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Summary of Terminology, Abbreviations, and Acronyms

ACES American Clean Energy and Security Act
ALJ Administrative Law Judge

AoR Area of Review

ARRA American Recovery and Reinvestment Act
BACT Best Available Control Techthagy

CAA Clean Air Act

CCS Carbon Capture and Sequestration

CO, Carbon Dioxide

DOE U.S. Department of Energy

EOR Enhanced Oil Recovery

GHG Greenhouse Gas

GS Geological Sequestration

GW Gigawatt

IEA International Energy Agency

IGCC Integated Gasification Combined Cycle
IOGCC Interstate Oil & Gas Compact Commission
kWh Kilowatt Hour

MGA Midwest Governors Association

MIT Massachusetts Institute of Technology

MRCSP Midwest Regional Carbon SequestrationtRanship
MRV Monitoring, Reporting, and Verification

MVA Monitoring, Verification, and Accounting



Mt Million metrictonnes i(e. one billion kilogram¥

MWh Megawatt Hour

NEPA National Environmental Policy Act

NETL National Energy Technology Laboratory

NOy Nitrogen Oxdes

NSPS New Source Performance Standards

PEA Public Energy Authority

PISC Postinjection Site Care

PSC Public Service Commission

PSD Prevention of Significant Deterioration

RCRA Resource Conservation & Recovery Act

SDWA Safe Drinking Water At

SO, Sulfur Dioxide

TWh Terawatt Hour

U.S. United States

uiC Underground Injection Control

USEPA United States Environmental Protection Agency
USsDW Underground Source of Drinking Water
WVDEP West Virginia Department of Environmental Protegtio

WVGES West Virginia Geological and Economic Survey
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The Act requires the appointment of certain members to the Working Group by the
Secretary of th&Ve st Vi r gi ni a Depart ment WUWDEPO fand/ther o n me n
stak 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 sequestratiomaedated technologies:
Grant Bromhal National Energy Technology Laboratory
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Ken Nemeth Southern States Energy Board
Richard Winschel Consol Energy, Inc.

Expert in environmental science:
Stephanie R. Timmermey&sq.- 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, Esg.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 citizends group advoca
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 Carterand Greg Wooten named as his alternate

Representative of the Coal Association:
Jim Laurita- MEPCO

Representative of West Virginia Land and Miédaners 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 Legislatuiie 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 Diox&Eguestration
Working Group ands theChairof its Feasibility Subcomnte.



l. EXECUTIVE SUMMARY

I.LA.  BACKGROUND

During the 2009 Regular Session, the West Virginia Legislature pasBe@360 which
was added to the West Virginia Code as Carbon Dioxide Sequestration, Article 11A of Chapter

22. The Legislature listedamag it s findings that Af i ]t s 0r
i mpl ementation of carbon dioxide capture and
portfolio. o Recogni zing that there asd®sm admin

developing this new technology, the Code authorized the West Virginia Department of
Environmental Protection (WVDEP) Secretary to establish a Carbon Dioxide Sequestration
Wor king Group (AWorking Groupo). THissuéd/or ki n¢
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 huwds to encourage the
development of carbon dioxide sequestration technologies;

o An assessment of the economic and environmental feasibility of large,
long-term carbon dioxide sequestration options;

. A recommendation of any legislation the working group metermine 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 Westrvarg
o Identification of geologic sequestration monitoring sites to assess the short

term and longerm impact of carbon dioxide sequestration;

o An assessment of the feasibility of carbon dioxide sequestration in West
Virginia and the characteristics of asewithin the state where carbon
dioxide can be sequestered,;

o An assessment of the costs, benefits, risks and rewards ofstzlge
carbon dioxide sequestration projects in West Virginia;

. An assessment of the potential carbon dioxide sequestration capdhity
state;
o Identification of areas of research needed to better understand and quantify
the processes of carbon dioxide sequestration; and
. An outline of t hdaermastratelyifar the rggulationpB s | ong

carbon dioxide sequestration in Westgihia.
(W. Va. Code § 221A-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 theCarbon Dioxide Sequestration Act was passed during the regular
session in 2009, a Special Session was held in June 2009. During that session, the Legislature



promulgated thélternative and Renewable Energy Portfolio Standard, Article 2F of Section 24

of the West Virginia Code.Thi s new | awo cortirau¢ leveering thea émissiopst |
associated with electrical production, and to expand the state's economic base, West Virginia
should encourage the development of more efficient, l@m@tting and rasonably priced
alternative and renewabl e energy resources. 0

MAdvanced coal technol ogyo is i ncluded i n
resources. 0 WE3(Va). ( ICo.de AMAMdwvanced c a@atthnotogyc hnol ¢
that is used in aew or existing energy generating facility to reduce airborne carbon emissions
associated with the combustion or use of coal and includes, but is not limitedlton dioxide
capture and sequestration technolpgy . and any other resource, methodjgmioor technology
certified by the commission as aB3%a& eophakiscoal
added).

It is clear to the Working Group that passage of the Alternative and Renewable Energy
Portfolio Standard almost contemporaneous with g@ges®f the Carbon Dioxide Sequestration
Act i ndi cates t he lylofeigtarest|iradarban edprire and gdguesiragione |
technology and its desire for West Virginia to be a leader in deployment of such technology if
feasible from an environmeaif economical, and legal standpoint.

[.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 usefdinal report. The Group decided to organize this report by way of
discussing feasibility issues first, geology and technology issemmndand legal issues last. In
each of these three broad sections, any conclusindfr reommendationgeached by the
Group are clearly stated at the end of the section

The Final Report provides the Working Grou

I.C. FEASIBILITY SUBCOMMITTEE

The Working Group believes that it is highly likely that Wesginia will be faced with
having to significantly reduce the statebs en
state currently emits approximately 102 million metric tons of greenhouse gases each year with
about 86 million metric tons of thaeing emitted from codired power plants. The state is one
of the nationds | argest exporters of electric
built in the state to be near the primary fuel source and West Virginia contains enouglimggner
capacity to meet the state demand and provide extensive power to its neighbors.

The United States Environment al Protection
di oxide and other greenhouse gases &onther egul a
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 Feasil#litpcommittee concentrated on



assessing the magnitude of the reductions West Virginia may be asked to make and whether or
not CCS technology can contribute to a potential solution to this challenge.

Factors to assess in this investigation include cossudf technology, impacts on the

statebds economy, public safety and environmen
impacted by CCS. This subcommittee also proposed some incentives the state may want to
consider should it be determined thatldepy me n t of CCS is in the st
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
singde 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 ditexbalbwer
in the nation would still leave 70% of the greenhouse gas ensssiorently 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 projectionsubject 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. Teckyyolbevelopment,
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 Wesh\ydiut 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
guestions that still @ed 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 appropriatécaéch
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 conceover 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 ierstate C@pipelines?
3. What factors need to be considered in the assessment of the value of coal

fired power to West Virginia?

'The term ACCSO i s us eFhalRepoe.qTineeWotking/Grauphagreed that 6GStshall be iterpreted to

refer to Carbon Capture and Sequestration instead of Carbon Camturet or a g e . The terms fAsequestr
often used interchangeably so the Group agreed to the use of
carbon dioxide capture and s e q uokcarbon didxideahat wauld otfierwise be eraitfed ta,r e an d
or remain in, the at-tid8®here. o W. Va. Code A22



4. The subcommittee will delve deeper into the economic cost and impact on
West Virginia of CCS technology.

5. What facts need to be durght 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 captucadbon 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
sequestratiorbeneath West Virginiavas initially assessed by the Midwest Regional Carbon
Sequestration Parership (MRCSP) ints Phase | report. Severarmations in the stratigraphic
column have potential for storageeither depleted oil and gas reservoirs or in saline reservoirs.
There are also sever&brmations that will provide a seal, providing containment of the
sequestered carbon dioxid€oal, a valued natural resource in West Virginia, also presemts
storage potential in unmineable sean®orage potential inhgle formations is also considered
by the MRCSP. Organic rich shaad coal have similar trapping mechans for sequestration
where the carbon dioxide malde is bound to the organic materiaHowever, shale storage
potential is still a research project aschot considered inthé’2 di t i on of NETLO6s A

The MRCSP estimates tipdtentialfor geologic sequestratianf carbon dioxide in West
Virginia at about60,810 million metric ton8. This includes an estimate of stoeagotential in
shale. In its semd edition of theCarbon Sequestration Atlas of the United &tated Canada,
the National Energy Technology Laboratory (NETLprovides a range imgeologic storage
potential for West Virginia of between 4,873 and 14,994 million metric tons. Storageigatent
shale is not included in NETLG6s atl as; mor e
understand trapping mechanisms in shale, providing a betigerstanding othe storage
potential in theséormations

Emission datgfor West Virginiain the 2" edition of NE T L & s lisfs 29 sawsces
emitting 102 million metric tons per yeéee Table IV.B.10). With 90 percent capture this
volume ofCO, emissions can be injected for sequestration over a perioelweerb3 years and
163years The thirdedition of the Atlas lists 2 sources emitting 99.2 milliotonnes per year.

With a slightly wider range in storage efficiencies, potential storage capacity for West Virginia is
between 6,630 and 20,260 million tonfiedVith 90 percent capture, this cduhccommodate
between 74 and 226 years of injection. The United States Geologic Service will be providing an
assessment of onshore storage potentialCios per Congressional direction in the Energy
Independence and Security Act of 2008torage potentiaestimates areesourceestimates that
needto be proven. This will be done to some degree during site characterization of a potential
sequestration site. As with other natural resources such asdglas or coal, proved reserves

are a smaller valu&an the resource estimate.

2 Wickstrom, L.H. et al., 2005, Characterization of Geologic Sequestration Opportunities in the MRCSP Region, Phase | Task
Report Period of Rormance: October 2008eptember 2005, DOE/NETL BDES2605NT42255

3NETL, 2010, Carbon Sequestration Atlas of the United States and Canada, third edition. Found at:
http://www.netl.doe.gov/technologies/carbon_seqg/refshelf/atlaslll/index.html



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

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 cépturedCO, 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 fgreenhouse gas (GHG) reporting @€©, 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 (USDWSs) and assure that the sequeStetteds not
present amndangerment to USDWSs. Subpart RR is designed to @@glas it moves through a
sequestration operation and provide an accounting of the volume of capysdquestered.
Several states have passed geologic storage legislation and two, Washingtontlamxhkota
have promulgated regulations governing sequestration of caf@ed

The prime factor to consider 80, storage operations is pressure. Captured carbon
dioxide is most economically stored in a supercritical phase. Depending on temparature
pressure gradient, this witiccur at a depth &,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, carlaxidd 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 ceas, the storage reservoir pressure will begin to return tnjaetion
operation pressures. The USEPA recommends a 50 year post injection monitoring period,
although the Administrator may modify this on a ehgecase basis, because it estimates that
this is how long it will take th€O, storage reservoir pressure to return to regional hydrostatic
pressure levels and provide a condition of-eadangermerit.

Two recent studies looked at storage costs. The Global CCS Institute estimaigel stor
site chaacterization cost to be $25 million on average with a range of $10 to $150 milison.
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 séledlienot meet expectations
and will have to be abandoned for another dlite modelassumed a characterization cost of $60
mil |l ion. The higher cost estimate from the
success rate. Early movers hershould 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 200. Itsc o st estimates ranged from 09 million
million. At the current exchange rate of $1.44 per Euro, these costs are $13 million to $117
million with an average of $43 millioh. The Global CCS Institute model assumed thatill
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 characterizaimh permitting. If storage costs range

4 EPA, 2008, Proposed rules for Underground Injection Control (UIC) Program for Carbon Dioxigje3€flngic

Sequestration (GS) Wells. (web link needed)

5 Glogbal CCS Institwt, 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%200f%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf

®|EA, 2011, Global Storage Resourkealysis for Policymakers, IEA CCS Costs Workshop, Paris, Mare2322011. Found

at: http://www.ieaghg.org/docs/General_Docs/IEAGHG_PresemtatGap_Analysis IEA CCS_NW_Marll v2.pdf
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from $5.00 to $10.00 per tonne then sequestering 100 million tonr@®,ofan cost between
$500 and $1,000 million dollars. With site characterization a cost including permitting of $60
million, then it is easy tgsee that the majority of expenses incurred by sequestration occur after
injection begins, driven by MVA activity, tracking th€0O, plume and assuring nen
endangerment at some point in time after injection is done.

Successfukite characterizatiobegins vith 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 seeral plans: Area of Review (AoR) and corrective action, testing and
monitoring, injection well plugging, postjection site care (PISC) and site closure and
emergency and remedial response. Establishing financial responsibility that covers fulfiiment o
several of these plans: corrective action, injection well plugging;ipestion 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 dioes 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 sdit, 2D, vertical seismic
profile (VSP) or crossvell seismic. Thiswill represent the greatest expense in meeting
regulatory requiremeat 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 cattucted through monitoring wells. Corrective actiandremediation 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 prddaut, 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 tertiaryproduction operationEnhanced Oil Recovery) but the pressures
hereare not as high in these two scenarios. Transportation and injectiG®.ofor 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 hydrocarllusstechnology
will be used to monitor and trackO; in the subsurface. Much of the technology is proven,
its application is different. Significant work is underway to test the application of oil and gas
technology inCO, sequestration operatigmmost 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 B8O, sequestration operations. The significant difference here is in
assuring etention of theCO; in the subsurface over a considerable period of time.

Given economic feasibility, theate at which storage fields can be permitted and brought
online will dictate the rate of deployment for CCS technology. Without storage, thereégao
for capture.

I.LE. 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 identifgig 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



Midwest Govenors Association. In addition, an evaluation was conducted of the consequence of
allowing the current legal process already in pliceontrol the acquisition of land to be used

for a CCS project. The goal of this effort was to explore all options irr todereate a solution
tailored to West Virginia |legislatureds desir

The Legislature has requested the Working Group to make recommendations to
encourage the development of CCS and to examine factors integral tconk&uction,
maintenance, and operation of CCS facilities, among other things. In responseaeguleist, the
Working Groupturned its initial attention to the manner in which pore space rights are to be
acquired.

The resulting analysi®cused principdy 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 numbé&pooperty 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 stiace 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 codtterk 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 eosgiion for the use of
land, the Working Group recognizes that not all use of private land g@swdt compensable
taking. The United States Supreme Court and other courts have recognized a number of
circumstances in which compensation was not requodae paid for the use of land. These
cases have included in certain circumstances airplaneflmhgs of land and injection of
material into underground foundations. By reviewing the facts and circumstances surrounding
these cases, the Working Grouashdeveloped 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

TheLegalSubcommitte has also addressed in théport such additional issues as

Permitting.
Groundwater Protection.
Fees.

Interstate Projects.
Preemption.

Report to Legislature.
Liability transfer.

Post Closure Trud=und.
PSC Approval.

CoNoOO~WONE



10.  Ownership and Value of Stored €O
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.LF.  SUMMARY

Much research has been conducted by the Working Group through its subcommittees
over the past two years'he 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.

Il. DETAILS OF THE WORKING GROUP

IILA.  MEETINGS

The full Wor king Groupods first Dunegethai ng oc
meeting, the Group elected Stephanie R. Timmermeyer to Chair the Group and Tim Grant as
Vice-Chair. ThelLegislature identified ten items in the W.Vaode § 2211A-6(h)(1)(10) for
inclusion in the Wor king Gre oThepVoskingcGrauaformeBe por t
three committees because the list of ten items identified by the Legistaayrée categorized
into three discrete areas: feasibility, geology and technology, and legal.

The Feasibility Subcommittee is tasked with item2,14, 7, 9, and 10 (with an ermgsis
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 Timmermeyand Vickie Wolfe.

The Geology and Technology Subcommitieeesponsible 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 beeso

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 DenRghard WinschelDave McMahonand
Nick Carter Greg Wooteh

The three subcommittees met numerous times in person and via phone conference. The
full Working Groupalsomet onseveral occasions



I.B.

RESOURCES
As stated in the Forewn, the Working Group reviewed a ssthntial body of data and

reports related to various aspects of carbon capture awliestration. This Final Report
incorporates or refers to data and information from a large number of sources including federal

and state agencies, and rgovernmental @anizations. 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 cr eat e dtopostthesehresouddEa? fsn we b s i
the meetings, subcommittee repores)d presentations of variouspeakers The link is
http://www.dep.wv.gov/executive/Pages/ccsworkinggroup.aspx

STATUS OF THE REGULATION OF GREENHOUSE GASES
Even in advance of Congressional activigjated to CQ emissions, many legislative,

regulatory and judicial activities are underway at the state and federal level which have as their
objective reducinghe amount o€0O, emitted to the atmosphere.

On April 2, 2007, the U.S. Supreme Court heldMiassachusetts v. ERA49 U.S. 497

(2007), that GHGs are air pollutants covered by@Glee a n A CAAO AThé Co(rifialso

held GHG emissions are subject tBA 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 wiéare, 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.
Foll owing the U.S. ShuMassachusettsGro ERat florsy ofd e c i s |

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

GHGs from new motor vehicles or motahicle engines cause or contribute to air pollution that
endanger public health or welfare. As

may
or

Also in response to thiglassachusetts v. ERAecision, USEPAroposed finding that

des

Contribute Findings for Greenhouse Gases U
18886, April24, 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 th 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 @aind projected to occur in the futdirencluding

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, motense storms, harm to water
resources, harm to agriculture, and harm to wildlife and ecosy&tamseffects

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

the likelihood that greenhouse gases cause these effects, andghiéude of the


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

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 dean 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
hexdluoride.

This is referred to as the Aendanger ment find

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 engineeaontributing 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 healihd welfare under section 202(a) of

the Clean Air Act.

This is referred to as the fAcause or contri bu

Finalization of the endangerment finding in December, 2009, authorized the agency to
promulgate GHG control regulations for all sourcesroissions. (74 Fed. Reg. 66,496 Dec. 15,
2009). The promul gation of USEPAOGs Motor Vehicle
for the agency to regulate stationary sources of GHG emissions under the PSD and Title V
permitting programs.In April, 2010, USEPA established a phaseschedule for stationary
source GHG obligations under the PSD program. 75 Fed. Reg. 17,004 (April 2, 2010).

On June 3, 2010, the USEPAPrqeventoh of Signdicintt he f
Deterioration (PSD) andiTt | e V Gr eenh o us e75 Bed. . RegT3d ,bldMnichi ng Ru
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
takk n by USEPA in response to the MdssaGwusettSupr e me
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. BP®& US
promul gated the Tailoring Rule to avoid the 0
would result from subjecting stationary sources of GHGs to the existing parameters of those
programs.

Draft, norbinding guidance issued by USEPA on Novemb@, 2010, discusses how
carbon capture and sequestration (CCS) should be evaluated as a Best Available Control
Technol ogy (BACT) wunder the PSD, concluding
EPA does not believe that at this time [it] will béeghnically 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.federalrgister.gov/articles/2010/11/17/20P8962/pseandtitle-v-
permittingguidancefor-greenhousgases 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 212.
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On December 10, 2010, the USEPA issued the final injection well regulations under the
Safe Drinking Water Actodés (SDWA) Underground
apply to CQ geological sequestration (GS) wells. The rule is designeditmaply protect
underground sources of drinking water (USDW). The SDWA mandates that each state must
have an UIC program The final rule established a new UIC well clasClass VIi for
injection wells that will be used to inject G@to the subsurize for the purpose of loAgrm
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 sitecharacterization, area of review and corrective action, financial
responsibility, well construction, operation, mechanical integrity testing, monitoring, well
plugging, posinjection 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@&CS, such as pore space rights and loegn 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 wellrequirements. See Financial Responsibility Documengvailable 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
Reportng 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 asp#eific monitoring, reporting
and verification (AMRVO) pl an, and to report
mass balance approach. Mandatory Reporting of Greenhouse Gases from Carbon Dioxide
Injection and Geologic Sequestration Rule, 75 Fed. R&@p60 (Dec. 1, 2010). Compliance with
this rule will allow GS operators to provide proof of sequestration, eliminating yet another a
barrier to CCS.

The USEPAOGs regulatory initiatives are the
require many maths 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 preseliest
Virginiabés economy that heavily relies on the
Sequestration Act, W.Va. Code 8§8-22A-1 et seq., was passed by the legislature in 2009. The
West Virginia Legislature also passed the Alternative Géiner&ortfolio 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 generatiomising alternative methodologies, including CCS.

" SeeFederal Requirements Under the Undergroumjgction Control (UIC) Program for Carbon Dioxide
(CO2) Geologic Sequestration (GS) Wells, Final Rule, availablettat//www.gpo.gov/fdsys/pkg/FR010
1210/pdf201029954.pdf (Dec. 10, 2010).

8 SeeU.S. EPA publicationynderstanding the Safe Drinking Water Aat
http://www.epa.gov/safewater/sddwwa/pdfs/fs_30ann_sdwa
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V. 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 requiredo 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)
Thereis no current House oBenate action on this type dadgislation, but there neains the
possibility of renewed efforts to implement such legislatitm addition USEPA is proceeding
on the basiof the Massachusetts v. EP#® promulgate regulations thatowld require the
control ofgreenhouse gas active materials.

Internationallya number ohations 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 $ates, are actively involved in programs to mandate iaddit greenhouse gas
emissions.

With the understanding that reductions in greenhouse gas emigsayrie imposed on
West Virgnia sources, thd-easibility Subcommittee(fiFSQ)) provides discussionsf ahe
following issues to the Legislature for itonsideration.

Using W.Va. Code 82211A-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 metdd encourage the development of carbon
dioxide sequestration technologies;

(2) Assess the economic and environmental feasibility of largestengcarbon
dioxide sequestration operations;

(4) Recommend methods of facilitating the widespread use dbrcaibxide
sequestration technology throughout West Virgiaizg

(7) Assess the costs, benefits, risks and rewards of lsrgke carbon dioxide
sequestrdon projects in West Virginia

The Feasibility Subcommittee discusses these issues in SectighrAwyh A.7 as follows:

A.2. Backgraund- 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 Imementing CCS in West Virginia.
A.5. Environmemal and Health Related Racs.
A.6. Incentives for CCS Technology.
A.7. Conclusions and Recommendations Being Discussed for the Final Report.

IV.A.2. Backgroundi The Magnitude of the Task

Due to thepresence of coal based electric generdtol¥est 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 stafeg/est Virginia also produces the majority of its electric
power by burning codf’ a process that releases more gheeise gas in the form of G@han

other commonly used methods of power generdtidn.view of the relatively large amount of

CO, produced in the state and the contribution of coal production and utilization to the economy,
the West Virginia Legislaturehsuld be aware of the impact that requirements for significant
reductions in C@could have on the state.

It is likely that sources in West Virginia will be faced with having to reduce CO
emissions over the next few years by significant amounts. Curteetly is no method to make
such reductions without either curtailingstate 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 produgiand edctrical 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
coatfired electric power plantvas replaed into operatiof”. 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 udal tool for addressing greenhouse gas reduction throughout the world. This
section of the report discusses the magnitude of the challenge to redudeo@QCa state,
national and international perspective

The West Virginia legislature can help set tloairse 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 statee®nd, these challenges may present many opportunities for the
state to use our natural, human and intellectual resources innemthat benefits our citizens.

In the area of challenges, consider, for instance, the requirements that would be imposed
on power generation in West Virginia by tipeoposedAmerican Clean Energy and Security Act
of 2009(ACES)® 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 flmnUspecified
sectors of the economy should be reduced by 3% in 2013, 17% by 2020, 42 % by 2030 and 87%
by 2050 The base year for these percentage reductions is 2005, a year in which US Total GHG
emissions were 720dt CO,eq™®

j})Nest Virginia Energy Profilé USDOE EIA, retrieved 11/30/09. http://www.eia.gov/state/stanergyprofiles.cfm?sid=WV
Ibid
1 USDOE EIA Frequently Asked Questioh&nvironment, list of C@emissions for various fuels per BTU.
http://tonto.eia.doe.gov/ask/environment fags.asp#CO2_quaetifyeved 11/30/09.
12 AEP/APCo Mountaineer Plant CCS Process Validation Project, Mason Co., WV
13 For a short discussion of ACES see articleMikipedia at:
http://en.wikipedia.org/wiki/American_Clean_Energy and_Security Hus article also reports acronym as ACES although
some sources Quote as ACESA.
14 AmericanClean Energy and Security Act of 200BIB 2454 (as placed on Senate Calendar) Title VII, Section 703.
15 For the purpose of this discussion when talking about emissionsf C® h eMtd e(rmm Ifil i on metric tonnes)
opposed to emissions all GHGs which are reported in termsMf CO,eq (CO, equivalent includes the emissions of the other
socal l ed Kyoto greenhouse gases reported as the product of th
potential( GWP). Thus 1 ton of methaseéported as 21 tons of @&g since the GWP for methane = 21). To confuse matters
further, most listing of total emissions is now being regbrhternationally in terms aéragrams (Tg) of C@&q. A teragram is,
however, equal to 1 million metric tons.
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To put these challenges perspective, assume thaest Virginiasources are required to
reduce emissions by the percentages specified in the Act. As shown in the attached Table A.1, in
2007 West Virginiacoatfired power plants emitted approximately 85.6 million metric tons of
Co%éamd in the base year of 2005 emissions from-ficad electric production amounted to 84.1
Mt.

Under the proposed ACES legislationg¥®¥ Virginiasources would be required to reduce
CO, emissions by approximately 2.52 in 2012, 14.28t in 2020 and35.32Mt 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 fom 2005 emissions)As an alterat i ve t he stateds generato
under the fAcap and tradeo program provided in

On a national basis HR 2454 wollilahit emissions from certain sourcesdnly 4,627Mt
in 2012, 5,056Mt (from a broader list of sources) 2020 ad 3533Mt in 2010f r om ficapped
sour ceso ( wh-firedhpowermplantsl dlate thramttee lallowed emissions allocations
do not recognize any growth in electrical dem&hd.

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

" Note that the riseniallowances 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 USeadleiata 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 si
Outl ook 2010, 060 EIl ect r i chip://waeeineaoeadv/Dial/acp/ovenies.btfhrdessed 2/2/100 9 .
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TABLE IV.A.1%°
Some important numbers when considering emissions of Greenheel Gases.

Electric Power Produced in US 4156 TWH®#
Electric Power Produced by Coal in US 2016 TWH?
World Production of Electric Power 18,778 TWK?
World nonHydro Renewable Production 473 TWH*
West Virginia Coaffired Electric Power 94 TWh®
West VirginiaRenewable Power (Wind) 0.168 TWK®
Amount of CQ emitted in US Energy Production 5912Mt%’
Amount of CQ emitted by US codlired electric power 2155Mt%®
World Coatfired Electric Production C9 12,496Mt*
West Virginia Coaffired Electric Power C@ 85.6Mt*°
Total US GHG Emissions 7150Mt COeq™*
Total World CQ Emissions (Anthropogenic) 29,914Mt*

Options Available To West Virginia to Reduce CQ Emissions

While reductions in any listed greenhouse gas will count towarié\danh the reductions
required in the ACES proposal, the reductions most likely to occur in West Virginia will involve
reductions in C@* 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 othepiésk n
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
eledrical 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.
Z USDOE EIA. Net Generation by Energy SaeirMay 14, 2010 http://www.eia.doe.gov/cneaf/electricity/epm/tablel 1.html
Ibid.
ZUSDOE EIA. International Energy Statistic€oal- Generation
http://tonto.eia.doe.gov/cfapps/ipdbproject/IEDIndex3.cfm?tid=2&pid=2&aid=12
% Reference is listed agonhydroas hydro is not considered to be renewable in many definitions. USDOE EIA. liueahat
Energy Statisticé Generation Renewables
http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfm?tid=2 &pid=aid=12&cid=&syid=2004&eyid=2008&unit=BKWH
&products=34
S USDOE EIA. State Historical Tables for 200&eneration by Energy Source
?ettp://WWW.eia.doe.qov/cneaf/eIectricitm{qeneration state.xls
Ibid
" Includes all energy production, electric generation, transportation, etc. USDOE EIA. Emissions of Greenhouse Gases Report
2008, December 3, 2009. Table 5 Emissions of Carbon Dioxide for Energy and Industry.
E\gttp://www.eia.doe.qov/oiaf/1605/qqrpt/carbon.html#total
Ibid.
2 USDOE EIA. International Energy Statistie<Coali Generatiori CO, Emissions
http://tonto.eia.doe.gov/cfapps/ipdbproject/iedindex3.cfim?tid=90&pid=44&aid=8&cid=&syid=2003&eyid=2007&unit=MTCD&
products=1
30 USDOE EIA. State Historical Tablésr 2008 Emissions by Energy Source, January 21, 2010
http://www.eia.doe.gov/cneaf/electricity/epa/emission_state.xls
SIUSEPA Inventory of U.S. Greenhouse Gas Emissions ars:Si890 2007 Executive Summary p. 6, April, 2009.SDOE
EIA.
http://www.epa.gov/climatechange/emissions/downloads09/ExecutiveSummary.pdf
32 Note this is only for buting of fossil fuels, other GHGs not included. See: USDOE BElAco2 World Carbon Dioxide
Emissions from the Consumption and Flaring of Fossil Fuels,-2086
http://www.eia.dogjov/publ/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 detendinidgal compliance limits,
only the national total of 720@t. While demonstrated reductions in other GHG gasgamsd yield larger reduction credit than
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borne in mind when looking at the options itadale toWest VirginiaCO, sources to achieve the
reductions envisioned in this proposal.

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

e In 2012 there is no technology currently forecast to be commercially
availableto actually remove COfrom the emission stream of cefaed
power plants.

e 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 usfeoffsets, which would allow \&stVirginia
coakfired sources to continue to operdte.

e West Virginia utilities could back off kstate generation and either build
zero carbon generation or purchase such generation from others (including
out of state sages)>>

e 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.

e With each year seeing increasing requirements for reductions at some point
actual reductions in the emissions of @m West Virginiasourcesvould
have to be accomplished.

What Carbon Capture and Sequestration Means

Carbon capture ancequestrations a technology that would remove carbon in the form
of CO, from the emissionteeam of a power plant and store the removed material in a manner
that would prevent it from entering the atmosplarground water Methods being investigated
for carbon capture have looked at either biological processes, using some form of living
organsms that utilize C@as a carbon source, or chemical processes which use a chemical
reaction that absorbs or incorporates,CO

It is possible to design bioreactors that use living organisms to synthesize molecules that
can be further processed into carli@sed fuel which can replace fossil based fuel. An example
of such a process would use £C€aptured 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 substiited for fossil fuel. The net effect would be a reduction in @dission.

Another possible biological sequestration strategy involves the uptake antkeiong
storage of carbon in biomass such as trees. This postpones the release of greaotineise
materials to a point in the future. This type of storage requires some guarantee that the biomass is
not handled in manner that would rapidlyimeroduce the captured G&°

CO, (e.g. 1 ton methane reduction = 21 tons,@@luction) a discussion of CCS involves onlys &0 his 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 GQuantities.

% ACES Title VII, Part Di OFFSETS

®For i nst an c &l200% productiokVdf 4sTWh amd 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 th&l would have to increase renewable generation by a significant amount (see Table IV.A.1)

to provide instate generation to replace idled coal power.

% See for instanc@/ORKING PAPER ON CARBON SEQUESTRATION SCIENCE
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In general, chemical capture processes have come to focus on the geologicalo$torage
the captured material. In this process, captured i@@ supercritical or dense phasepumped
underground to reside in a geological stratum that has been demonstrated to have the capacity to
hold the material for very long time periods (thousandsittions of years)’

Biological capture and storage is a developing fidldaentific interest. Th&Vorking
Group feels thafor this method of achieving greenhouse gas redudimnrequirements the
state may have to meet should not be ignored.Wbking Group would encourage the state to
support such research and development. HowelerWorkng Group interprets the focus of
W.Va. Code Chapter 22 ArticlelA to be centered on the geologic sequestration of*€This
report will therefore concentraten techniques involving the capture of £@bm power plant
emissions and the geologic storage of the captured CO

Is There a Need For CCS?

Many references have stated that the development of CCS technology is critical to
achieving the goal of reducinge emissions and atmospheric concentration of greenhouse gases.
For instance in expressing disappointment with a decision by the Mississippi Public Service
Commi ssion to severely restrict funding for
CCS, the pogion of Secretary of the Department of Energy, Stephen Chu, was described in
Energy Daily as follows:

fiThe energy secretary said the nation has to build-scgke CCS projects that
will allow the continued use of coal in a carboonstained regulatory

e nvi r o Nathing anks a8 high as CCS . among the tools that could be
used to decrease carbon emissid@hu said. He acknowleggd that that CCS
proj ecverg costly and gxkensi ve, 0 I thinktwe hadedt@ push 6
ahead 8

A look at themagnitude of C®emissions listed in Table A.1 gives some idea of the
amount of CQ that is emitted from electrical production on a worldwide, national and West
Virginia basis. West Virginia codired plants emitted 85.81t of CO, in 2007 and, accordin
the timetable in ACES, would have to reduce that to roughly160y 2030. The nation would
have to reduce COrom coalfired plants by at least 908t in that time frame. If the world
were to try to meet the same reduction schedule, worldficedl power would have to reduce
emissions by another,80 Mt from current coal emission rates. Worldwide it is estimated that
by 20%0 overall coal use will increase to a level approximately 1.6 times the amount used in
2004

AND TECHNOLOGY, Office of Science, Offecof Fossil Energy, U.S. Department of Energy, February 1999, available at:
http://www.netl.doe.gov/publications/press/1999/seqrptfodfan extensive discussion of the whole isstibiological

sequestration.

7 There are a lot of documents available dealing with geological sequestration. One of the most comprehensive refeeences that i
often quoted is IPCC Special Report on Carbon Dioxide Capture and Storage, Bert Metz, eaeddPryep/Norking Group Il

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)thendef nes Car bon dioxi de sequestration as fAéthe injection
subsurface geologic formations intended to prevent its relea
®Energy Daily AChu Urges Mis®RieashppiGCRe Delaadt or §ri 8ayt hday Co
86 p. 4

““Worl d Energy Council, #2007 Survey of Energy Resourceso p.

mtoe in 2004 to 4441 mtoe in 2030. (mtoe = million tonnes of oil edgr).
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In any discussion of world emissis, China is often of peak interest due to the fact the
country exhibits the most significant emissions growth of any country in the @ida is now
thew o r |laig@3sCO; producer and user of coal in electric generéfiorBetween 2008 and
2009 Chinds net generation of%* el €dtonsuimdiontofcoalincr eas
forecastto more than double by 20%5 In addition to China most of thimcrease in coal
generated electricitiy wikome from India and other fagtowing Asian natiorf%.

With so much coalfired generation capacity currently installed and much of this capacity
still brand new, especially in developing nations, much of the physical plant devoted-ioecbal
power generation is likely to continue in service. Generally neahstructed power plants are
expected to operate for 30 to 50 years. In an era in which reduction,adrmi€sions is seen as
critical, CCS provides a method to preserve this critical infrastructure and still make progress
toward reducing greenhouse gasigsion. The World Resources Institute states in the Executive
Summary to its Guideline for Carbon Dioxide Capture, Transport, and Storage:

ACCS is a critical option in the portfolio
change, because it allows fogsificant reductions in C£emissions from fossil
based systems, enabling it to be®used as a

Is CCSthe AONlyo Solution to Climate Change?

The WestVirginia Legislature must be clear on one very important point a6@&5. No
one who has a firm understanding of the challenges fdloengtaten trying to find a solution to
reconciling the worl dds energy needs with th;
greenhousegasesis proposing that CCS ithe fionlyo solutionto climate change. CCS is a
method that if effectively demonstrated and widely deployed could have dramatic and potentially
permanent impact on the emissions of ,G@m large stationary sources. But with c@etd
electric production accountinfpr roughly 42% of world anthropogenic G@missions(see
Table 1), even a total and immediate cessation of allizedl electric production (a totally
impossible occurrence) would fall short of the 50% reduction by 2050 in human @amissi
identified asa combined U%uropean Union g in the November 3, 2009 EUS Summit
meeting in Washington D&.

Nor is CCS the least expensive of the many options identified for the reduction of
greenhouse gas emissidfisor instance, The McKinsey Report proposes dma 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 gaduction beingproposed by many
authorities, some will conclude that even with the employménallothe easier and less
expensive methods of reduction there will still be a pressewf foreven some of the most
expensive technologies.

http://www.worldenergy.org/documents/ser2007_final_online_version_1.pdf
;‘; EIA Country Overview_China. http://www.eia.gov/countries/cotaeya.crm?fips.CH
Ibid.
3 bid.
“EIA International Energy Outlook April 2011, http://iwww/eia.gov/ciaffieo/html
4SWorld Resource Institute, Guidelines for Carbon Dioxide Capture, Transport, and Storage, 2008, p.8
462009 EUI 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: Hoat Minett Cost, December
2007, Executive Summary, U.S MRlange Abatement Curve 2030 p. Xiii.
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Wedge Stabilization Analysis

To understand the magnitude of this effort, the Legislature needs to look atlthemu
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 thdammus
Stabilization Wedges process of looking at how current technaoglg address the challenge
of climate changé® 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 hisébrdata. 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 theids
proposal would not reduce &sions 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 €Q The authors then assigned to each
of 8 gecific strategies an annual reduction goal of 1 billion tons.&acla graph each of these
goals develops into a wedge shaped figure that starts representing a small deployment of the
technology whichreaches 1 billion tons in 2050 as theheology is nore widely adopted.The
basic idea is to achieve a |ifestyle for all
the western world and still meet the projected greenhouse gas emissions goals.

Over the roughly 50 years of the process each wegfgesents 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 instapleeing every single
incandescent light bulb in ¢hentire world with CFLs would yield ¥4 of one wedge. For CCS to
achieve a single wedge it would have to be installed at 800,000 MW efireabpower plants.
Currently this would equal the total number of coal plants in ti& plus almost all the
generdéion 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 mogeathieve one wedge.

Other technologies that would equal one wedge:

e Efficiency i Double the fuel efficiency of every automobile on earth or
reduce the total numbers of miles driven by %.

e Efficiency i Double the efficiency of all plants producing elexii power
but keep electrical demand at its current level.

e Fuel Switching’ (Note CCS is included in this category) Replace 1400 coal
fired power plants by an equal number of natural gas plants.

e Renewablesi Replace an equivalent capacity of cbedd plants by 1
million wind turbineseachwith a capacity of 2 MW.

e Renewablesi Replace anequivalent capacity of codired plants with
20,000 square kilometers of solar pan€ls.

“8 pacala, Stephen WWandRobert H. Socolow2004:Stabilization Wedges: Solving the Climate Problem for the Next 50 Years
with Current Technologie$cience305 doi:10.1126/science.11001@88-972

“®To learnmore about Wedge Stabilization see the web padetat//cmi.princeton.edu/wedges/

for a quick PowerPoint sebttp://cmi.princeton.@u/wedges/Wedges_slides 8.ppt#12
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This analysis lists 15 different technologies that the authors consider torreatigu
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 thHalig@ion 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 impomamt 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 powet.

West Virgina is already in the lead by virtue dfaving the first coafired power plant
CCS project in the world operating in Mason County. A project such gsatbigy with others
being planned and developed around the woray be able to demonstrate that CG& bave
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 willinede! for others to follow ign the
hands othe 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 thenjreuse gas reduction goals the wonhdl ghe
nation are likely to sethe 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 addregd in this section and Sectidm

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 ds addressenh SectionA.5.

3.  What are thedchnical issues (both engineering and geological) that must
be addressed to ensure the efficacy of CCS in West Virginia?
Question 3s addressenh 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?

TheWorking Group suggests that t@lowing factors will have to be considered by the
WestVirginia Legislature before amformed decision can be made.

° Will West Virginia have a need for CCS?

S0 USDOE EIA. International Energy Outlook 2009, ChapterBectricity, May 27, 2009
http://www.eia.doe.gov/oiaf/ieo/electricity.htndccessed 12/1/09.
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If so, when will that need become a reality?

What is currently available to meet such a needgu€iCS?

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 caatsl benefits of alternatives?

Looking at these factors individually the War§ Group offerghe following discussion.

Will West Virginia have a need for CCS?

Earlier in this report there was a discussion of the probability fop €@ission
reductions in the near future. West Virginia currently has 14,715 MW officedlpower plants
and approxnately 39 utilityowned coafired generating unit3: Table IV.A.1 shows that in
2007, West Virginia coaffired generation emitted 8581t of CO,eq. West Virginia could
choose to meet upcoming GHG reduction goals by simply backing off generation. Ast¢his s
a net exporter of electrical power this could be done without reducistt@ 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 inrépsrt, CCS could provide a
method whereby existing ceited generation could continue atettsame or even increased
levels.

From a national perspective, as of 2005 there were approximately 147@real
generating units in the United States représgn813,380 MW of capacii A simple
proportional reduction could mean that 53,275 MW of this total would have to achieve 100%
reduction in CQemissions by 2020 to meet the 17% reduction goal listed in ACES. While there
may be other methods of achievingmpliance with the requirements outlined in ACESt
some point a significant portion of the 313,380 MW of doald power will either have to be
retrofitted with CCS or retired. In addition, as shown in Td¥lé.1, there is considebée coal
fired generation worldide, 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 lpodsb many of these
nations will choose to continue to build new ebedd generation and will not have the ability to
develop low carbon technology to do so. CCS technology, developed in West Virginia and other
US statescould be shared with some difelse nations in a mannggsignedo lower worldwide
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 &hieving the goal of greenhouse gas reduction pending a satisfactory resolution of issues
such aghoselistedin questions 2 through 4 above.

When will a need for CCS become a reality?

51 USDOE EIA. Generating Unitshttp://www.eia.doe.gov/cneaf/electricity/page/capacity/existingunits2005.xIs

Total MW - http://www.eia.doe.gov/cneaf/electricity/st_profiles/sept04wv.xIs

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 200&tp://www.eia.doe.gov/cneaf/electricity/epa/epaxlifilel 1.pdf

%3 For instance carbon offsets, energy efficiency measures, energy conservation practices and repowerirey withdow

carbon emitting resources.
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There are a number of unknowns in answering this type of questionfir¥hes 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 mayllogved to enable emitting sources to
develop technical and administrative processes needed to achieve reductions.

Regarding legally binding requiremen&CES has now been joined by the American
Power Act (also called the KertyLieberman bill) which isiie Senate version of ACEShere
are many similarities between the hillsoth 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 iags, 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 UEPA on May 14, 2010 r e | e dadoerd) Ruleh vhichfisets a roadmap of
how the Agency will handle air quality permitting for stationary sources of greenhousssga
the wake of itendangerment declaratiohis declarationissued on December 7, 2QG%ates
that the emission of greenhouse gases in the United States constitutes an endatg@urbéc
health and welfareAs of January 2, 201 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 betweeretiprograms that would be set up under the
congressional action and those established unddd 38 A actions, but under either approach
the emissions of greenhouse gases, including @i be controlled to some extent in the near
future.

The actual fornof whatever regulatory or legislative requirements are chosen for GHG
emission control will have a weiarge impact on the timinthe need for CCS. For exampie
the proposed ACES there is an allowance for a pimae CO, reduction from coafired 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 p2620 period.

However if reductions are called for too early or are too stringent to be compatible with
the technich administrative and economic demands of CCS,-icad generation may be
precluded from using CCS. Utility generators may then be forced into investment in lower
carbon natural gas generation (with a&mission approximately ¥z of that emitted by ¢aoal
the years before CCS is reatfyn this situation, a nrétet for coalfired CCS may aver 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 theovery 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 deeidvhether coal or natural gas generation of electrical paliovs
the best future for thet&e of West Virginia.

54 For example, Calpine Corporation in a presentation discussing its new Russell City Energy Center cited its proposed permit
limit for CO, of 1100 Ibs/MWh but referenced reports of NGCC plants achieving results ¢§80MNh. A coal plant, usually
emitting 2000 Ibs/MWh, would emit <800Ibs/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 Febryary 3, 2010
Slides 89. http://www.epa.gov/air/caaac/climate/2010_02_GHGBACT CalpindAciessed February 10, 2010)
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Such a situation could be encountered in some legislative actiongherfEPA must
proceed with regulatory controls under existing Cléan Act requirements. Ifthe UEPA
carries through with its proposed regulation of ,G@me 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 citesed® If the UEPA 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 GG8 for the continued ability dhe nation to be
ableto use coal as an energy sourgeuld be one in which significant reductions in £O
emissions would not be required until the demands noted above have time to be resolved.
Estimates of when CCS will beme commercially available (i,eechnically 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 2@230 time period®

What is currently available to meet such a neét

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) tende energy intensive and thus very
expensive. Some proposed methods of carbon capture would require a ditferent boiler
technology while others would involve extensive boiler retrofit.

However, it should be noted that various businesses opetliatifgest Virginia are
already taking a leading role investigating and developing CCS.

e The AEPAPCo 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 fireggower plant is subjected to a carbon dioxide capture
process with the captured material sequestered in a geological strata
approximately 8000 feet below surface grade apthat. Theprojectbegan
actively operatingon October 1, 2009 and successfully aptured and
sequesteredCO, 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 getiera

e 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 willlso capturand sequester carbon dioxide

55see, for instance, Greenhouse Gas Regulation under the Clean ADdeds Chevrorset the EPA Fred@ecember 2009
Resources For the Future. Available at:

http://www.rff.org/Publications/Pages/PublicationDetailsx@shiblicationlD=20964

%6 See for instanc&Facts and Trends: Carbon Capture and Storage (GE&)t Business Counciin Sustainable Development,
October 2006 which in 2006 predicted a 20 year time frattiEudure 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 discursgpdoming legislative efforts all new plants would need

CCS after 2020.
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from a portion of the emissions frothe Mountaineer 1300 MW generating
unit using theAlstom chilled ammonia process.

The project is being undertaken conjunction with a diverse technical
advisory committee that includes recognized experts in the field of geologic
carbon dioxide storageThis 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.

o Alstom and DowCO, Capture Pilot Plant On September 10, 2009, The
Dow Chemical Company (Dow) and Alstom dedicated a carbon dioxide
(COy,) capture pilot plant at the South Charleston facility. In 2008, the two
companies entered into a Joint Development Agreement to devatop th
technology, and in March 2009 annoutigdans to design and construct the
pilot plant.

. This pilot plant will captureCO, from the flue gas of a codired boiler at
the South Charleston plant. The pilot plant will use proprietary advanced
amine technagy to capture approximately 1,800 metric tonsC&, per
year. The pilot plant will operate for two years, generating and collecting
data that caibeused to optimize and implement this technology at-ticed
power plants worldwide. This new processl wignificantly reduce the
amount of energy required fQO, separation and capture.

The Alstom pilot plantis running well. The process isrtline daily,
recoveringCO, from the Dow coafired boiler flue gas. Data from the plant

is being used for R&Dpurposes and process information for future pilot
scale and fulscale carbon capture projects throughout the world. Tests
include longterm chemical degradation, carbon capture efficiency, energy
efficiency, analytical methods, operating procedures @ndrol strategies.
Current test plans project operation into 2011.

J CONSOL Energy, with partial funding from the U.S. Department of Energy
and in collaboration with West Virginia University, began injecting @@
an Aunmineabl ed Caounty, West¥imima, in Beptdhbers h a | |
2009 to simultaneously sequester the,@8d to enhance the mhaction of
coalbed methane.The WVDEP issued a Class Il Underground Injection
Control permit for the project. The team expects to inject up to 20,000 tons
of CO, over the course of two or more years and to continue to monitor the
site for up to two additional years.

Are there alternatives b CCS for meeting those needs?

57 Amos, J. , Dow Environmental ManagePersonal communication, June 1, 2010.
%8 winschel, R. A., Director of Research Services, CONSOL Energy, Inc. Personal Communication20dfe 7
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Using ACES as a surrogate for predicting future reduction requirements and the 2005
ba® emission rate from WstVirginia sources of 84.Mt, electric generation sources in West
Virginia would have to reduce emissions to M8 CO,eq in 2012, 7IMt by 2020, 50Mt by
2030 and 18Vt by 2050>° Such reductions in emissions cannot be achievedouiitbither a
technology to remove and permanently store, @@m 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 CGut as stated above natural gas still emits roughly one half th¢h@O
results from coafired generationEmissionreductions 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 theSU Despite fears about its safety, it has the best safety
record of any fuel for electric generation. There areeriily 26 applications for nuclear power
plants in the US pending before the NBCWest Virginia, however, has not pursued such
options in the past. Conceivablyis is an option that the stat®ould pursue. However, if this
course were to be pursued, thegislature may have to revisit the apparent barrier to the
employment of nuclear power in articles 81BA-1 and 81&27A-2 of the statecode, which
require that a nuclear power plant must be economically feasible and that a permanent national
repositoryfor 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 electricak.powe
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 energyrgioe is not favorably considered
under current public sentiment, in an era of changing energy options and increasing CO
concerns, the state may be able to further investigate hydropower. In addition, small scale hydro
which does not involve buildingdam i s a promi sing use of West Vi

Wind

Wind power is becoming an important state resource. West Virginia is already one of the
leading states for commercial wind development in the east&nabd other sites are under
constructio and in the planning stage. As of the date of this redestVirginia has431 MW
of wind capacity producing commercial electrical po#eFhis makes WstVirginia the state
with the %" largest installed capacity east of the Mississippi Ri¢aiind power may be

9 Based on % reductions listed in ACES Title VIl 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 Janu2Q192
%0 Deutch, J et. alUpdate of the MIT 2003 future of Nuclear Powdgssachusetts #titute of Technology, Cambridge MA
22 U.S. Department of Energy, Wind Powering America.

Ibid.
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becoming more difficult to build as public opposition is ofseen to utility scale plants. djbr

wind resourcesn West Virginiaappear to be located on the eastern ridge lines, an area that
many feel needs to h@otected 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 becorself-sufficient in electrical production using wind alone,

but appropriate utilizaton o f the statebdés wind resource ¢
diversified energy portfolio.

Nationally, wind energyo6s ability to off se
operations and the ability to anticipate its output. Because wind ignittent it cannot be
dispatched as regularly as fodgied power generation. Combined with flexible generating
technology within a responsive reahe systemwind power can be efficiently integrated. But
due to its intermittency wind will never benaajor component of the power system and the
challenges of integration may increase with greater amounts of wind capacity.

Biomass

Biomassco-firing and woodfired power generation are two other sources of iz
electricity that could be produced in ¥feVirginia. Based on physical quantities, wood residue
available in the State could suppegveralpower plats of up to about 50 MW. However, the
variability of transport costs due to the fue
size. A single suclb0 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 capjidy depending on how associated
forestry management contributes to carbon levels.

Biomass produced to be -fioed with coal could play a larger role but is not widely
developed. Switchgrass or some other energy crop, as well as wood residue, canrbsseaimp
into bricks or pellets that on a tgerton basis contain an energy value comparable to Powder
River Basin coaf? Trial switchgrass crops on former surfanéed lands in West Virginia are
presently being evaluated for yield. Generally, pilot s¢alts cefiring no more than 20%
biomass with 80% coal have been asse%sddverall, biomass represents a modest and
underutilized energy resource thiit became availableould theoretically, employing the mix
cited in these pilot studies supply tmw 20 percent of energy inputs for bdsad 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 linytential 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 @rmany, since our state lies roughly 12 degrees further south. Much of
Germanyo6s sol ar capaci t ylnTaafqFIThlavewas restiusttiredlinl ed s
2000. Additional incentives for solar installation could be considered in West Mifgin

5 presentation by MidVest Biofuels on October 28, 2009.
64 http://www.eesi.orgffiles/cofirig_factsheet_030409.pdf
85 http://www.worldwatch.org/node/5449#notes
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It should be noted that the city of Nitro has received monies fronththéJEPA to
conduct, in partnership with the West Virgini
to collect critical solar data to evaluate the potential for solar paleeelopment 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 swiar generation potential, as well as provide
valuable clean energy information for the Nit

Energy Efficiency

In its 2009 State Energy Efficiency Score¢drdhe American Council for an Energy
Efficient Economy rankedlVe st Vi rgi nia at 45 and included i
to i mprove. 0O Based on studies of this type sc
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 FeasibBtyjocommittee.

Maryland and Ohio both mandate that utilities have plans to reduce consumer demand by
15 % by2015. 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, imputiatoa
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 $/household), and lower CO
emissions by 6Mt.°® An energy efficiency bill has been introduced in th&st Virginia
legislature in 2009 and 2010 (HB 4012 for 201WB).the 2009 session, the aat Virginia
Legislature recognized the i mport anceaergypf ene
efficiency a$ methodsto be gsédefer ccompliance wh t he st at eds
established in the ¥stVirginia Alternative and Renewable Energy Portfolio Standard Act.

CO; Transport

Another potential alternative to CCS would involve the participation by West Virginia in
some of the various projects currentlging proposed involving the transport of captured @O
places where it may be considered to be a valuable commodityca&Cbe effectively utilized
and potentially geologically stored in enhanced oil and gas recovery operations. There are many
areas ofthe 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,CO

In addition almost any comercial 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
CO.. This could involve the construction of intrastate and potentially even intepgbaienes.
Thereare technical, legal, administrative and public safety issues involved that West Virginia
may need to address.

56 hitp://www.epa.gov/reg3hscdAifnewslette/2009-Fall/repower.html

57 hitp://aceee.org/pubs/e097.pdf?CFID=1338466&CFTOKEN=56457960

%8 Gold, R., L. Furrey, S. Nadel, J. Laitner, and R. N. Elliott, 2009. Energy Efficiertbg iAmerican Clean Energy and

Security Act of 2009: Impacts of Current Provisions and Opportunities to Enhance the Legislation. American Council for an
EnergyEfficient Economy, Report E096.
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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 mus be addressed to answer the question.,k&r$he actual economic cost of installing and
operating CCS feasible for facilities operating in the state. Seeomat impact would the
installation of such technology have on the overall economy of Weginia? And third, what
are thepotential impacts on the safety and health of the people of West Virginia and the overall
environmental integrity of the stat€hese areas are addressed in the next two sections of this
report.

Question 1: What factors needto 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 intasteof the state? A literatuteased 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-cavbon alternatives.

It should be noted that the ¢ssincluded in this section should be considereda as
comparison type analysis and should be viewed as representing the result of a specific set of
assumptions which may vary over tim&he subcommitteenvould like to caution those reading
this report thaeven comparative rankings listed herein may change as conditions evolve. As
discussed earlier CCS maiot be the least expensive af number of different means of
achieving some of the goals associated with a desire to reduce carbon dioxide emissions. Th
Feasibility Subcommitteawill continue to evaluatéhe need for CCS to be partbfh e St at e 6 ¢
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 @taféest 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 alternativeastic generating technologiedVe 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 indor it
is readily availableonsists oprojected 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 fégsilof 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 mgka 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 Inbrmation Administration Annual Energy Outlook 2009 and three studies prepared
under the auspices of the DOE/NETL. The first DOEstudyost and Per f or mance
Fossil Energy Plants DOE/NETL 2007/1281 Volume | Bituminous Coal and Natural Gas to
Ele c t r iRevil examined the cost of new electric generating facilities. The second DOE
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study: iCar bon Di oxi de Capture from Existdng Co
401/ 11&d&min@sahe cost associated with adding CCS to existing facilities. hifthe t

study: ACO, Capture Ready Coal Power Plants DOE/NETL 2007/1301 Final Report April

2 0 0 &amined the cost effectiveness of including in the original design of diemhpower

plant the capability to retrofit a CCS system.

The competing energy formsere 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 thr$ ae@ 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 perém 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 toshould 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 publishigdthe sudies are provided in Table Afar 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 costsra likely significantly higher.

In Table IV.A.1, the IGCC with CCS $/kW cost is listed at $3496/kWA companyis
planning to build a $1.75 billion coal gasification poweEctor County, TexasSummit Power
Group6s Tex asProject enlis rforit Forbe a g0gmegawattnet (560 MW gross)
integrated combined cycl@GCC) plant that is designed to capture 90 percent of the carbon
dioxide producd. According to a news release, the plant will capture 3 million tons gf CO
annually which will be used for enhanced oil recovery in the Permian Bassimgthe numbers
being proposed by Summit Power as current estimates for IGCC Construction (hard costs) with
90% CQ capture, thedatawould translate to approximatel\B$25/kW (gross) o4375/RV
(net).

Another proposed IGCC facility in Mississippi is expected to be in service in 2013 has a
total system cost of $3000/ with 50% carbon capture. This information is from Southern
Companyds public comment s

The costs of a nuclear power fityi as stated in the EIA report appear to be much lower
that the current estimates by utilities and others which are in excess of $803a0ntario
Hydro recently announced canceling a large Nuclear power plant project as the capital costs have
now exceded $10,0000WV. The capithcost estimate shown in Table 1V.Aid approximately
50% of the current low end estimate of the cost of an advanced nuclear plant currdatly un
consideration.

The reported capital costs for adding CCS to an existing PC @udliptlude the initial
capital for constructing the plants, and therefore are overstated.

% Federal Energy Regulatory Commission Increase Costs in ERtnkets (Staff Report) June 9, 2008.
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Cost figures in Table IV.A.flo not include the offsite capital costs of power transmission
or infrastructure, which could be substantial particularly for wind ahal 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 oblar 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 CS Note 4 5050
Notes:

1) Source: US Energy Information Administration Annual Energy Outlook 2009 except as otherwise
Cap Ex costs taken from EIA Annual Energy Outlook 2009 Assumption to the Annual Energy Outlog
Table 82 Cost and Performance Characteristics of New Central Station Electricity Generating Techng

2) Overnight capital costs including contingency factors, excluding regional multipliers and learning
Interest charges are also excluded. Thestsaepresent new projects initiated in 2008 expressed in $
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 intt
and Performance Baseline for Fossil Energy Plants DOE/NETL 2007/1284 Volume | Bituminous C
Natural Gas to Electricity Rev 1 August 2007 was used to determine the incremental cost of adding §
a PC unit as a percentage of the capital cost BE unit without CCS. That percentage was applied t¢
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 studydatdgrovided
in the CO, Capture Ready Coal Power Plants DOE/NETL 2007/1301 Final Report April 2008 was U
determine the incremental cost of adding a CCS to an existing PC unit as a percentage of the capital
new PC unit without CCS. Thaementage was applied to the capital costs of a new PC unit as defi
the EIA study to estimate the cost of an existing PC unit with CCS. The total cost is conservatively
the retrofitted PC unit would have a depreciated value with respeut twapital cost of a new PC unit a

thus the total capital cost would be less than the cost of a new PC unit and a retrofitted CCS as state
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TABLE IV.A.3
Ranking of Levelized Costs Wh

| L | |

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 Targsq
Price N/A 1139 |3 4
NGCC 79.9 1 115.7 |4
IGCC 103.5 3 1226 |5
New PC with CCS at DOE Targj
Price N/A 127.7 |6 3
Wind 141.5 6 1415 |7
New PC 94.6 2 1756 |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, excluddggnal multipliers and learning effects. Inter
charges are also excluded. There costs represent new projects initiated in 2008 expressed in $2007. Capit
shown before investment tax credits are applied where applicable

2) The levelized ast of energy (LCOE) of retrofitting a PC unit with CCS was not included in the EIA study.
increase in LCOE as a result of retrofitting a CCS was defined in Carbon Dioxide Capture from EXistHrgretio
Power Plants DOE/NET401/110907 (Final Repoi®riginal Issue Date, December, 2006 Revision Issue
November, 2007). The percent increase over the base case (no CCS) was applied to the base case LCOE
as defined in the EIA study to determine the incremental LCOE to retrofit CCSetasting PC unit. The LCOE of
retrofitted PC unit as stated here is conservatively high as the retrofitted PC unit would have a depreciated \
respect to the capital costs of a new PC unit and thus the LCOE would be less than the cost of aumiéwwith a
retrofitted CCS as stated herein.

3) DOE's goals ioCO, capture in combustion systems as stated in DOE document: Existing Plants, Emission and-C
Setting CQ Program Goals, dated April 20,2009 (DOE/NEZQ09/1366) are tbmit the maximum increase in LCO
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 vg
used to determine the LCOE irethable above.

Table IV.A.3presents 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 am@rotactors 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 capitadnd operating costs of the CCS.able 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 ira combustion process will not increase the LCOE by more that 10% and 35%
respectivel y. Therefore estimated LCOEG6s fo
reflected the achievement of the DOE goals.

In the study, the ranking of nuclear improveshathe 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 capitalcost estimateshown in Table A.lis 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 reqgad 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 witlretrofit 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 eabipomi
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 aagt 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 eachource, and its capacity for base load supply.

Study Scope: Estimating the Economic Impact of Implementing CCS in West Virginia

Second, in our consideratioof the costs of CCSyhat must we know before we can
estimate the impact that such a program wdwsle 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 Virginimsed entiers will not undertake the expenses
associated with CCS without being required to do so or being faced with a more expensive
alternative to reduceCO, emissions such as canmdtrade or carbon taxes. Because it
participates in regional markets for elédty 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 capitaintensive activity and most etters have little experience with it. While
the use of C@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 @S 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 fopsilvered electricity generan capacity will depend on
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growth in demand. In the next 20 yearsich new generatincapacity will be built to meetate
renewable portfolio standards, which emphasize the use of alternativeeaewable fuels.
Under the WestVirginia Alternative ad Renewable Energy Portfolio Standaelectricity
generated from coal with CCS count®owever,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 captued 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 thdrame of evaluabn the

more assumptions will need to be made about demand and technology.

Pending Legislation

Recent effortstowards carlon regulation havegenerally focused on either carbon
taxation or cap and trade. CCS is a stalwhe alternative if mandated or woudd incentivized
with a sufficiently large tax or very low cap on carbon emissions. If an imposed tax or the cost
of emission permits under camd trade in terms of costs per ton of emitted carbon is greater
than the cost of CCS, then affected industresy elect to do CCSlepending o 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
progresss 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 mdtgd. 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 emergakes 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 cdaSG&Sobn 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 simply pass along the cost of the tax or to
participate in caqandtrade, because a new industry will develop around CCS and with it jobs
and expertise. The traadf between the creation of a new CCS industry and the possibility of
forward shifting ofthe CCS cost would also need investigation.

Scale of Implementation

There are 14 or 15 coeéited power plants in West Virginia that would currently be
affected by carbon legislation. Carbon dioxide emissions from these plants amount to a little
more tharB6 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 plalitsapandtrade 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 kafected.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.

34



Current Projects

West Virginia is the site of several projects developing CCS Technology. A short
description of these projects is found on gé27. 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 amdsewhere provide
valuable informatiorbut theyare only the firsbf severakteps 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 implementatiorf €CS. The primary costs of CCS will be borne by doed
power plants. Primary Impacts:

Higher electricity prices for residertial, industrial and commercial consumers

The estimated costs of CCS vary by type of generator. Capture can take placeogte or p
combustion, with pr&ombustion 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@udtustion. 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 dents.fer

Because West Vi r gi98 peeénscoatdnd atherrstatesiintthe regionx i s
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 @proportionately reduce disposal income for households. Correlated federal
incentives to induce energy efficiency investment for all sectors and to reimbursectome
households will offset some of the negative impacts and could cause some manufézturers
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 afatfired electricity Based on its
overall generation mix, West kginia exported nearl86 million MWh of coalfired electricity
in 2009, more even thanPennsylvania the largest std¢eel exporter of electricity and more
than Texas, the largest stdéeel producer of codired electricity. .”* Electricity exports
contribute to low electricity prices for WV customers. While it is expected thaficeadlpower
generation in WV will need to be maintainechatrcurrent levels for at least 20 years, the long
term generation mix could be significantly different. Garbcapture at a power plant also
requires diverting a porti on reducing theeampuhtaoht 6 s
electricity thatcan be delivered to customers.

Changed sourcing of coal for power generation

The cost of carbon capture cowldange the origin of coal supply as some regional power
plants may choose to substitute cheaper-Bow or other coal for West Virginia coal. Sub

®Presentation by Mark Dempsey of Appalachian Power at the AE
2009. It is uncertain what technology cost assumptions are incorporated within these figures.
M US DCE, EIA. 20® State Electricity Profiles.
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bituminous <coal from Wyomingds Powder Ri ver
compettive prices andVV power plants with new pollution control technologies can purchase
cheaper coal from areas like the lllinois Basin. On the other hand, IGCC technology is not
compatible with PRB coal which greatly reduces the dpions 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 carba. For example, when CCS is linked to enhanced oil and gas recovery, the economies
improve. The most similar existing industry to a Gfansport and storage industry is probably
drilling 7c;il and gas wells. Studies estimate the cost of transport andesti@@, at around $15
per ton.

Transportation costs

One critic of CCS has contended that the transportation of CCS must be included in any
feasibility considerationS. While most attention has focused on capital and storage costs the
expense oMmoving the amount of carbon from the place of generatmthe site of storage is
formidable. While stating the CCS is inefficient as it consugiestricity to captureemissions
requiring the buming of 25 percent more coals to gain the same amount of eleatpat. The
critic states:

The harder challenge would be transporting and burying all of thisgnegsure

CO,Coll ectively, Americads coal fired power
year. Capturing that would mean filling 30 million barrels Witjuid CO, every

single day about 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 produdfs

The author feels neither the engineering or finangales 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 carsmagriored in
feasibility calculations. In West Virginia CCS will require both irdtate 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 fgdlars to
implementation and the percent of carbon captured each year in the interim are important

23, 7. Dool ey, R. T. OmTheoLonglkeir,m CAv elLr.a gbea v odssto no,f AQB2 Tr ansport

Department of Energy, Washington, DC, March 2868://www.pnl.gov/main/publications/external/technical_reports/PNNL

17389.pdf

ZjMei gs, J.B. (Feb. 2010) AThe M¥$prth of Clean Coal o Popul ar Me
Ibid. 52
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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 nuclaeaits will be built. The phasing of
implementation can also be influenced by the availability ant cdslternative fuels.

The net effect of higher generation cost and less generation will depend on the timing of
CCS implementation, demand response& anher 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 letegm health impact from reducing carbon emissions.
Will WestVirginia 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 reviethe 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 fuelslon§oas CCS is cost
competitive with these substitutes tled 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 hasalben accomplished on CCS
by them. In addition there have been major studies by university based and private research
organization&. That work will be incorporated into the analysis.

Statement of assumptions

For any analysis to proceed, certain lsgumptions 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 thae$WVirginia electricity is primarily exported
to usersout of state, all assumptions must be region wide and not limitedetst Witginia.
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 coabtgthelectricity
The costs and availability of alternate fuels

Uses and markets f@0O,

Public policies regardinGO,

S For a summary see: Kentc. A. and Truex, E.Ia(sh 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 oler 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 tarthéseuhlthemi t ed
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 ersive reviewand commenprior 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 ohe 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

Thefeasibility of implementhg CCS in West Virginia depends on the relative impact of
doing so in the region. Other states in the region will alsaafifectedand have different
resources that can be used to meet the requirements of CCS. Isolastgiyiniabs s har e o
the impactswill require developing 20 to 49ear assumptions related to market share of power
generation, coal productioalternative fuelproduction energy efficiencyand thecomplexities
of theindustry of carbon storage itself. Assumptions regarding technalodythe timeframe of
implementation are equally important. Considering the importance of coal toebig/iginia
economy an analysis of CCS impacts would provide important information for both industry and
government.The subcommittee on feasibilityecommends 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 fators 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 grouatdr; 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 useceases in other air
emissions.

Three avenues of release of €@ the surface where it can present a human hazard are
pipeline leaks, well leaks and seepage througlsthbsurface to ground level.

Asphyxiation

CQO; is heavier than air and when concentrated it can pool near the groundgidgspla
oxygen. Proper siting, construction, maintenance and monitoring afigjection 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 pipelingkl®ccur out in the open, the glkely
would disperse quickly enough as to pose minimal risk of asphyxiation of human and animals.

Explosiveness

Unlike natural gas, CQOis not flammable. However, in order to maintain the
supercritical or dense phasetstait is transported under high pressures. A sudden release of
pressure due to a pipeline puncture would be
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 efti@@sport pipeline
are already in place in the U.S., and during the period-29940 6 |, 18 fAincidentso
fatalities or injuries $ee Table IV.B.B Basel on historical data, the probability of injuries and
fatalies from CQ pi pel i ne Ai ncident so appears mu ¢ h
transmission pipelines. Still, extreme care should be taken in decisions as to siting of pipelines,
operation of tk 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 groundater quality arise from the potential for €@ mobilize organic
or inorganic compounds, acidification and contamination by trace compounds in fis¢r&xn,
intrusion of native saline groundwater into drinking water aquifers, and the potential faDthe C
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 cafobed inSection 1V.B.

Effects on plant life

Elevated levels of COin 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 occursProper siting, construction, maintenance and monitoring ef CO
injection wells is vital to avoiding leaks into soil. See SectdB regarding injection well
construction.

Seismic activity

Proper siting of C@storage reservoirs and proper injectiongadures 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 ficarbon neutral 0°7?

The goal for carbon capture from stationary sources is 90 percent. Modeling of IGCC,
NGCC and pulverized coal (PC) techogy’® shows capture from gross power output (see
Tables A.4 and A.5hetween 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).

I's

What is the likelihood the CO,wi Islt afy put 0 after i tbés injected?

If it does not, then all our efforts and expense are for nauBleigarding retention of
sequestere€O,,the | nt ergovernment al Panel Olservatonsi mat e
from engineered and natural analogues alb agemodels suggest that the fraction retained in
appropriately selected and managed geological reservoirs is very likely to exceed 99%0over
years ad is likely to excee®9%overl , 000 “‘vear s. 0

Impact of capture technology on power generation

The amaint of energy requiretb powercarbon capture&quipment 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 povgézaior
turbine$®. 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 teolgychnd 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 consumptiorctonpensatelecreases the efficiency of coal plants
by an amount ranging from 14.9264 22.14% or IGCC technology and 30.43%3th34%for
pulverized coakechnology (see Tables IV.A.4 and IV.A.5If CCS is employed on a large
scale, therefore, significaadditionalamounts of coal may be consumed to maingdéctricity
generatingoutput If the additionakoal consumptioms focused orpulverized coatechnology
instead of IGCC technologyhe amount of coal required is expected toease by more tima
42% (Table IV.A.5. This will result in a concomitant increase in epghted environmental,
property and human health effects; these include, but are not limited to, water pollution, land
degradation, loss of ecosystem services, flooding, generdtisiuroy from the processing of
coal, damage to roadways from heavy coal trucks, and coal ash disposal.

" NETL, 2007, Cost and Performance Baseline for Fossil Energy Plants. DOE/NETL 2007/1281 atFound
http://www.netl.doe.gov/eneregnalyses/baseline_studies.html

TIPCC, 2005: IPCC Special Report on Carbon Dioxide Capture and Storage. Prepared by Working Group Il 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.

"8 bid 71, see exhibits-38 & 3-34, 351 & 3- 67, 384 & 3-100, 47 & 4-17, 428 & 438, 57 & 5-17.
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Increases in water requirements

Tables IV.A.4 and IV.A.5show that CCS is expected to increase water requirements for
coal plants by an amount rangimgr 10.06% (Conoc@hillips IGCC) to 126.95% (subcritical
PC).

Effects on other air emissions

Tables IV.A.4 and IV.A.5salso show that, while CCS will result in decreased emissions
of SG, and NQ at IGCC plants, emissions of NOparticulates and mercury Nvincreaseat
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 materialgemeration oby-products due to
installation of Carbon Captusgjuipment®

Changes due to installation of Capture Equipment

General Conoco Shell

Electric Phillips Glopal Subcritical | Supercritical NGCC

Energy E-Gas™ | Solutions PC PC

IGCC IGCC IGCC
Gas Turbine/Steam Turbine Power
kWe -290 -30 -400 96,608 83,185 0
Sweet Gas Expander PoviekWe -870 - - - - -
Steam Turbine PowdrkWe -24,230 -48,640 -54,065 - - -50,110
Total Poweii kWe -25,390 -48,670 -54,465 - - -50,110
Total Auxiliariesi kWe 59,185 56,460 64,250 97,440 87,340 28,360
Net Poweli 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 Feedlb/h) 10,745.0 | 13,966.0 | 20,556.0 | 208,890.0| 175,345.0 0.0
Thermal Inpufil KWt
Raw Water Usagem®/min (gpm) 575.0 378.0 771.0 7,886.0 6,718.0 2,168.0
SO, (Ib/MWh) -0.019 -0.022 -0.004 Negligible | Negligible | Negligible
No, (Ib/MWh) -0.040 -0.033 -0.025 0.164 0.143 0.006
Particulates (Ib/MWh) 0.003 0.005 0.007 0.030 0.027 Negligible
Hg (Ib/MWh) 0.3x10° | 0.4x10° | 05x10° | 2.7x10° | 2.4x10° | Negligible
CO,(Gross) (Ib/MWh) -1,305.0 -1,263.0 -1,260.0 -1,555.0 -1,472.0 -697.0
CO,(Net) (Ib/MWh) -1,549.0 | -1,477.0 | -1,459.0 | -1,608.0 -1,519.0 -704.0

" NETL, 2007, Cost and Performance Baseline for Fossil Energy Plants. DOE/NETL 2007/1281. Found at:

http://www.netl.doe.gov/enereggndyses/baseline _studies.html
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TableIV.A.5

Percent change in power generation, consumption ofrraterials and generation of by
products du¢o installation of Carbon Capture equipment.

Changes due to installation of Capture Equipment

General Electric Conoco gn'"'ps Shelll Qlobal Subcritical | Supercriical
Energy IGCC E-Ga Solutions PC PC NGCC
IGCC IGCC

Gas Turbine/Steam Turbine
Poweri kWe -0.06% -0.01% -0.09% 16.56% 14.34% 0.00%
Sweet Gas Expander Povier
kWe -12.20% - - - - -
Steam Turbine PowerkWe -8.11% -17.47% -19.04% - - -25.05%
Total Powefi 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 Poweii 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
(Ib/h) 2.19% 3.01% 4.54% 47.72% 42.63% 0.00%
Thermal Inputi KWt
Raw Water Usagem/min
(gpm) 14.36% 10.06% 20.33% 126.95% 123.47% 86.31%
SO, (Ib/MWh) -20.21% -24.18% -4.55% Negligible | Negligible | Negligible
No, (Ib/MWh) -9.85% -7.62% -6.05% 26.75% 24.70% 10.00%
Particulates (Ib/MWh) 5.66% 9.62% 14.00% 26.32% 25.23% | Negligible
Hg (Ib/MWh) 7.14% 9.52% 12.50% 27.00% 21.28% | Negligible
CO,(Gross) (Ib/MWh) -89.44% -86.98% -89.43% -87.36% -87.57% -89.02%
CO,(Net) (Ib/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 steppréwide incentives for the
deployment of CCSTechnology in West Virginia obviously must come subsequent to
determining whether or nothis technology isfeasible. However, in advance of that
determination, the Legislature has tasked the Working Group with researching plausible
incentives.

Regulatoy 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 sequesterech@@ 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,-agendyi team
should be formed to address all issues fpeamit 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 carboamdfrade 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 finasgigthace 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 Wagginta 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 exure geologic storage that results in a 50% reduction in annyae@iSsions.
The West Virginia Alternative and Renewable Portfolio Standards Act, promulgated in 2009,
places a mandate on the electric industry to utilize renewable and alternativeafaedoes
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 Reinvestiat (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 technolbiggre was also
money made available for an fANadvanced energy
credit for investment in property designed to capture and sequesteasQ@art of a qualified
advanced energy manufacturing project. After consulkiitlg the WestVirginia Department of
Tax and Revenue to explore whether a similar property tax credit éstWifginia is feasible,
the Working Group has learned that there are many tax credits available in West Virginia for
R&D, business expansion, amwbllution 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 federakmcentiv

Rate Incentive

The PSC is currently directed to provide rate incentives for clean coal technologies which reduce
SO, and NQ emissions via the following law:

§24-2-1g. Rate incentives for utility investment in qualified clean coal and
clean air control technology facilities.

(@) 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
Statesis currently considering legislation to limit the emissions of oxides of
sulfur and nitrogen from codired electric generating plants; the continued use
of coal for generating electrical energy can be accomplished in an
environmentally acceptable manrtrough 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 theicoed 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 firding 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 rateaking allowances for electric utility
investment in clean coal and clean air technology ifesl 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
seventyfive 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 appropyiatke
commission, the extent to which any electric utility investment or purchases of
power qualify for incentive ratemaking pursuant to this section.

The Working Group suggests that a bill be propdkatiadds CCS technology to this law.
Pre-qualifying Storage Sites
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APgeal i fyingo storage sites would entail
and ensure the viability of potential sites as locations to sequester &y factors would be
considered such as topography, infrastructur@loggy, 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. Thigprocedure will be further investigated by the Feasibility Subcommittee.

IV.A.7. Property Taxation and CCS

The Workng Group has not considered the property tax implicatidasy, of either the
stored CQ or thevalue of the right to use the pore spamreCO, storage.

IV.A.8. Conclusions

1. The timeline for requirements to restrict the emissions of greenhouse
gases is, at present, uncertain. However regulation at someimpaoire
next few years is near certainty.

2. The task of reducing greenhouse gas eomssto 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 lifstyle 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 Sequestrati®one of many tools that can be used
to meet the goals of reducing carbon emissions. Thela@went 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 etec 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 Geolog & Techrology Subcommittee was asked tocus onthreequestions posed
in the legislationidentifying monitoring dies for geologic sequestratioi.Va. Code822-11A-
6(h)(5) assessing the feasibility of carbon dioxisequestration inW.Va. Code 822-11A-
6(h)(6), and assessing the potential carbon dioxide estrption capacity in the staW¥.Va.
Code 822-11A-6(h)(8). All three subcommittees were asked to address three other questions
posed in the legislation: assess the economic and environmentallitgasibarge, longterm
carbon doxide sequestration operationsVa. CodeS22-11A-6(h)(2), identify areas of research
needed to better understand and quantify the processes of carbon dioxide sequééivation
Code82211A-6(h)(9), and outline the workig g r o utpri strategy forghe regulation of
carbon dioxide sequestration in West VirgiMaVa. Code822-11A-6(h)(10). The Geology &
TechnologySubcommitteeworked in conjunction with the Legal (®committee to outline a
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response to question 10, theo r ki n g g +#teoruspraiegy fdr the igggulation of carbon
dioxide sequestration in West Virginia. alldressed several technical questions referred to it by
other subcommitteesWest Virginia has a history of oil & gas and coal production and both
indicate the potential for sequestration of capt@&H in depleted oil & gas reservoirs as well as
in unmineable coal seams. Even more important for poted@alsequestration is the storage
potential in saline formations or reservoirs which represbetween 68 and 89 percent of the
total storage potential in West Virginia (Table IV.B.9hitial estimates of the geologic storage
capacity for carbon dioxide in West Virginiat 90 percent capture ratessiggest that there is
between74 years and®27 year§® of injection for the annualcarbon dioxideemissions from 27
sources in West VirginigTable 1V.B.10) The Midwest Regional Carbon Sequestration
Partnership (MRCSP) has identified several stratigraphic horizons that may have potential for
sequesttion®  Their work, along with the other six Regional Carbon Sequestration
Partnerships, is combined into the NATCARB databddeesevalues for storage potentiadill

be revisedas additional information is obtainedgarding thesuitability of geologicformations

for sequestering capturé&zi,.

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). HE®A 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. Compliae with Subpart RR provides USEPA with the data it needs to
confirm that sequestere@O, remains in the reservoir. Working together, both sets of
regulations will require gablishment of amonitoring, verification and accounting (MVA)
system per NETL temninology or a Monitoring, Reporting and Verification (MRV) plan per
Subpart RR, to confirm the position of t68€, 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 oand corrective action, monitoring
and testing, injection well plugging, pesiection 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 stamda for Class VI permits are now known. Will now be
necessaryto provide appropriate legislation and supporting regulations at the state level that
address regulatory gaps not covered by Federal regulations. It epalspriatdo develop the
necesary expertise within state agencies oversee this developing regulatory framework and
growing industry

Assessment of the riskssociated witlstoring carbon dioxide is necessairyd essential
in developing suitable operation plans and provide fomfired responsibility USEPA requires
financial responsibility for corrective action, injection will plugging, pogection site care and
site closure and emergency and remedial response. These financial responsibility requirements
dovetail with the opmations 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 Cahadadition. Found at:
http://www.netl.doe.gov/technologiestbon_seqg/refshelf/atlaslil/index.html

8lwickstrom, L.H. et al., 2005, Characterization of Geologic Sequestration Opportunities in the MRCSP Region, Phase | Task
Report Period of Performance: October 2@ptember 2005, DOE/NETL DES2605NT42255
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It is also important to assess risks associated with transportation of capyadross
West Virginia toCO, storage fields, either in state or in anothes t at e . Since the
carbon dioxide has been transported and injected into the subsurface for the purpose of enhanced
oil recovery. Although this network @O, pipeline and EOR fields is the most extensive such
network in the worldit 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 litefatalegyous
areas of experience such as natural gas transportation and storage, underground injection of
wastesand EORsuggest that carbon dioxide can ladety transported and stored. It does not
imply that accidents will not happen. Should climate legislation be enacted requiring reduction
on CO, emissions, the scale of transportation and injection @tucad CO, 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, lorigrm
carbon dioxide sequestration operations [§221A-6(h)(2)]

Sequestration of captured carbon dioxide is a “emg effort in locating and
characterizing a suitable location, gaining the necessary permits, injecting then@tXoring
this injection to assure seggtration, monitoring poshjection to assure sequestration and then
long-term stewardship to assure sequestration. This whole process is illustrated in Figure I1V.B.2
and incorporates recent regulations published for Class VI injection wells to asstectipn of
USDWs and Subpart RR to assure the @f&cted for sequestration remains in the reservoir.

Sequestration of captured €@ the opposite of producing oil & gas. Both involve a
reservoir with porosity, the storage space, and permeabiléycdahnection between pores. Oil
& gas production is a pressure depletion process removing the oil & gas from the pore space but
CO, sequestration will increase the pressure of the reservoir, pushipgnt@Cavailable pore
space. It is this increase imegssure that is the challenge of carbon dioxide sequestration.
Elevated reservoir pressure will move captured, @®@ough 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 posinjection site care because it believed that this was the necessary time needed for
elevated formation pressures to return to original in siturvesepressures, establishing ron
endangerment. The operator can, per regulations, request a shorter timé&period.

IV.B.2.a: Economic Feasibility of Saline Carbon Dioxide Sequestration

Saline storage provides the major opportunity in sequestering c@@e The cost of
sequestering captured @@ 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 tonn& Earlier modeling calculatesequestration costs between $0.05 and $8.00

82 Fedeal Requirements Under the Underground Injection Controlf® Program for C@Geologic Sequestration (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1&éderal Register(75)237, December 10, 2010, p. 72248, 77230, 78534
7724446. Retrieved o February 8, 2011, from http://www.gpo.gov/fdsys/pkg/HIR 0-12-10/pdf/201629954.pdf.

83 [hi

Ibid
84 IPCC, 2005: IPCC Special Report on Carbon Dioxide Capture and Storage. Prepared by Working Group Il of the
Intergovernmental Panel on Climate Change [MBtzO. Davidson, H.C. de Coninck, M. Loos, and L.A. Meyer (eds)].
Cambridge University Press, Cambridge, United King@md 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 resenfBir. At the 10" Annual CCS Conference in Pittsburgh, John
Tombari of Schlumbegger Carbon Services, during a presentation on storage costs, said that 100
Mt of captured C@can be sequestered for between $5.00 and $10.00 per*fofihese values

do not include financial responsibility or transportation and only represent abo@O5trcent

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: Carlon Capture and Sequestration cost components

CCS Technology NETL? Global CCS Inst | IPCC
Component (2007) (2011) (2005)
Capture: SubcriticatPC 68
Power SupercriticalPC 68 62-81
IGCC 32-42 67
NGCC 83 107
Oxy 47-59
Capture: Steel- Blast Furnace 54 18
Industry Steeli 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 | 05-8
All costs are $/tonm
17 NETL, 2007, Cost and Performance Baseline for Fossil Energy Plants
271 Global CCS Institute, 2011, Economic Assessment of Carbon Capture and Storage Technologies
31 IPCC, 2005, Carbon Dioxide Capture and Storage

A considerable amount of work testablish C@ 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@ual 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 plgggmostinjection 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 frohese wells, new-8® 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 remedi&n, the corrective action done during injection operations. The right to inject
captured CQinto the reservoir pore space will have to be secured prior to application for a

8 Global CCS Institute, 2011, Economic Assessment of Carbon Capture and storage Technologies.
% preentation at 10 Annual CCS Conference, May® 2011, Pittsburgh, Pa.
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permit. More than enough acreage will have to be secured to provide suffi@ahextent of

the CQ 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 GQ(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 $100,008qoare mile to acquire-I3
seismic and $3,000,000 to drill and log an evaluation well plus 30% of these costs for data
processing, modeling and other sen/iéesHe estimates that one well will evaluate 25.mit
should be point out that seismic coverags to extend beyond the boundaries ofGfe plume,
or potential reservoir, to provide good data imagining. With Seismic and one new well with
modern data, characterizing a storage field bounded within 25 square mile area will cost a little
over $7000,000. 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 baspliogsing
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 characterizatiocost 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 witleeitexpectations
and will have to be abandoned for another site. In their modeling they assumed a
characterization cost of $60 million. The hi
study suggests a 17 percent success<tataking a globaperspective, the International Energy
Agency (IEA) looked at CCStorage costs with respect to meeting the goal of having 20 large
scale CCS projects active by 2020. Their <cos
with an average of 030 million. At thre curre
$13 million to $117 million with an average of $43 millith.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 estimdtbatween 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 sequesteti®§ million tonnes ofcO, 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, diven by MVA activity and tracking th€0, plume.

Early developers fo€O, 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 €lransportation by Pipeline and Storage in Saline Aquifers and Oil Reservoirs.
PhD dissertation, Carnegie Mellon University, January, 2008.

8 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%200f%20Carbon%20Capture%20and%20Storage%20Technologies_0.pdf

89|EA, 2011, Glotal Storage Resource Analysis for Policymakers, IEA CCS Costs Workshop, Paris, M@&H2221. Found

at: http://www.ieaghg.org/docs/General &9EAGHG_Presentations/Gap_Analysis_IEA_CCS NW_Marll_v2.pdf
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oil and gas indusy use to be in the 10 percent range. This improved to thehintg percent
range with the development off3seismic.

Completion of the five plans required for permit application (Table IV.B.2) will drive site
characterization costs. The size of frea of Review is critical as this is related to the size of
the CQ plume. The areal extent of the €@ume will indicate the amount of acreage needed to
secure pore space rights, the extent of the MVA network, the extent of seismic needed, the
numberof old wells that will require remediation under corrective action, and the number of
monitoring wells. Permeability and the volume of {0 be injected daily will determine the
number of injection wells so the required injection well plugging plan legively straight
forward. The overall MVA network and number of monitoring wells required will be explained
in the monitoring and testing plan. The pipgéction site care and site closure plan will be
based on the other plans and is required to bataddfter the injection operations cease prior to
postinjection 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 planwill 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 revisibnsquwire 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 aspef 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 selfinsurance, the net worth of the operating company or owner must ber ¢gheates100
million.*® The Wyoming Carbon Sequestration Working Group estimates that $77 million would
cover the financial responsibility in sequestering about 60 Mt of @@r a nine square mile
area (Table IV.B.3j* This estimate does not include catiee 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 Séenario.
Rounding up to one million, them&ncial 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
financ i a | responsibility in Wyomingds analysi s
Which financial instruments are used to cover this portion of financial responsibility will have an
impact on sequestration costs.

% EPA, 2010, Underground Injection Control (UIC) Class VI Program, Financial Responsibility GuidBnag. Office of

Water (4606M, EPA816-D-10-010,December 2010Found at:
http://water.epa.gov/type/groundwater/uic/class6/upload/uicclass6financialresponsibilityguidancedec2010.pdf

%1 Report and Recommendations of The @arbequestration Working Group to the Joint Minerals, Business and
Economic Development Committee and the Joint Judicial Committee of the Wyoming State Legislature, September,
2009. Found atittp://deq.state.wy.us/out/downloads/1%20FinalReport081909.pdf

92 EPA, 2010Cost Analysis for the Federal Requirements Under the Underground Injection Control Program for Carbon

Dioxide Geologic Sequestration Wells (Final GS RuBfice of Water (606M, EPA816-R10-013, NovembeR01Q Found at:
http://water.epa.gov/type/groundwater/uic/class6/upload/uiccdgsistarfederalrequirementsunderuicforco2nov2010.pdf
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Regional evaluation for
a specific site

1. Regional geologic
evaluation to identify
several prospective areas
for storage operations

2. Data research —
geologic, geophysical,
engineering, financial &
social

3. Estimate of volume of
emissions to sequester
and pore space needed
over project life. Value of
storage efficiency?

4. Begin to assemble
acreage block. Will need
more acreage than
actually used +30 yrs
later. Hopefully first site
selected will prove
correct.

0.5to 1 year

Site selection &
characterization

Negative Cash Flow

5. Assemble data; acquire
new data; drill new well(s)
& acquire seismic;
establish data baselines;
get necessary permits

6. Finish assembling
acreage block.

7. Prepare plans'
required for UIC Class VI
and state permits. FEED
for injection wells, surface
and MVA grid.

8. Assemble financial
responsibility package?

Permitting

9. Submit all plans and
financial responsibility for
permit application — UIC &
State

10. Director approves
drilling of injection wells.
PSC awards CPCN if
needed. State (DEP)
approves site permit.

11. Drill injection wells,
incorporate new data in
plans and present to
Director.

12. Director approves
injection. Have 180 days

for UIC and state permits.  to submit MRV plan per
Subpart RR regs.
3to5 years

PSC - Public Service Commission

CPCN - Certificate of Public Convenience and Necessity

P&A - Plug and Abandon

Director — EPA or State if primacy is assigned

Operations

Positive Cash Flow
Injection Fee

13. Finish construction of
surface facilities and MVA
grid; Tie injection wells to
CO, supply.

14 Inject Captured CO,,
annual MIT for injection

wells; well workovers as
necessary.

15. Drill additional
monitoring wells and
remediate existing wells
as necessary as plume
expands. Well workovers
& equip. maintenance as
necessary

16. Follow all plans; AoR
review every 5 yrs, annual
reporting. Pay into to
fund for LT Stewardship;
P&A injection wells, some
financial responsibility
instruments released.

30 to 50 years

1- Plans: Area of Review (AoR) and corrective action plan
Testing and Monitoring plan
Injection well plugging plan
Post-injection site care (PISC) & site closure plan
Emergency and remedial response plan

Table IV.B.2: Sequence of operatiorgthges for £0, sequestration.

Post-njection
Monitoring

Negative Cash Flow

17. Present PISC & site
closure plan to Director;
apply for reduced time
period

18. Follow PISC & site
closure plan, periodic
testing and reporting.

19. Establish non-
endangerment; closure
approved; P&A all wells &
restore site(s).

20. With closure of Class
VI permit, Director
releases financial
responsibility instruments.
State (DEP) awards
Certificate of Completion
& assumes long-term
stewardship.

10 to 50+ years

Long-term Stewardship

Trust fund covers costs

21. Another entity accepts
long-term stewardship

22. Operator & other
parties relieved of liability
unless negligent, etc.

23. Other entity oversees
trust fund, pays site costs,
settles all claims

Rest of Civilization

2 - Financial Responsibility for:

Corrective action

Injection well plugging
Post-injection site care & site closure
Emergency and remedial response
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Corrective action may present a challenge for sequestration operations in West Virginia.
Average well density, by county, in West Virginia varies between less than one well per square
mile to just over 29 wells per ggre 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 ¢RR 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 sequestmatis 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 categorie

Million $ Type of Responsibility USEPA
29 Extensive relief well & water treatment mitigation
Water Quality contamination during the fluid pha&ginking water
15 replacement
A single large release to the surfaceief well mitigation Emergency
Chronic lowlevel releases to surfateelief well mitigation & Remedial
10 Entrained contaminant releasggimp back and treatment systems| Response
Storage rights infringemeiitelief well mitigation
5 Modified surface topographistructural denages
5 Accidents or unplanned everitsurface cleap
55 Total
5 Well plugging and abandonment (for 3 well field, each injection W
has 3 monitoring wells) Iniection
2 Facilities/pipeline D&D/abandonment Wéll P&A
2 Surface disturbance racnation
6 Total
9 Postlnjection Monitoring (15 yrs)
1 Postlnjection inspection and maintenance
2 Contractor contingencies for site closure & reclamation (15%) PISC & Site
1 Field Management Closure
1 Unknowns for site closure & reclamaiti (10%)
16 Total
Corrective Actiori remediate old well bores Corrective
i Action
77 Total for Financial Responsibility

% 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 ingévity and an inability to assemble sufficient acreage. Doesa CO
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 -B seismic may indicate a m@woir of sufficient areal
extent that new -B 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 €8lorage project ardiscussed further by the Legal Subcommittee.
After development of C@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 reservoirdn 2008, there were 401 active natural gas storage fields: 34 salt
caverns, 43 aquifer and 324 depleted oil & gas fi&ldEotal amaint of gas in storage, 5.9 TCF,
represents about 120 million metric tons (assuming pure methasightly more than the 102
million metric tons of annualO, emissions for West Virginia. As the numbers suggest, aquifer
natural gas storage is much lessidable than depleted oil & gas reservoir storage. Depleted oll
& gas reservoirs are known traps. Development of aquifer natural gas storage has a few
drawbacks.  Itsgeological 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),essmicdata may be required to confirm the structural configuration of the trap
and injectivity test may be necessdty’ It can take up to four years tevelop an aquifer
natural gas storage field, twice the time needed for a depleted reSmwit,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 aquiterage 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, requiredligplace formation waters and represents higher storage
efficiency, approaching 100 percent, than what is expectegd@pstorage (Table 1V.B.9). This
is necessary to create the bubble and provide for high delivery rates when the stored gas is
produced ad shipped to market. The high pressure nature of natural gas storage is the main
cause of leakag®. 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 collectds welrecover natural
gas that has escaped the reserf8ir.

% EIA, Underground Natural Gas Storage Capaditip://www.eia.doe.govitav/ing/ng_stor_cap_dcu_nus_a.htm
% 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 [hi

Ibid

7 Storage of Natural Gas, fod at:http://www.naturalgas.org/naturalgas/storage.

®_Lawrence Berkeley Natural |l aboratory article on fARel evance
CarbonDiox deo by Marcel o J. Lippmann and Sally M. Benson.

99 i

Ibid

10 storage of Natural Gas, found at: http://mww.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
discoveredin 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 caprockhe Manlove Storage Field i@hampaign
County, lllinois 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 sandstont 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.

Under the Statutory and Executive Order Review section of therfileafor Class VI
wells, USEPA determined, per the Regulatory Flexibility Act (RFA) that sequestrat©®.as
prohibitively expensive for small entiti®é A reasonable conclusion considering that for an
operator or owner of €0, sequestration operah to utilized self insurance in compliance with
financial responsibility must have a net worth greater and $100 million.

IV.B.2.a.1: CO,-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
other EOR methods but the use of £6© the most common. GE&EOR productionis now
applied to fields in Wyoming, Colorado, Oklahoma, Michigan, Mississippi and Louisiana. At
the 8" Annual EOR Carbon Management workshop in Houston, Texas, EOR was presented as
the market mechanism to drive deployment of CCS technology.

About halfof the CO; injected for EOR operations is trapped in the reservoir, essentially
sequestered CO, recovered by production is recycled, reinjected into the reserfRvgsently
most of the CQ used by EOR is from natural sources with the balance frohrapugenic
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 airstudy done for NETI®®, 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
where76 percent of the fields favorable for EOR are located. Only about 4 percent of potential
EOR resources are considered to be recoverable from the Hitidisgan-Appalachian Basins
where 13 percent of the favorable reservoirs are located. The oppoftmEOR in West
Virginia needs to be examined. The opportunity to export capturedv@§&ward to the EOR
market is norexistent at the moment due to lack of available pipeline connections. The longest

101 Midwest Geological Sequestration Consortium, 2005, An assessment of Geological Carbon Sequestration @ptions in t
lllinois Basin, Phase | Final Report. Found at: http://sequestration.org/publish/phasel_final_rpt.pdf

192 Federal Requirements Under the Underground Injection Contrel{EiR Program for C@Geologic Sequestration (GS)
Wells (40 CFR Parts 124, 144, 14516, and 147)-ederal Register(75)237, December 10, 2010, p. 72248, 77230, 7-B534
7724446, 77288. Retrieved on February 8, 2011, ftdgtp://www.gpo.qgov/fdsys/pka/FR01012-10/pdf/201629954.pdf

103 NETL, 2010, Storing C®and Producing Domestic Crude Oil with Next Generation EOR Technology: An Update.
DOE/NETL-2010/1417
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CO, pipeline is the Cortez pipeline at about 58les!® Denbury is conducting a feasibility
study for construction of a COpipeline from lllinois/Indiana south to Mississippi or
Louisiana'® The northern end of this pipeline may be within a reasonable distance of West
Virginia sources. When this oppunity will be available is another question,

Figure 1V.B.1: Distribution of potential EOR oil resource recovery.
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104 Report of the Interagency Task Force on Carbon Capture and Storage. Found at:
http://fossil.enagy.cov/programs/sequestration/ccstf/CCSTaskForceReport2010.pdf.
10 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 Resewirs

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 feétpieessealing fault, bya flexure in the
sedimentary formation creating a closed high (for example an antjcliyep change in
sedimentary environmenfr by a sandstone depositional environment changes to a shale
depositional environment. A key component tbfs 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 tiple 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 ydrocarbon reservoirs within one geologic formation and
among multiple geologic formations is illustrative of the potential fop €€yuestration (Figure
IV.B.5).2%® The eventual number O, storage reservoirs in West Virginia will be considerably
less alhough 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 idiggnetrated the
Silurian or deeper (see Table IV.B.4). There is potential to sequester capturedtic@e
potential for multiple seals, either above or below the Deve8iamian boundary.

The boundary of a hydrocarbon reservoir is defined bytrtye 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 pressureduced, but the boundary that defined the limits of
the porosity and permeability for a producing reservoir do not change. For sequestration of
captured CQin a saline reservoir the extent of the reservoir, its porosity and permeability, are
not krown 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 upattiop, the CQ@ plume in the
reservoir wild@ expand and reservoir pressures
boundary is required to assure it is migrating in an anticipated manner as the operator gains
knowledge of the reservoir.

1% pata from West Virginia Geological & Economic Survey
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Figure IV.B.2: Occurrence of hydrocarbon reservoirs in
section

the West Virginia geologic
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Siting of multiple CQ storage reservoirs will require regulatory oversight to avoid
potential interference of one or more storage reservoirs in the same geologitdorm

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 rewdvkattover)wells,
improperly abandonedr unmarkedwells or a geologic patsBuch as a fault or fractures or a
combination A well failure appears to be one of the more likely causesaéase oCO, from
underground storage.Pipeline failure presents ametr possibility of release ofO, to the
atmosphere.CO; pipelines will deliver theCO, to the storage field and a field pipeline network
will distribute theCO, to the injection wells.

Inadvertent release of captur€@®, can range from minimal and pdsly 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 adl we 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 C@to shallower geologic formations and possibly on to USDWs and eventually the
atmosphere or directly tthe atmosphere Class VI regulations providdesign goals foCO,
storage injection wells. Surface casing is to be set below the lower most USDW and cemented
back to surface. Longtring casing set from surface through the injection zone is also to be
cemented back to surface. Materials used hese wells are to last for the life of the
sequestration project. Continuous monitoring of the annulus area between the injection tubing
and the lonepstring casing is required as well as annual evaluations of mechanical integrity (MIT)
by wireline loggingor other testing method approved by the Diré&for

With continuous monitoring, @hange 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 workoveis when a well is opened for repairs and for wells open to high pressure
reservoirs thipresents the possibility of a well blowout. Carbon dioxide injection wells are high
pressure wells. Several blowouts have occurred during operations of West TexaxeHOR fi
from production and injection well§® Release of COfrom these blowouts is estiméto
rangefrom less than 1 mmdmmillion cubic feet)per day to 10 mmcf per day (~53 to 530 metric
tons per dayj®® Cause of these blowouts range from corrosion,imepiaskets, valves left open

197 Federal Requirements Under the Underground Injection ContrelERR Program for C@GeologicSequestration (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1B&jeral Register(75)237, December 10, 2010, p. 72248, 77230, 7-B534
7724446, 77288. Retrieved on February 8, 2011, ftdtp://www.gpo.gov/fdsys/pka/FR01012-10/pdf/201629954.pdf

%8 puncan, 1.J., Nicot,-P., and Choi,-W, 2008, Risk Assessment for future £8equestration Projects Based {Ehhanced
Oil Recovery in the U.S. Elsevier. Available onlinenatw.sciencedirect.com

199 gkinner, L., 2003, Coblowouts: An emerging problem. World Oil, January 2003, p. &3
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or mechanical failure. No injurieg éatalities occurred due to these wielbwouts. A carbon
dioxide wdl blowout presents unique challenges. These are high pressure wells and the sudden
release of pressure is a highoaty phenomenon that quickly clears out the well. The sharp
drop in pressure and gas expansion results in adiabatic cooling. The releasprdcki® drops

below its triple point providing for the formation of dry ice particiEs All of these regulatins

go to the dayto-day operations of an injection well. But care will be required when one of these
well is shutin and opened up for a workover or an MWith anticipatel growth of the CQ
injection business, proper training of €&orage field persarel as well as well workover and

well drilling crews is criticafor safe operations as well as preventing inadvertent rele&3@,0f

Out in the open, it may be difficult for G@o build up to dangerous levels. Monitoring
of one of theWest Texasvell blowouts mentioned above recorded J€vels of approximately
4750 ppm (0.475%) 200 feet away and these accumulations dissipated in about 30'Minutes.
In Utah, the Crystal Geyser is a €€harged eruption of cold waters via an old wellbore. The
well wasdrilled 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 dangér

Another potential well failure scenarihere 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 G©, storage reservoir and the surface. The remediation of these
wells can occur as th€O, plume grows; this cost can be spread out over tirAepotential
danger here ithatCO, may migrate along these pathways and accuminatenfined space, for
example the cellar ai nearby house or a structure in or near the storage fidldexample of a
gas migrating over some distance ileak from a Kansanatural gas storage field migrated via
an old well bore through the vadose zdekallow subsurface above the water talod) the
cellars of buildings ina nearby town'*® With sufficient accumulation, the natural gas was
ignited resulting in severaafalities and destruction of the building.should be noted th& O,
is not combustible but it is an asphyxiant in sufficient concentratiomportantquestions here
for sequestration are how many old wells are in the AoR, what is their vintage andebpw
were they drilled?

The number of wells drilled in West Virginia total about 145,000 since the earliest

recorded effort in the 18406s, althoug¥ wells
For those wells with a record (Table IV.B.4), abdib percent of these wells were drilled
through the 192006s. State permitting of wel/

percent of the known wells listed in Table IV.B.4 have been drilled since 1950. Looking at the
total possible well cant 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 ¢&npevill

10pyncan, 1.J., Nicot,-P., and Choi,-W, 2008, Risk Assessment for future CO2 SequestratigedsBased COEnhanced
8Il| Recovery in the U.S. Elsevier. Available onlinenatw.sciencedirect.com

Ibid
12 crystal Geyser, Wikipedidttp:/en.wikipeda.org/wiki/Crystal_GeyserRetrieved April 18, 2010.
13 Fredlund, D.F., @08, The Evolving Regulatory &mework to Govern Carbon Sequestration, presented af therizial
Conference on Carbon Capture & Sequestration, Pittsburg, Pa.
14 West Virginia Geoloigal & Economic Surveyhttp://www.wvgs.wvnet.edu/
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not have a cement bond 33 In the Class VI regulations, it clearly states that corrective action
is required for all wells determined to need corrective atfionin its economic modeling,
USEPA determined this includes all wells that posesla and/or lack high quality cementing
information’.

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 th&. AoR
This suggests that 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 (Fg8.2).

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

115 Federal Requirements Under the Underground Injection Contrel(EiR Program for C@Geologic Sequestration (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1B&jeral Register(75)237, December 1@010, p. 72248, 77230, 77235,
1712324446, 77288. Retrieved on February 8, 2011, fidtp://www.gpo.gov/fdsys/pkg/FR01012-10/pdf/201629954.pdf

Ibid
H17EPA, 2010, Cost Analys for the Final GS Rule Appendix-& PDF, EPA 816R-10-013, November 2010. Found at:
http://water.epa.gov/type/groundwater/uie&36/upload/uiccostanalysisforthefinalgsruleappenclicar2010.pdf
118118 Faderal Requirements Under the Underground Injection Contrel(ER Program for C@Geologic Sequestration (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1B&jeral Register(75)237, December 10, 2010, p. 72248, 77230, 773534
7724446, 77288. Retrieved on February 8, 2011, fidtp://www.gpo.gov/fdsys/pkg/FR01012-10/pdf/201629954.pdf
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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 drdlandthose posted in table IV.B.4 &out 46,000 wells
whose locatioa and total deptlare known. They were most likely drilled before 1929 when
drillers werenot required to secure a permit prior to drilling. The advantage here for the
sequestrationfacaptured CQis that the average depth drilled prior to 1930 was less than 2,500
feet. Sequestration of captured @eds to be at depths greater than 2,500 feet for theaCO
be in a supercritical phase that will maximize storage space. This sugjggisthese 46,000
wells not posted to Table 1V.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 peit 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 C&xo the atmosphere by means other than via a well or pipfelinee is an
important consideration. An often cited incident is the loss of life associated with large release
of CO, from Lake Nyos in Cameroon, Africa. In August of 1986, a large volume oftQad
had accumulated at the bottom of the lakes released. This cloud of0g2 moved downhill
from the lake, suffocating about 1,700 people. To the southeast, Lake Monoun had a smaller
release resulting in 37 fataliti€s. Both lakes are in the volcanic region of Cameroon. Thg CO
is from the magma beneath the lakes. This sttnas not characteristic of West Virgaior
Appalachian Basin geology.In West Virginia, the most likely scenario whe@0O, may
accumulate in sufficient concentration to cause asphyxiation would befinex spaces such as
basements.

Other potentialmigratory pathways for CQare faults that cut to or near the surface
andbr fracture patternsFaults 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 reséfkether
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 faid also a fracture or series fodctures along which
there is displacement. Fractures represent a pliaiadure 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
fracturedto 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 amm,aykhaare,
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 i é k n o waturesothat tsansecp thec toefiding f a u |
zone(s)éo [40 CFR 146.82(a)(3)(ii)].

Displacement of in situ formation fluids occurs when the inje€®gdoccupies 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

19Trying to Tame the Roar of Deadly Lakes, Marguerite Holoway, New York Times, February 27, 2001. Found at:
http://www.nytimes.com/2001/02/27/science/tryitmtametheroarof-deadly
lakes.html?sec=&spon=&partner=permalink&exprod=permaliRétrieved April 17, 2010
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shallower formations, encroach on economic mineral deposits in the same formation or migrate
updip and eventually enter shallower groundwater horizons. Thigckspent 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 tracKk@eplume 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
Virginia 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 thise is the
protection of groundwater.

IV.B.2.d.2: Risks to Groundwater via CCS

Risks to groundwater quality arise from the potential for, @ mobilize organic or
inorganic compounds, acidification and contamination by trace compounds in thetr€am,
intrusion of native saline groundwater into drinking water aquifers, and the potential for the CO
to displace subsurface fluids. The probability of many of these risks occurring may be decreased
by a thorough site characterization, sound injection vegistruction 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 groundwat&athering geochemical data to establsh
baseline for geologic horizons between the reservoir and shallower groundwater horizons is
required®®. Also, athorough characterization of the injection site and a geological investigation
of the injection formations will aid in the identification oftpatial 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
MRYV plan required by Subpart RRqgires identification of potential leakage pathways and a
methodology for monitoring and detecting any leakage along these potential patfiways.
Adequate confining zone formations are also necessary to limit the possibility,ahigtion
into the lowemost drinking water aquifer.

Each proposed CCS site should be considered on an individual basis. For instance, the
AEP Mountaineer Project has ovarthousandeet of confining zone formations between the
injection zone and the lower most aquifer. Abther site there may only be 500 feet of
confining zone formationget this thinner overall section of impermeable horizons ban
equally capable of protectinghallower groundwater horizons  Using the geological

120 120 pederal Requirements Under the Underground Injection ContrelIERR Program for C@Geologic Sequestiian (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1B&jeral Register(75)237, December 10, 2010, p. 72248, 77230, 7-B534
7724446, 77288. Retrieved on February 8, 2011, ftdtp://www.gpo.qov/fdsys/pka/FR01012-10/pdf/201629954.pdf

121 Environmental Protection Agency (EPMAMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic
Sequestration of Carbon Dioxide, 40 CFR Parts 72, 78, and 98. Federal REHSRA0, p. 750654, 75086, 75088, 77235.
Retrieved on February 8, 2011, frdtip://edocket.access.gpo.gov/2010/pdf/2Q9934.pdf
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investigationconducted duringite charaterization a decisionwill 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 Asupplies any pub
guantityof 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

(TD®) o

Table IV.B.5: Classification of Water based on Total DissolGadids?®

Water Classification TDS milligram per liter
Fresh 07 1,000

Brackish 1,0001 10,000

Saline 10,0001 100,000
Brine i 100,000

During site characterization,ripr to any injection activities, the present USDW
groundwater quality at the site mumt determined. A minimum of four quarters of monitoring
should be completed before injection activities begin. This will enablesttragefacility
operatorto establish a groundwater quality baseline andparethis baseline to testesults
gatheredo themonitoring and testingesultsgatheredafter injection has begun and throughout
the operationsand postclosuresite care A change in the groundwater quality parameters may
give an indication ofeakage andontamination.

IV.E.2.e.2: CO; Injection Well Construction

The primary goal of the Underground Injection Control program is the protection of
USDW, i.e. groundwaters. As note earlier, @ilass VI injection well ruleprovide design
specifications to meet this goaBurface casing fo€lass Viwells 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 zoaksdo be cemented back to surface
casing. Injection of COwill 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 horizonswi{ll®e transpored 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 surfacé®asing.

The Class VI rule also requires thhetarea between the tog and longstring casing,
the annulus, to be filledith a norcorrosive fluid to protect the casing and tubing. Pressure in
this annulusareais to be monitored continually for any changes that can indicate a leak.
Automatic shuff valves are to belacal downhole as part of the tubing and at the surface as

12EpA, Glossary if Underground Injection Control Terni&und athttp://www.epa.gov/rSwater/uic/glossary.htm#usdw
123 Fetter, C.W., 2001, Applied Hydrogeology, Prentitall, Inc., Upper Saddle River, NJ. Table 10.1, p. 386.

124 Federal Requéments Under the Underground Injection Control-(FIR) Program for C@Geologic Sequestration (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1B&jeral Register(75)237, December 10, 2010, p. 72248, 77230, 78534
7724446, 77288. Retrieved on Fetary 8, 2011, fronmttp://www.gpo.gov/fdsys/pkg/FR01012-10/pdf/201629954.pdf
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part of the wellhead. Injection pressures are to be limited at 90% of fracture gradient fressure
Many states limit injection pressures for Class Il wells to 80% of fracture gradient pressures.

Regulations in West Virginia require surface cadmgoil & gas wellsto 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 subsurjakestatic, fracture, and
lithostatic. Injection of capturedCO, for sequestration in saline reservoirs will require pressures
in excess of hydrostatic pressure gradient but below those of the fracture pressure gfadient.
avoid damaging the storage eesir or the overlying seal, injection pressum&r a longer
period of operations will be limited to 90 percent of the fracture pressure at the depth of injection
(Figure4B3). Sequestration of captured €®ill result in an increase of subsurface press 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 pressuned fracture gradient pressurklydraulic 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 seismicityowever injection
pressures are greater than fracture gradient pressure for esiingtamed period of time or in an
abnormal subsurface stress environment.

The most widely know 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
fed 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 pressureThe fracture gradientllustrated in Figure 1V.B.39 about 0.62 psi per
foot, providing a fracture pressure of about 7,473 psi at 12,054 felee. injection zone was
granite and the only available porosity was fracture porosity; matrix or intergranular porosity
was absendind the fracture pressure appdhelower than anticipated, if anticipated at allhe
first earthquakes occurred within weeks of injectiodSGS set up a monitoring system and
recorded aotal of 710 earthquakes. Injection ceased in 1965. Shortly thereafter final three
earthquakesf magnitude 5.0 to 5.2 occurré&d

125 |hid
126 Rahn, P.H., 1996, Engineering Geology: An Environmental Approach. Second Edition,éPreitic)pper Saddle River,
N.J., 657 p.
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Figure IV.B.3: Subsurface pressure gradiéhts

2000

D pth
ift)
2000

4000

2000

1000 2000 3000 4000

Frassum | psift)

In Rangely Oil Field,in northwestern Coloradoyater flooding of the reservoir for
secondary recovery began in 1957. This water flooding triggered earthquakes. Acstady
USGS showed that the epicenter of these earthquakes centered in the reservoir and that fluid
pressures greater than 4,061 psi in the reser
one or two to thi% tSybsequentlyStanfotd Wniversity comlocted largeo
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. Rangefyeld is now under active GQnjection for tertiary recovery
(EOR)without any apparent seismicity probleffs.

Geomechanical considerations in evaluating a potentials@@age reservoir include:

Avoid regional tectonic stress near breaking strengtbak

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 sddngévi 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 amedction 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

127 Found athttp://www.glossary.oilfield.slb.com/Displaylmage.cfm?I1D=159

128 Rahn, P.H., 1996, Engineering Geology: An Environmental Appro&ektion Edition, Prenticelall, Upper Saddle River,

N.J., 657 p.

12%\World Resources Institute (WRI), 2006, CCS Guidelines: Guidelines for Carbon Dioxide Capture, Transport, and Storage.
Washington, DC: WRI.
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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 pressurevetliiog 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 allowg for higher rates of injection. However, handling produced
waters adds another level to operations.

Earthquakes that haweccurred inWest Virginiasince 1824 are listed in Table IV.B.6
and illustrated in Figure IV.B.9. The first earthquake recordednbyument was in 1964;
earlier earthquakes, and a@uple since 1964, are based 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 thehiir scalg® is logarithmic ands ameasureof
the energy released by an event. The Modified Merdattinsity (MM1) scalé®! and is a
measuref the severity of the event and is expressed in Roman numerals.

On the Richter scale, a 3.5 magnitude repregenvalue 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 recomlétlest Virginiahave been greater th&b, the
earliest occurrenca 1824 based on historical record.

On the MM scale, at a value of Ippeople inside a building may feel the earthquake but
those outside most likely will notAt a value of V, people inside and outside will realize an
earthquake has occurreddaminordamage will occur suchs broke dishes and spilled fluids.
The MM scale is only posted for 14 of the 81 earthquakes list@dbie I\V.B.6 of which five
havea MM value of Vor more

USGS also records seismic events resulting from mining explosionsie®@etl 997 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 35%nd 3.5.

A seismic hazard map for the Central and Eastern USitates (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 wherbetween 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 wak7 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 C@injection project in Japan injected 10,400 tons of,@@o a saline
aquifer at 1,100 meters between 2000 and 2005. Monitoring was conducted between 2005 and

130 hitp:/lcrack seismo.unr.edu/ftp/pub/louie/sks100/magnitude.html
131 http:/icrackseismo.unr.edu/ftp/pub/louie/class/100/mercalli.html
132 http://learthquake.usgs.gov/earthquakes/eqgarchives/mineblast/
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2007. The Niigata earthquake of @6leaBagehasgni t uc
been ob¥erved. o

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 v 42 | Summers 1983 04 Inst
2 | Jefferson 1846 2.7 Hist Ml 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 [\ 47 | Summers 1984 1.1 Inst
7 | Monongalia 1957 2.9 Hist 111 48 | Summers 1984 2.1 Inst
8 | Monongalia 1957 2.9 Hist 111 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 | Pendl¢on 1986 2.3 Inst
11 | McDowell 1965 3.5 Inst 52 | Greenbrier 1986 1.2 Inst
12 | Harrison 1966 3.1 Inst \ 53 | Logan 1989 1.9 Inst
13 | McDowell 1967 35 Inst 54 | Greenbrier 1991 35 Inst
14 | Mercer 1969 4.6 Inst Vi 55 | Kanawha 1991 3.0 Inst
15 | Lincoln 1970 2.8 Inst \Y 56 | Mercer 1992 14 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 1l 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 v 62 | Fayette 1995 2.5 Inst
22 | McDowell 1976 4.7 Inst \ 63 | Webster 1997 1.8 Inst
23 | Mercer 1976 2.7 Inst 64 | Kanawha 1998 25 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 24 Inst
36 | Monroe 1983 2.2 Inst 77 | Braxton 2010 2.2 Inst
37 | Greenbrier 1983 1.2 Inst 78 | Lewis 2010 25 Inst
38 | Greenbrier 1983 1.2 Inst 79 | Upshur 2010 25 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 Mab
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IV.B.2.g: Pipelines

Table IV.B.7: Pipeline Incidents Statistics for the United States from 1992006

Pipelines Natural Gas Hazardous Liquids | CO;
Transmisson | Grid

Number of Incidenty 1,241 1,707 2,048 (1) 18

Number of Fatalitie§ 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

Saurce: 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 oatistical 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 volatiiguid 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 wieye caused
sevee flooding near Houston,
(3) Transmission mileage includes transmission and gathering miles. Distribution miles include distribution main miles only.

Texas.

Through 2007 e total miles of CQpipelineswasabout0.25 percent of the total natural
gas piline miles, both transmission and grid pipelirf@able IV.B.7).
pipelines are the distribution segment of the system, found in areas of higher population density
than transmission lines which are crassintry. The higher number ofjimies 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 CQ pipeline network is oppositénat of the natural gas pipeline network. Carbon dioxide

Natural gas grid

pipelines will transport their product from a source that may or may not be in an uraam are
storage field located in areas of low population density. The grid portion of thei€ine
network will be in the storage field or among the storage fields. The capturgedvill(pe

removed fr

om t he

Omar ket o6

ar ea

and

To accomplish the task of significantly reducing L£émissions envisioned for CCS
technology, the present G@ipeline network will be greatly expanded.
studies done to date suggest a pipeline network of between 6,000 and 36,000 miles transporting
as much as 54 Gt of captured £& The actual CQ pipeline network could be double the
mileage esthate 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, CQ is not flammable and does not represent an explosive msknportant point that

should reduce the level of risk associated with these pipelines.

Simple modeling

returned t

Carbon dioxide will be

transported under higher pressures than that for natural gas to maintain the supercritical or dense

138 Carbon Sequesttion & Storage: Developing a Transportation Infrastructure. Prepared for the INGAA Foundation, Inc. bylCF
International. February 2009. Available bttp://www.ingaa.org/cms/31/7306/7626/823pa

Also:Dool ey, JJ,
US.CQPi pel ine

RT Dahowski ,

and

CL

Davidson.

fiComparing

Ne t wo "lkternationaPQorfeseace bneGreenhduse Gas Control Technologisvember
16-18,2008, at the Omni Shoreham Hotel in Washington DC. Availabletat//www.sciencedirect.com/science/article/B984K
AWOSFYG7D/2/a0db295a18b4fe60846c2ab2738bb0
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phase state. A common accident for pipaiisea puncture due to construction activity. The
sudden release of pressure due to punafieeCO, pipelinew i | | be Oexpl osivebod
not flammable. There is considerable potential of harm for those in the immediate area.
However, the potdial for injuries associated with a much longer Qfipeline network should

not appreciably increase the possibility fiecidents andin increase in fatalities even lesBhis

will depend on urban proximity to the greatly expand&@, pipeline network gt the non
flammable nature o€0O, 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, lan
Duncan of the Texas Bureau of Economic Geology stad filt has been sugges
that the incident rate G(ipelines can be estimated from that for natural gas pipelines. USDOT
statistics recorded ten incidents of £fipelines failures. The DOT data suggest that these
incidents were causdiy: 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:eofasid, 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 goodsar#o believe that the rate of incidents
(rupture, punctureetc) for CO, and natural gas pipelines should be the same i CO
sequestration is implemented on a large scale. It is important to note that even if the rates of
incidents for CQ and natural gs pipelines begin to look the same in the future; my judgment is
that the risk will still be lower folCO, pipelines (a conclusion that appears to be increasingly
supported by governmental reports and academic studies). | also believe that the risk from
rupture of CQ pipelines is the largest risk facing a future £&2questration industry. If this
conclusion proves correct then this places strong bounds on the risks of geologic CO
sequestration. Ultimately the risk from pipelines depends on: siting dfifielines (risks are site
specific); operation of the pipelines to minimize possible corrosion (particularly the current
industry focus on keeping the water levels in the, B&€8ow saturation); and implementation of
effective risk management and mitigatn ~ p *%Note that in the testimony, there is only one
incident of outside force rupturingGO, 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 th€0O, pipeline network will expose it to more opportunities of outside
force rupturing.

The Depart ment of Transportationods Pi pel
Administration (PHMSA) has had, since 1988, oversight authority ofgoategion of CQ by
pipeline'®” Carbon dioxide is neoombustible and netoxic. 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 tloe tfaat CQ is transported as a compressed gas
and/or in high cocentrations, it is classifieds a hazardous material and subject to the
Hazar dous Mat er i al Transportation Laws and

138 1an Duncan2009,RegardingThe Future of Coal under Climate Legislation; Carbon Sequestration Risks, Opportunities, and
Learning from the COQEOR Industry. Testimony before the The U.S. House Committee on Energy and Commerce,
Subcommiitee on Energy and the Environment, March 10, 2009.

137Krista L. Edwards, Deputy Administrator, Pipeline and Hazardous Materials Safety

Administration, Department of Transportation, testimony before the Committee on Energy and Natural Resources, @gited Stat
Senate, January 31, 2007.
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|l egi sl ati on estigh ¢f CQ pipeing, th® Qepadtrmentextended its existing
hazardous liquids pipeline rules to &fpeline operations®

PHMSA works closely with certain state agencies to provide oversight gip@@line
net wor k. Their Ai nt e gwhich gurremia apply ® nransnissione g u | a
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 regoon program progress and effectiveness. Under integrity management
programs, operators are identifying and repairing pipeline defects before they grow to failure,
producing steady declines ™®n the numbers of s

PHMSA ioper analeppelifeisafety officesgandas authorized to employ 111
inspection and enforcement professionals for fiscal year 2008. In addition to compliance

monitoring and enforcement, PHMSAGs regional
incidents and padipate in the development of pipeline safety rules and technical standards. Our
regi onal of fices al so work <closely with PHM

approximately 400 pipeline inspectors and directly oversee the largest share of thipéliig p

network, including most intrastate pipelines. Under our Congressieaatihprized Community
Assistance and Technical Services (CATS) prog
focused community outreach and education. With the current ofagpipeline 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 excavati pr a®t i ces. o

The WVDEP or anotheagency may want to coordinate €fpeline oversight efforts
with th e Depart ment of Transportationods y Pipeld:@
Administration (PHMSA). PHMSAalready has oversight relationships with statbere CQ
pipelines are in operation.

IV.B.3: Identify geologic sequestration monitoring sites to assess the shéetm and
long-term impact of carbon dioxide sequestration 822-11A-6(h)(5)

Injection of captured COin a supercritical or dense phasea 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 fundamen@undariesduring and following injection of
captured C@ the plumeboundaryitself and pressurdoundaryassociated with the plume.
These twadboundariewill be monitoredduringinjection operationspostinjection site careand
long-term stewardship time periods for each,Grage reservoir.A basic goal is to know the
location d the edge of the plume and associated pressure dmohtits impact on displaced
formation fluids Surface and subsurface monitoring provides the necessary data needed to
demonstrate that the G@lume is not migrating beyond the boundaries of its trappaesenting

138 ||hi
Ibid
1%9Krista 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, Januma 31, 2007.
149 |bid
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an endangermelit situation, either to groundwaters (underground source of drinking waters
(USDW)), the atmosphere, ecosystems tarttiman health.

A Testing and Monitoring plan (aka MVA program) designed to track the plume and
pressure boundis is one of five plans required to be submitted for application of a Class VI
injection permit*2. A Class VI permit entails compliance with Subpart RR and development of a
Monitoring, Reporting and Verification (MRV) plat

IV.B.3.a: Monitoring, Verifi cation and Accounting (MVA)

A basis for aMVA program will be established prior to site characterization because
baseline measuremenis,key component for a successful MVA programs, will be collected
during site characterization. A MVA program will beigue to each C@storage reservoir and
will reflect the geologic characteristics present in the subsurface. The detaiyg pariicular
MVA program, the selection of technology and location of monitoring sites is the decision of the
operator with the gpoval of the regulatory oversight board.

Monitoring of the injected COwill be done in the subsurface and at the surface. The
most obvious location for monitoring is in well bores. Well bores are datsspoowiding direct
measurement of the storageservoir, 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
presure as well as formation water/€@lume chemistry.Monitoring wells in proximity to the
underlying CQ plume reaching a total depth (TD) above the reservoir sealalso important
points of observation and measuremefhesemonitoring wells may ats servea dual purpose
in monitoring groundwaters overlying ti&0, plume. Surface measurements will be conducted
at surface facility locations including delivery point of captured,,Giint of separation to
storage field pipeline system, injection welend monitoring wellsand within theArea 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
CO; reservoit*’. Direct measrements 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 Subp&rt RR

A wide range of technology is available to monitor, verify and account for the character
and lateral extent of a GOplume in the subsurfac€Table IV.B.8) Application of this

141 A5 proposed, an operator can be released from obligations under a Class VI injection permit wéretangarment can be
demonstrated-ederal Requirements Under the Underground Injection ContreW(ERR Program for C@Geologic
Sequestration (GS) Wells (40 CFR Parts 124, 144, 145, 146, andAddgral Register(75)237, December 10, 2010, p. 72248,
77230, 7723485, 7724446, 77288. Retrieved on February 8, 2011, fidtp://www.gpo.gov/fdsys/pkg/FR01012-
10/pdf/201029954.pdf

142 pid

143 Environmental Protection Agency (EPMMMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic
Sequestration of Carbon Dioxide, 40 CFR Parts 72, 78, and 98aFBagjister, (75)230, p. 750&2, 75086, 75088, 77235.
Retrieved on February 8, 2011, frdtip://edocket.access.gpo.gov/2010/pdf/2Q29934.pdf

144 Federal Requirements Under the Undergrbinjection Control (FRJIC) Program for C@Geologic Sequestration (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1B&jeral Register(75)237, December 10, 2010, p. 72248, 77230, 7-B534
7724446, 77288. Retrieved on February 8, 2011, fidgtp://www.gpo.gov/fdsys/pka/FHR01012-10/pdf/201629954.pdf

145 Environmental Protection Agency (EPMAMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic
SequestrationfaCarbon Dioxide, 40 CFR Parts 72, 78, and 98. Federal Register, (75)230, p-6450GD86, 75088, 77235.
Retrieved on February 8, 2011, frdip://edocket.access.gpo.gov/2010/pdf/2Q9034.pdf
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technology begins during site characterization when baseline measurements arghedtabl
This information is critical in providing recognitioand assessmermtf datavariancesfrom
baseline measuremerit§.

Technologies are available for all aspects of captured @§&ction operations.
Geophysical methods at the surface which inclugi&sand 3D seismic that if repeated over
consistent time intervals can providd4seismiccoverage over broad geographic coverage of
subsurface stratigraphy. In the wellbore, geophysical or wireline logging tools can provide
subsurface measurements 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. ®a$®dogging is done toerify
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) orwedisseismic
is data gathexd from wellbores that can be tied to swdaseismic 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. EPA43®R-08-009
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Table 1V.B.8: Technologies for MVA.

Monitoring, Verification, Accounting (MVA) Technologies

Geologic Storage Monitoring, Verification, and Accounting (MVA) Simulation and Risk Assessment

Wellbore Technologies Subsurface Monitoring Technologies: Thermal & Hydrologic Modeling

- Wireline logging (geophysical logging): Electrical - Seismic: 2-D, 3-D, 4-D, Vertical Seismic - MODFLOW, GFLOW

(resistivity), density, neutron, Gamma Ray (GR), Profile (VSP), Cross-Well, Micro.

Spontaneous Potential (SP), Sonic, Nuclear Magnetic - Electromagnetic Surveys

Resonance (NMR), Borehole Imaging, Temperature, - Electrical resistance tomography (ERT)

Cement Bond, - Gravity, Microgravity

- Drillstem Test (DST) -Tiltmeter

- Whole core, sidewall core - Water Quality Analysis

- Formation fluid sampling (reservoir, seal, others) - Wireline logging

- Pressure fall-off test, injectivity tests - Wellhead, Annulus & Downhole Pressure

- Wellhead, Annulus & Downhole Pressure - Downhole Temperature

- Downhole Temperature - Core analysis (new monitoring wells)

- Aero-magnetics (old wells) - Soil gas monitoring

Mitigation/Remediation Technologies Remote Sensing & Near Surface Monitoring Geochemical Effects of CO, Injection
- Pump and treat formation fluids Technologies - PFLOTRAN, STOMP, TOUGHREACT, VIP Reservoir
-Pump and treat groundwater -InSAR

- Air photography

- Soil gas sampling

- Groundwater monitoring (geochemical analysis of
samples taken from wells)

- Advanced Water Quality Analysis: inorganics,
organics, isotopes, total organic & inorganic carbon
-2-D seismic (shallow)

Fluid Flow, Pressure and Water Management Atmospheric Monitoring Technologies Geomechanical Effects of CO, Injection
- MODFLOW, GFLOW - Eddy Covariance - TOUGH-FLAC, GMI-SFIB, ABCUS

- Eclipse, GEM-GHG, NUFT, NFFLOW-FRACFEN - C0, detectors

- Production of reservoir formation fluids - LIDAR & laser systems

- Treatment/disposal of prod formation fluids

Geochemical Impacts Design of Intelligent Monitoring Networks and Biologic Modeling

-PFLOTRAN, STOMP, TOUGHREACT, VIP Reservoir Monitoring Protocols

- Groundwater analysis

- Reservoir formation fluid analysis
- Other formation fluid analysis (seal, overlying units)

Geomechanical Impacts
-TOUGH-FLAC, GMI-SFIB, ABCUS
- Rock mechanic analysis (core studies)

Risk Assessment Identification and Quantification

Source: NETL Best Practices for: Monitoring, Verification, and Accounting of CO, Stored in Deep Geologic Formations, January 2009 {Tables 5-18& 3-1)
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Class VI injection well rules will require continuous monitoring of injection pressures
rate and injected volumesf the injection weft*”. This provides for continuous mechanical
integrity testing (MIT) however an annual examination of the mechanical integftthe
injection well by a wireline logging technique is also required although the Director may require
other techniques at certain intervil$ Subsurface pressures can also be acquired from non
injection wells with downhole pressure sensors.

Near sirface soil gasmonitoring and/or surface air monitoringan 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 VISer@ice
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 Testingviomdtoring plan can be the
basis for development of the MRV pfah Surface monitoringyill 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 specifique@ements fomonitoring and verification. Location
of gpecific monitoring sites will depend upon the question to be ansveergéthe technology
selected. Regulations will provide the questiond tie site operator will seletite technology
with the umlerstanding 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 od@camd/or level of
resolution.

Washingtonand North Dakota haveeveloped specifi€O, sequestratiomegulations in
response to | egislation. Washingtonodés | egi s
recommendations on how the state cdrieae the greenhouse gasses emissions reductions goals
established under ™5 €e DéparmenBof Ecblayy, with the Help of i | |
working group, established rules for €@jection project® These rules require that a Permit
Applicationi ncl ude, among other items, information
facilities, i ncluding atmospheric monitoring
detection and monitoring plan using subsurface measurements to monitor movether€ @
plume both within and to detect migration outside of the permitted geologic containment

147rederal Requirements Under the Underground Injection ContrelUfEIR Program for C@Geologic Sequestran (GS)
Wells (40 CFR Parts 124, 144, 145, 146, and 1B&jeral Register(75)237, December 10, 2010, p. 72248, 77230, 7-B534
174?324446, 77288. Retrieved on February 8, 2011, fidtp://www.gpo.gov/fdsys/pkg/FR01012-10/pdf/201629954.pdf

Ibid
149 pid
150 Environmental Protection Agency (EPMMMR). Mandatory Reporting of Greenhouse Gases: Injection and Geologic
Sequestration of Carbon Dioxide, 40 CFR Parts 72, 78, and 98aFBagister, (75)230, p. 75062, 75086, 75088, 77235.
Retrieved on February 8, 2011, frdrtip://edocket.access.gpo.gov/2010/pdf/2Q@9934.pdf
151 Engrossed Substitute Senate Bill 60B&und at: http://apps.leg.wa.gov/documents/billdocs/2007
08/Pdf/Bills/Session%20Law%202007/6081SL.pdf. Retrieved: February 23, 2010
152 Norman, D.K. and J. Stormon, 2007, White Paper: Feasibility of Using Geologic Formations to Sequester Carbon Dioxide
(CO,), Department of Ecology. Found attp://www.ecy.wagov/climatechange/docs/co2sequestrationfinal_0828Q7.pdf
Retrieved February 23, 2010.
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system. 0 -208B6F> 173 his |l eak detection and monit
of pressure responses and other appropriate information immedadtelye caprock of the

geol ogic containment system. o One of the ter
monitoring program shall include observations in the monitoring zone(s) that can identify
migration to aquifers as close stratigraphicatb the geologic containment system as
pract i cabl-21814%).VBpacificitéh® to monitor as specified in the regulations are:

Characterization of injected fluids

Continuous recording of injection pressure, flow rate and volume
Continuous recordig of pressure on annulus between tubing and
long string casing

Monitoring zone leak detection

. Sufficient monitoring to confirm the spatial distribution of the CO
in the subsurface

Each specific itentisted aboveto be monitored suggests a monitoringalb@en but the
regul ations avoid suggesting or mentioning s
comprehensive but not prescriptive; they provide the potential operation a good sense of what is
expected for safe operations of a captured GOrage 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 tndlsommission to
determine before a permit i s i ssueidgfatilitdsat t h
and protoCTlhéscommi ssi.on i s also required to
not escape fr omThs wasticcamalighed whenaegulationsybecame effective
in April 2010°* 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 #ntechnology selected and applied, the goal to assure thaGthe
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.

e
fi

Montana legisliion (Senate Bill No. 4985° specifies that captured G@jection permits
include requirements for applicable pressure and fluid chemistry data as well as monitoring and
veri fication. One specific requesdterwels an e
within 1 mile of the perimeter of the geol ogi
of the geologic storage reservoir could be quite a distance from theplG@e on initial
injection.

Louisiana legislation (House Bill No. 661)qvides the commissioner of conservation the
duties and powers to promulgate rules and re
monitoring equipmentof atymep pr oved by t he and that mongosng wilhbe r
regulated by rules deloped by the commission&f

153Washington UIC Program, Dept. of Ecology, Founchétp://www.ecy.wa.gov/biblio/wac173218.html

154 ND Geolagic Storage of Carbon Dioxide: https.//www.dmr.nd.gov/oilgas.rules/rulebook.pdf

1% Montana, 61 Legislature, Senate Bill No 498, found hitp:/data.opi.mt.gov/bills/2009/billpdf/SB04981pd

1%6| guisiana, Regular Session, 2009, House Bill No. 661, fourttttat//www.louisianalawblog.com/uploads/file/HB

661(1).pdf
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Each of the legislatures from Washiog Montana, North Dakota and Louisiana
provided direction to their respective executive departments charged with captuged CO
sequestration regarding overafonitoring goals. The spedds are left to the regulator to
devel op as Washingtondbs Department of Ecol ogy
lists monitoring goals regarding tracking @&, plume and detection for leakage gefferred to
the prospective operator the esstion of specificmonitoring 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, anapust
mandatory greenhouse gas reporting rule that will c@@s sequestration operations. Both
provide direction on the location for monitoring tB8€, storage operations. Under Class VI
rul es monitoring well s wirhohitoringof groergwaier quality t o pr
and geochemical changes above the confining z
z o n°& o Class VI rules also require indirect monitoring, geophysical techniques, 6CGhe
plume. The injection well is atsa 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,
Reporing and Verification (MRV) plan under Subpart RR. Both Class VI and Subpart RR
regulations specify that th€O, plume, groundwaters and the area above the confining zone,
near surface and surface areas will be monitored by monitoring wells, indirectygeaph
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 Virgen and
the characteristics of areas within the state where carbon dioxide could be
sequestered 822-11A-6(h)(6)

IV.B.4.a: The kinds of geologicaformations which might work.

Feasibility for carbon dioxide sequestration in West Virginia is a reflectiomhef
geology of West Virginia. West Virginia is, essentially, located entirely within the extents of the
Appalachian Basin. This is a foreland baZloriented along a general northeastthwest axis,
extending from north central Tennessee to central Mewk. Structurally, the strata within the
basinbecomedeeper to the southeast where it is bounded by the Allegheny Structural Front
1(Figure IV.B.7. Within West Virginia, this general trend is brokamo two northeast
southwest trendingtructural featres, the Rome Trough and the Upland H@fggure 1V.B.6).

In Figure 1IV.B.6, the Rome Trough is illustrated by the tight, northe@sthwest trending,
structure contours while the Upland Horst is illustrated by the southedktvest trending
structurecontours. The Allegheny Structural Front (labeled in Figure 1V.B.7) is the southeast
boundary of the Upland HorstIn southern West Virginia the Rome Trough is structurally

157 Environmental Protection Agency (EMMMR). MandatoryReporting of Greenhouse Gases: Injection and Geologic
Sequestration of Carbon Dioxide, 40 CFR Parts 72, 78, and 98. Federal Register, (75)230-64,755626, 75088, 77235.
Retrieved on February 8, 2011, frdrtip://edocket.access.gpo.gov/2010/pdf/2Q@9934.pd8

1%8\wickstrom, L.H. et al., 2005, Characterization of Geologic Sequestration Opportunities in the MRCSP Region, Phase | Task
Report Period of Performance: October 2@ptembe2005, DOE/NETL DEPS2605NT42255

1%9Roen, J.B., and B.J. Walker, 1996, The Atlas of Major Appalachian Gas Plays, West Virginia Geological and Economic
Survey, Publication \25.
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deeper to the Upland Horst but both features merge to a common depth in nemhésst
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 1IV.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. Sometitight yery
low to essentially npermeability) 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 rdokdfocarbon
reservoirs, organic rich shales have been rezeghias 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 thesesedimentaryock typescan provide suitableonditions for sequestration
of captured carbon dioxide. Sandstones, carbonatearansheablecoal seams are recognized
as potential reservoir rocks while shale or a tight carbonate can provide the seal, or confining
barrier. MRCSP provided an estimaté storage potential for shales in their Phase | réf§brin
their Sequestration Atlas, NETL did not provide an estimate of storage potential for'$hales.
The ability of shale to act as a sequestration reservoir is still under study

The Midwest RegionaCarbon 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 tle area of the partnership during Phase | of their project period.

The stratigraphic section present under Wesgiwia is illustrated in Figure IV.B.2.
Formations with sequestration potential are illustrateldlue and formationghat can provide a
sealor act as a confining unit are illustratedime green

Sequestration potential is present in (hiso see Figure IV.B.2)

Upper Devonian Sandstones

Lower Devonian Oriskany Sandstone

Lower Silurian Sandstones

Ordovician St. Peter Sandstone

Cambrian Ros&un 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 sectie the Pennsylvanian
coals

It should be pointed out that West Virginia has a naturally occurring r€é§ervoir.
Indian Creek field is located in Kanawha CountyedWirginia. The reservoir is the Lower
Silurian Tuscarora Sandstone. As is the case with all the Tuscaroraifieddecated on an
anticline (the northeast plunging nose of the Warfield anticline). Porosity is developed in the

180\wickstrom, L.H. et al., 2005, Characterization of Geologic SequestrationrDpijties in the MRCSP Region, Phase | Task
Report Period of Performance: October 2@ptember 2005, DOE/NETL DES2605NT42255

161 NETL, 2008, Carbon Sequestration Atlas of the United States and Canada, second edition. Found at:
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fractures associated with the structure. The Warfield anticline is asymmetric and water is
reported downdip to the southeast of the potige 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 producéde gas is reported to be more than 60% carbon
dioxide21631%4  Approximately 20 bcfg(billion cubic feet of gashas been reported as

produced from 1981 through 192,

IV.B.4.b: The extent and location of potentially feasible formations

The occurrence 0bil & gas production in West Virginia illustrates the general exoént
potentially feasible geologic formatiof@r sequestrationHigurelV.B.7). Oil and gas fields are
primarily found northwest of the Allegheny StructuFabnt to the Ohio Rive(Figure IV.B.7)
and his will be the general area within which saline storage potential will be found.

It should be noted here that the Appalachian Power Company MountaineealBrant
the Ohio Riverin New Haven (Mason County), West Virginia recently beggection of
captured C@into the Rose Run sandstone and Copper Ridge dolomite. A seal is provided by
the Beekmantown dolomite which immediately overlies the Rosé®Run

IV.B.4.c: Ability to assess specifi€O, storageproject feasibility

The purpose forrey CO, storage field is to sequester 1€, 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(spur
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 abilty to assess any specific projéatation and potentialepends on the quality of
the initial data available or that can be acquireNATCARB data published in the Carbon
Sequestration Atlas of the United States and Canada suggest a range of sterdge fustthe
various states. Thesalues represent atorageresourcethat 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 sequestragimrses the process in a sense. Here, the
resource is potential storage capagity. pore space or porositygpresenting the ability to inject
captured carbon dioxidaver a period of time This potential needs to be proven, a process that
begins withregional evaluation of geologic potential that leads towards selection of a specific
site for further characterization. But why select any particular sit€@istorage operations?
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9301, 315 p.
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Figure IV.B.6:

Structure contours on top of crystalline basement rock
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