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EXECUTIVE SUMMARY

. AOOOAI CAO DPOiI AOCAOGETT &OT1T EUAOI AAOATT OEAE
one of the most rapidly expanding trends in onshore domestic oil and gas exploration and
production today. Due to its high energy content, versatility, and low emissionsatural

gas is a key componendf the U.S. energy supply. Shale gasiseady an important

contributor to U.S. natural gas supply, ants predicted to have a significant and increasing
role in the domestic energy portfolioin the future.

One of the most promising of the emerging shale gas plays is the Marcellus siveltéch

covers an area of about 95,000 square miles, spanning six northéa® states (Exhibit ES

1). Recent estimates suggest that as much as 489 Tcf of gy be recovered from the

- AOAAT 1 6Oh ATT OCE CAO O1 1 AAO OEA AT O1 6oOUBdO 1
current consumption rates.

The Marcellus shaleextends throughout most of West Virginia. While no formal resource

assessments exist for the statehis study estimatesthat 100 to 150 Tcf may be recoveble
from the Marcellus shale in West Virginia. Development ofiis substantial resource is

ExHIBIT ES1: MAP OFMARCELLUSPLAY expected toincrease economic activity
in the state and have farreaching
- = \ benefits.
puen Lake B s e ) )
ontario _\UFEN "4 )7 West Virginia is suffering an economic

Rochester, -
"

Biffalo )& <

downturn, along with the rest of the
country. Employment in both the goods
and services sectors has deeased, the
state budget is running a deficit, and the
state, with the exception of one county,
is losing population. The state economy
is more reliant on mining than most
states, and that sector faces regulatory
uncertainty.

) Lake
Erie

Clev/e‘iand C
5. MetrotArea
Akron

While Marcellus shale gas development
in West Virginia is in its infancy, it is
already making a positive contribution
to the economy.In 2008, the industry

: drilled 299 gas wells in the Marcellus
>+ Marcellus Shale. Thraigh direct, indirect, and
/ Shale induced economic activity, these wells

Columbus < pr

contributed $371 million in gross
economic output, $189 million in value

added, over2,200 jobs, and $68 million

Source: ALL ConsultingModified from USGS and/VG&ES in taxes(Exhibit ES-Z).
November, 2009
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ExHIBIT ES2: QURRENT ANDFUTUREIMPACTS OFSHALE GASDEVELOPMENT
(SMILLION)
Gross

Economic Value Total
Year Output Added Jobs Taxes
2008 $371 $189 2,247 $68
2009 $989 $561 4,858 $199
2010 $1,161 $658 5,998 $266
2015 $1,874 $1,061 10,604 $531
2020 $2,896 $1,639 16,863 $872

Gross Economic Qutput isthe sum ofdirect, indirect and induced economic impacts

Value Added is GossEconomic Outputinus intermediatecapital and labor. | t is dten
considereda more meaningfu measure of true economic benefit from an activity.

The pace of drilling fo Marcellus Shale gas wells is expected to increase substantially in the
future, growing to about 900 wells per year by 2020.As shown in Exhibit E, this
increasinglevel of drilling activity, with the accompanying industry expenditures inthe

state, 5 projected to contribute substantially to jobs, state taxesand the overall economy

in West Vrginia. Through 2020, the cumulative production of shale gasn the statewill

total about 30 Tcf, worth more than $200 hillion.

While these benefits aresubstantial and should provide some relief for a strggling

economy;, it should be noted that it is likely that these benefits are underestimated. This
study has taken a conservative approach in estimating benefits. Where input data were not
available orwere not complete, this study either excluded those inputs or purposefully

used conservative estimates to ensure that the benefits are not overstate8imilar studies

in other states indicate the economic benefits of shale gas development in West Virginia
will be even higher than thosepresented in this report.

Vi
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LIST OF ACRONYMS

Bcf billion cubic feet

Btu British thermal unit

CO2 Carbon dioxide

EIA Energy Information Administration

EUR estimated ultimate recovery

Ft foot/ feet

GHG greenhouse gas

IOGA WV  Independent Oil and Gas Association of West Virginia
Mcf thousand cubic feet

MIG Minnesota IMPLAN Group, Inc.

MMcf/D million cubic feet per day

NETL National Energy Technology Laboratory

NGPA Natural Gas Policy Act (1978)

Psi pounds per square inch

PSU Pennsylvania State University

Ro Vitrinite Reflectance

Tcf trillion cubic feet

TcflY trillion cubic feet per year

U.S. United States

WVG&ES  West Virginia Geological and Economic Survey
WV OOG  West Virginia Department of Environmental Protection, Office of Oil and Gas
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INTRODUCTION

. AOOOAT CAO POiI AOGAOETT »mEOI I EUAOT AAOAITI
one of the most rapidly expanding trends in onshore domestic oil and gas exploration and
production today.! In some areas, this has included bringing dtihg and production to
regions of the country that have seen little or n@uchactivity in the past. New oil and gas
developments bring change to the environmental and socieconomic landscape,
particularly in those areas where gas development is a new tagty. With these changes
have come questions about the nature of shale gas developmghe potential
environmental impacts, andthe potential economic impacts. Regulators, policy makers,
and the public need an objective source of information on whicto base answers to these
guestionsas well asdecisions about how tobest manage the challenges that may
accompany shale gas development.

The National Energy Technology LaboratoryETL) haspreviously published a separate
report that discussesthe technical and environmental aspects of shale gas development
a nationwide basis? This study endeavors to provide information about the current and
potential economic impacts of Marcellus shale gas developmespecific toWest Virginia. It
briefly describes the importance of shale gaa meeting the energy needs of the United
States (U.S.), both now and in the future. This repaatso provides an overview of the
Marcellus shaleplay and the potential for development in West Virginia By providing such
an overview and analysis this report can serve as an instrument to facilitate informed
public discussions and to support sound policymaking decisions.

Importance of Natural Gas

Natural gas plays a keyole in meeting U.S. energy demands. Natural gas, coal and oil
O00pbPI U AAT OO yub T &£# OEA TAOETT80 AT AOCUN
total 3 The percent contribution of natural

gas to the U.S. energy supply is expected to ExHIBIT 1: NATURAL GASUSEBY
remain fairly constant for the next 20 years. SECTOR
Natural gas use is distributed across several Other, 3%

sectors of the economy (Exhibitl4). It is an
important energy source for the industrial,
commercial and electrical generation sectors,
and also serves a vital role in residential
heating> Although forecasts vary in their
outlook on thefuture demand for natural

gas, they all have one thing in common:
natural gas will continue to play a significant
role in the U.S. energy picture for some time
to come$

One reason for the widespread use of natural
gas is its versatility as a fuel. Its high British

Source: EIA, 2009

OEAE
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thermal unit (Btu) content and a welldeveloped infrastructure facilitate its use in a variety

of applications.

Another factor that makes natural gas an attretive energy source is its reliability. Eighty
four percent of the natural gas consumed in the U.S. is produced in the U.S., and ninety
seven percent of the gas used in this country is produced in North Ameri¢arhus, the
supply of natural gas is not dpendent on unstable foreign countries and the delivery
system is lesssusceptibleto interruption.

A key advantage of natural gas is that it is efficient and clean burnifgn fact, of all the
fossil fuels, natural gas is by far the cleanest burning. dmits approximately half the
carbon dioxide (CQ) of coal along with low levels of other air pollutant® Because natural
gas emits only half as much GQ@s coal and approximately 30% less than fuel oll, it is
generally considered to be central to energplans focused on the reduction offreenhouse

gas GHQG emissions1o

Additionally, the march towards sustainable renewable energy sources, such as wind and
solar, requires that a supplemental energy source be available when weather conditions
and electrical storage capacity prove challengingt Such a baclp energy source musnot
only be widely available but also atnear instantaneoussupply. The availability of
extensive natural gas transmission and distribution pipeline systems makes natural gas
uniquely suitable for this role!l2 Thus, natural gas is an integral facet of moving forward
with alternative energy options. With the current emphasis on the potential effects of air

emissions on global climate change, air quality, and visibility, cleaner fuels like natural gas

areanimbl OOAT O PAOO TAOEIT 160 Al Aocu &£O6OOO

Role of Shale Gas

The U.S. increased its natural gas
reserves by 6% from 1970 to
2006, producing approximately
725 trillion cu bic feet (Tcf) of gas
during that period.*4 This increase
is primarily a result of
advancements in technology,
resulting in an increase in
economically recoverable reserves
(reserves becoming proven)rom
unconventional natural gas
reservoirs.’> Unconventionalgas
fields are typically present as
regionally extensive strata that are
often of low permeability. In most
cases the rock strata forming an
unconventional play serve the
function of both source rock and
reservoir. A simple but useful wg
of looking at the evolution of the

T £ 1 0B

ExHIBIT 2: NATURAL GASPRODUCTION BYSOURCE
(TcH YEAR
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oil and gas industry, which reflects thisshift from conventional toward unconventional o
reservoirs,isto viewitasi | OET ¢ AOT I OAOT (@odiddAbOteddftd O AOA OEA
DOl AOAAG O1T OAOI OOAAOG OEAO A®MA OAAOGU OI £EET An

EXHIBIT 3: UNITED STATESSHALE BASINS

Source:Modified from USGS and other sources. March 2009

Overall, unconventional natural gas is anticipated to become an evarcreasing portion of
the U.S. proved reserves, whilat the same timeconventional gas reserves are decliningf
Over the last decade, production from unconventional sources has increasalmost 65%,
from 5.4 Tcf per year (Tcf/ Y) in 1998 to 8.9Tcf/ Yin 2007 (Exhibit 2). This means
unconventional production now

accounts for 46% of the total U.S. EXHIBIT 4: UNITED STATESUNCONVENTIONAIGAS

production .19

The lower 48 states have a wide
distribution of organic-rich shales
potentially containing vast resources
of natural gas (Exhibit3). Already,
the fledgling Barnett Shale play in
Texas produces 6% of all natural gas
produced in the lower 48 states?©

Exhibit 421 showsthat the projected
contribution of shale gasis predicted
to increaseto about 38% ofthe

OUTLOOK

& B B 8 ® 3

Production Capacity (Bef/day)

=
a

L]

19600 1952 1994 1996 199 2000 2002 2004 2006 2008 1010 2012 2004 2006 2008
Sowrre: Moctfed from Amenican Olean Shies, Summer 2008

3



Projecting the Economic Impact of Marcellus Shale Gas Development in West Virginia

overall unconventional gas production in the U.Shy 2018. Two technologic factors have
come together in recent years to make shale gas production economically viable: 1)
advances in horizontal drilling, and 2) advances hydraulic fracturing. Analystshave
estimated that by 2011 most new reserves growth (50% to 60%, or approximately Billion
cubic feet Bcf)/day) will come from unconventional shale gas reservoirg?2

SHALE GASDEVELOPMENT IN THEJNITED STATES
Shale Gas History

Shale formations across the U.S. have been developed to produce natural gas in b
continuous, volumes since the earliest years of gas development. Early supplies of natural
gas were derived from natural gas seeps and shallow gas wellsrefatively simple
construction.23 These wells and seeps typically produced the limited volumes of natural
gas suitable for domestic use and also played a key role in bringing illumination to the
cities and towns of the eastern U.8:25 In fact, the firstproducing gas well in the U.S. was
completed in 1821 in Devonianraged shale near the town of Fredonia, New Yagnkhere it
was used for lighting26.27

The first field-scale development of shale gas occurred in the Ohio Shale at Big Sandy Field

in Kentucky during the 1920s28 This field has recently experienced a resurgence of growth

and currently encompasses five countie® By the 1930s, gas from the Antrim Shale in

Michigan had experienced moderate development; however, it was not until the 1980s that
development began to expand rapidly to the point that it has now reached nearly 9,000

wells0) O xAO Al O ABOEI C OEA poynd OEAO 11A I & ¢
first kicked off in the area around Fort Worth, Texa8! The play was the BarnetShale, and

EOO OOAAAOO COAAAAA OEA ET AOOOOUGO AOOAT OETI
look at shaleas agasreservoir. Largescale hydraulic fracturing, a process first developed

in Texas in the 1950s, was first employed on a Barnett gavell in 1986; likewise, the first

Barnett horizontal well was drilled in 199232 In the ensuing two decades, the science of

shale gas extraction has matured into a sophisticated process utilizing horizontal drilling

and sequenced, multistage hydraulic facturing technologies. As the Barnett Shale play

has matured, natural gas producers have begun to export the lessons learned in the Barnett

to the other shale gas formations present across the U.S. and Can&da.

The combination of sequenced hydraulic fracre treatments and horizontal well

completions has been crucial in facilitating the expansion of shale gas development. Prior
to the successful application of these two technologies, shale gas resources in many basins
had been overlooked because produatn was not viewed as economically practicablé,

The low natural permeability of shale had been the limiting factor to the production of

shale gas resources because it only allows minor volumes of gas to flow naturally to a
wellbore.35 The characteristic d low-matrix permeability represents a key difference
between shale and other gas reservoirs. For gas shales to be economically produced, these
restrictions must be overcome3é The combination of reduced economics and low
permeability of gas shale formatbns historically caused operators to bypass these
formations and focus on other resource§’
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Shale Gas Geology

Shale gas is natural gas produced from shale formations that typically function as both the
reservoir and source for the natural gas. Thyshey are termed continuous autogenic (seH
sourced), unconventional reservoirs’® Gas shales are organidch shale formations that
were previously regarded only as source rocks and seals for gas accumulating in
stratigraphically-proximal, conventional sandstme and carbonate reservoirs?

Shale is a sedimentary rock that is predominantly comprised of consolidated clayzed
particles deposited as mud in lowenergy depositional environments. During the
deposition of these very finegrained sediments, therecan also be deposition of organic
matter in the form of algae, plant-, and animatderived organic debris4® The naturally
tabular clay grains tend to lie flat as the sediments accumulate and subsequently become
compacted as a result of additional sedimerdeposition. This results in mud with thin
laminar bedding that lithifies (solidifies) into thinly layered shale rock. The very fine sheet
like clay mineral grains and laminated layers of sediment result in a rock that has limited
horizontal permeability and extremely limited vertical permeability. Typical unfractured
shales have matrix permeabilities
EXHIBIT 5: MARCELLUSSHALE OUTCROP on the order of 0.01 to 0.00001
millidarcies.#! This low

permeability means that gas
trapped in shale cannot move
easily within the rock except over
geologc expanses of time (millions
of years).

The natural layering and fracturing
of shales can be seen in outcrop.
Exhibit 5 shows aMarcellus shale
outcrop which reveals the natural
bedding planes, or layers, of the
shale and neasvertical natural
fractures that can cut across the
naturally horizontal bedding
planes.

The natural gas can reside in
localized macraporosity systems

Source: ALL Consulting, 2009 (i.e. fracture porosity) within the

shale, or within the micro-pores of
the shale itself*2 It can also be adsorbed onto minerals or organic matter within the
shale#3 Wells may be drilled either vertically or horizontally and most are hydraulically
fractured to overcome the challenges of natural low permeability and thus stimulate
production.














































































