237, December 10, 2010, p. 72248, 77230, 77234-35, 

77244-46, 77288. Retrieved on February 8, 2011, from http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf 
148 Ibid 
149 Ibid 
150 Environmental Protection Agency (EPA-MMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic 

Sequestration of Carbon Dioxide, 40 CFR Parts 72, 78, and 98. Federal Register, (75)230, p. 75062-64, 75086, 75088, 77235. 

Retrieved on February 8, 2011, from http://edocket.access.gpo.gov/2010/pdf/2010-29934.pdf 
151 Engrossed Substitute Senate Bill 6001. Found at: : http://apps.leg.wa.gov/documents/billdocs/2007-

08/Pdf/Bills/Session%20Law%202007/6001-S.SL.pdf.   Retrieved: February 23, 2010 
152 Norman, D.K. and J. Stormon, 2007, White Paper: Feasibility of Using Geologic Formations to Sequester Carbon Dioxide 

(CO2), Department of Ecology. Found at: http://www.ecy.wa.gov/climatechange/docs/co2sequestrationfinal_082807.pdf.  

Retrieved February 23, 2010. 

http://www.gpo.gov/fdsys/pkg/FR-2010-12-10/pdf/2010-29954.pdf
http://edocket.access.gpo.gov/2010/pdf/2010-29934.pdf
http://apps.leg.wa.gov/documents/billdocs/2007-08/Pdf/Bills/Session%20Law%202007/6001-S.SL.pdf.
http://apps.leg.wa.gov/documents/billdocs/2007-08/Pdf/Bills/Session%20Law%202007/6001-S.SL.pdf.
http://www.ecy.wa.gov/climatechange/docs/co2sequestrationfinal_082807.pdf
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system.ò (WAC 173-218-115)
153
.  This leak detection and monitoring plan includes ñmonitoring 

of pressure responses and other appropriate information immediately above caprock of the 

geologic containment system.ò  One of the terms and conditions attached to a permit is that ñThe 

monitoring program shall include observations in the monitoring zone(s) that can identify 

migration to aquifers as close stratigraphically to the geologic containment system as 

practicable.ò(WAC 173-218-115).  Specific items to monitor as specified in the regulations are: 

 

 Characterization of injected fluids 

 Continuous recording of injection pressure, flow rate and volume 

 Continuous recording of pressure on annulus between tubing and 

long string casing 

 Monitoring zone leak detection  

 Sufficient monitoring to confirm the spatial distribution of the CO2 

in the subsurface 

Each specific item listed above to be monitored suggests a monitoring location but the 

regulations avoid suggesting or mentioning specific locations.  Washingtonôs regulations are 

comprehensive but not prescriptive; they provide the potential operation a good sense of what is 

expected for safe operations of a captured CO2 storage field and what questions need to be 

answered.   It will be up to the operator to select suitable technology that will record the 

necessary information with which to answer the questions. 

North Dakota legislation (Senate Bill No. 2095) requires the industrial commission to 

determine before a permit is issued ñthat the storage operator will establish monitoring facilities 

and protocols . . . .ò  The commission is also required to ñtake action that carbon dioxide does 

not escape from a storage facility.ò  This was accomplished when regulations became effective 

in April 2010
154

.  Essentially, the North Dakota regulations follow those developed by 

Washington and later published by the EPA in the Federal Register in December 2010.  

Although not proscriptive in the technology selected and applied, the goal to assure that the CO2 

injected remains in the reservoir is apparent in the regulations.  It will be the responsibility of the 

operator to comply and fulfill the expectations of these regulations. 

Montana legislation (Senate Bill No. 498)
155

 specifies that captured CO2 injection permits 

include requirements for applicable pressure and fluid chemistry data as well as monitoring and 

verification.   One specific request is an ñadequate baseline monitoring of drinking water wells 

within 1 mile of the perimeter of the geologic storage reservoir.ò   One mile from the perimeter 

of the geologic storage reservoir could be quite a distance from the CO2 plume on initial 

injection.    

Louisiana legislation (House Bill No. 661) provides the commissioner of conservation the 

duties and powers to promulgate rules and regulations requiring ñinterested person to place 

monitoring equipment of a type approved by the commissioner . . . ,ò and that monitoring will be 

regulated by rules developed by the commissioner.
156

  

                                                 
153 Washington UIC Program, Dept. of Ecology, Found at: http://www.ecy.wa.gov/biblio/wac173218.html 
154  ND Geologic Storage of Carbon Dioxide: https.//www.dmr.nd.gov/oilgas.rules/rulebook.pdf 
155 Montana, 61st Legislature, Senate Bill No 498, found at: http://data.opi.mt.gov/bills/2009/billpdf/SB0498.pdf 
156 Louisiana, Regular Session, 2009, House Bill No. 661, found at: http://www.louisianalawblog.com/uploads/file/HB-

661(1).pdf 

http://www.ecy.wa.gov/biblio/wac173218.html
http://data.opi.mt.gov/bills/2009/billpdf/SB0498.pdf
http://www.louisianalawblog.com/uploads/file/HB-661(1).pdf
http://www.louisianalawblog.com/uploads/file/HB-661(1).pdf
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Each of the legislatures from Washington, Montana, North Dakota and Louisiana 

provided direction to their respective executive departments charged with captured CO2 

sequestration regarding overall monitoring goals.  The specifics are left to the regulator to 

develop as Washingtonôs Department of Ecology did for that state.   Washingtonôs regulations 

lists monitoring goals regarding tracking the CO2 plume and detection for leakage yet deferred to 

the prospective operator the selection of specific monitoring technology with which to fulfill 

regulatory requirements.  

At the Federal level, USEPA published the UIC Class VI regulations in the Federal 

register in December 2010.  At the same time they also published Subpart RR, an update to their 

mandatory greenhouse gas reporting rule that will cover CO2 sequestration operations.  Both 

provide direction on the location for monitoring the CO2 storage operations.  Under Class VI 

rules monitoring wells will be required to provide ñperiodic monitoring of groundwater quality 

and geochemical changes above the confining zoneò as well as ñdirect methods in the injection 

zoneò
157

.   Class VI rules also require indirect monitoring, geophysical techniques, of the CO2 

plume.  The injection well is also a critical monitoring location under Class VI rules.  As noted 

above, near surface and surface monitoring can be included in the Monitoring and Testing plan 

for Class VI permit application but it will be required to be addressed in the Monitoring, 

Reporting and Verification (MRV) plan under Subpart RR.  Both Class VI and Subpart RR 

regulations specify that the CO2 plume, groundwaters and the area above the confining zone, 

near surface and surface areas will be monitored by monitoring wells, indirect geophysical 

methods, soil sampling and surface air monitoring.  The actual location of these wells and 

sampling sites and selection of the technologies used are left to the operation. 

IV.B.4: Assess the feasibility of carbon dioxide sequestration in West Virginia and 

the characteristics of areas within the state where carbon dioxide could be 

sequestered- §22-11A-6(h)(6) 

IV.B.4.a: The kinds of geological formations which might work . 

Feasibility for carbon dioxide sequestration in West Virginia is a reflection of the 

geology of West Virginia.  West Virginia is, essentially, located entirely within the extents of the 

Appalachian Basin.  This is a foreland basin
158

 oriented along a general northeast-southwest axis, 

extending from north central Tennessee to central New York. Structurally, the strata within the 

basin become deeper to the southeast where it is bounded by the Allegheny Structural Front 
159

(Figure IV.B.7).  Within West Virginia, this general trend is broken into two northeast-

southwest trending structural features, the Rome Trough and the Upland Horst (Figure IV.B.6).  

In Figure IV.B.6, the Rome Trough is illustrated by the tight, northeast-southwest trending, 

structure contours while the Upland Horst is illustrated by the southeast-northwest trending 

structure contours. The Allegheny Structural Front (labeled in Figure IV.B.7) is the southeast 

boundary of the Upland Horst.  In southern West Virginia the Rome Trough is structurally 

                                                 
157 Environmental Protection Agency (EPA-MMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic 
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deeper to the Upland Horst but both features merge to a common depth in northeastern West 

Virginia.  The sedimentary section ranges from 8,000 feet to more than 20,000 feet in the Rome 

Trough and in the northeastern corner of the state. 

Clastics, carbonates, and coal seams comprise the stratigraphic section found in West 

Virginia (Figure IV.B.2).   The two dominant carbonate sedimentary rocks are limestones and 

dolomites.  Sandstones and shales are clastic rocks.  Sandstones and carbonates are the dominant 

reservoir rocks for oil and gas with shale commonly providing the seal.  Sometimes a tight (very 

low to essentially no permeability) carbonate rock will act as the seal trapping oil and gas within 

a reservoir.  Long known as a source rock as well as an excellent cap rock for hydrocarbon 

reservoirs, organic rich shales have been recognized, as early as the 1970s, as a reservoir from 

which natural gas can be produced.  A trap rock or seal represents a sharp reduction in 

permeability blocking further migration of fluids or gas. 

All four of these sedimentary rock types can provide suitable conditions for sequestration 

of captured carbon dioxide.  Sandstones, carbonates and unmineable coal seams are recognized 

as potential reservoir rocks while shale or a tight carbonate can provide the seal, or confining 

barrier.  MRCSP provided an estimate of storage potential for shales in their Phase I report.
160

  In 

their Sequestration Atlas, NETL did not provide an estimate of storage potential for shales.
161

  

The ability of shale to act as a sequestration reservoir is still under study. 

The Midwest Regional Carbon Sequestration Partnership (MRCSP), one of the seven 

regional partnerships created by DOE/NETL, encompasses West Virginia and most of the states 

overlying the Appalachian Basin.  The MRCSP conducted an evaluation of sequestration 

potential within the area of the partnership during Phase I of their project period. 

The stratigraphic section present under West Virginia is illustrated in Figure IV.B.2. 

Formations with sequestration potential are illustrated in blue and formations that can provide a 

seal or act as a confining unit are illustrated in lime green. 

Sequestration potential is present in the (also see Figure IV.B.2): 

 Upper Devonian Sandstones 

 Lower Devonian Oriskany Sandstone 

 Lower Silurian Sandstones 

 Ordovician St. Peter Sandstone 

 Cambrian Rose Run Sandstone & Copper Ridge Dolomite 

 Basal Rome Trough Sandstone 

Confining units are present above each formation with sequestration potential presenting 

multiple barriers to migration.  At the top of the stratigraphic section are the Pennsylvanian 

coals. 

It should be pointed out that West Virginia has a naturally occurring CO2 reservoir. 

Indian Creek field is located in Kanawha County, West Virginia.  The reservoir is the Lower 

Silurian Tuscarora Sandstone.   As is the case with all the Tuscarora fields, it is located on an 

anticline (the northeast plunging nose of the Warfield anticline).  Porosity is developed in the 
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fractures associated with the structure.  The Warfield anticline is asymmetric and water is 

reported downdip to the southeast of the productive wells.  Apparently porosity pinches out 

downdip to the northwest and also off the northeast plunging nose of the anticline. 

More than 30 wells were drilled in the field between 1973 and 1987.  Food grade carbon 

dioxide along with methane are produced; the gas is reported to be more than 60% carbon 

dioxide.
162,163,164

   Approximately 20 bcfg (billion cubic feet of gas) has been reported as 

produced from 1981 through 1992.
165

 

IV.B.4.b: The extent and location of potentially feasible formations 

The occurrence of oil & gas production in West Virginia illustrates the general extent of 

potentially feasible geologic formations for sequestration (Figure IV.B.7).  Oil and gas fields are 

primarily found northwest of the Allegheny Structural Front to the Ohio River (Figure IV.B.7) 

and this will be the general area within which saline storage potential will be found. 

It should be noted here that the Appalachian Power Company Mountaineer Plant along 

the Ohio River in New Haven (Mason County), West Virginia recently began injection of 

captured CO2 into the Rose Run sandstone and Copper Ridge dolomite.   A seal is provided by 

the Beekmantown dolomite which immediately overlies the Rose Run
166

. 

IV.B.4.c: Ability to assess specific CO2 storage project feasibility 

The purpose for any CO2 storage field is to sequester the CO2 captured from the source(s) 

with whom they have a contract.  The operator of a storage field believes they have a certain 

amount of storage volume that will accommodate injection over a period of time.  The source(s) 

hopes the storage field will be in operation over the life of their plant.  Why does the storage 

field operator believe that they have sufficient storage capacity?   Why was that location 

selected?  Where was the necessary information found? 

The ability to assess any specific project location and potential depends on the quality of 

the initial data available or that can be acquired.  NATCARB data published in the Carbon 

Sequestration Atlas of the United States and Canada suggest a range of storage potential for the 

various states.  These values represent a storage resource that needs to be proven.  When an 

exploration well discovers oil and/or gas and establishes production, a portion of the oil and gas 

resource has been proven.  Carbon sequestration reverses the process in a sense.  Here, the 

resource is potential storage capacity (i.e. pore space or porosity) representing the ability to inject 

captured carbon dioxide over a period of time.  This potential needs to be proven, a process that 

begins with regional evaluation of geologic potential that leads towards selection of a specific 

site for further characterization.  But why select any particular site for CO2 storage operations? 
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Figure IV.B.6: Structure contours on top of crystalline basement rock 

 

 
 

 

 

 

 

 

 




