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Marcellus Shale Gas: Development Potential and Water Management Issues and Laws

Summary

Until relatively recently, natural gas-rich shale formations throughout the United States were not
considered to have significant resource value because no technologies existed to economically
recover the gas. Development and deployment of advanced drilling and reservoir stimulation
methods have dramatically increased the gas production from these “unconventional gas shales.”
The Marcellus Shale formation potentially represents one of the largest unconventional natural
gas resources in the United States, underlying much of West Virginia and Pennsylvania, southern
New York, eastern Ohio, western Maryland, and western Virginia. Directional drilling and
“hydraulic fracturing” are essential to exploiting these low permeability shale gas resources.
Although oil and gas developers have applied these technologies in conventional oil and natural
gas fields for some time, recent improvements in both technologies have allowed them to be
applied effectively to unconventional gas shales on an industrial scale.

While creating significant economic benefits, development of the Marcellus Shale faces
infrastructure challenges, such as the need for gathering pipelines. Marcellus development also
has generated controversy due to its potential scale and its potential impacts on land and water
resources, communities, public infrastructure, and environmental quality.

Several water quality issues have arisen, including concerns about the potential for hydraulic
fracturing operations to contaminate groundwater and drinking water supplies. The 111"
Congress urged the U.S. Environmental Protection Agency (EPA) to study this issue, and the
agency expects to publish initial research results in 2012 and a final report in 2014. Notably, EPA
does not have the authority to regulate hydraulic fracturing (except where diesel fuel is used).

Additionally, managing the large volumes of wastewater produced during natural gas production
(including flowback from hydraulic fracturing and water produced from the shale formation) has
emerged as a major water quality issue related to Marcellus development. In some areas across
the Marcellus Shale region, the geology may limit the use of underground injection wells (the
most common produced-water disposal practice in oil and gas fields), and wastewater disposal is
posing treatment, quality, and regulatory challenges. Both industry best practices and state
regulations continue to evolve.

Other concerns associated with shale gas development include the contamination of water from
surface spills, migration of methane gas and contaminants into residential water wells from faulty
well construction, siltation of streams from drilling and pad construction activities, and potential
impacts that large water withdrawals might have on water resources, streams, and aquatic life.

The development of the Marcellus Shale on private or state land is subject primarily to state laws
and regulations, including requirements for well construction and operation. Provisions of two
federal water quality laws—the Safe Drinking Water Act (SDWA) and the Clean Water Act
(CWA)—can apply to activities related to wastewater disposal through underground injection and
discharge to surface waters. Additionally, several of the states include watersheds that are subject
to water resource regulations resulting from the adoption of interstate compacts (primarily the
Delaware River Basin Compact and the Susquehanna River Basin Compact).

This report reviews the Marcellus Shale resource, development processes, and related surface
water and groundwater issues. It also discusses related federal and state regulatory authorities and
related developments, and pending federal legislation.
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Introduction

Until relatively recently, natural gas-rich shale formations throughout the United States were not
considered to have significant resource value because no technologies existed to economically
recover the gas. Development and deployment of advanced drilling and reservoir stimulation
methods have dramatically increased the gas production from these “unconventional gas shales.”
The Marcellus Shale formation of the Appalachian basin, in the northeastern United States,
potentially represents one of the largest unconventional natural gas resources in the United States.

Natural gas prices have fallen significantly in the last five years, but particularly since mid-2008
due in large part to the development of shale gas. Prices briefly exceeded $13 per million Btu
(MBtu) in 2008, but fell below $4 per MBtu by the summer of 2009." The Energy Information
Administration (EIA) expects that the Henry Hub spot price for natural gas will average $3.53 per
MBtu in 2012, a drop of $0.47 per MBtu from the 2011 average.” However, increased drilling
activity in Pennsylvania and West Virginia and industry presence in New York and Maryland
reflect strong interest in the Marcellus Shale. As a result, natural gas reserves in the United States
may show a significant increase.’ Low natural gas prices have raised expectations that demand
for natural gas will increase. Moreover, unlike the natural gas found in some regions, the gas
produced from the eastern portion of the Marcellus formation is of high enough quality that it
requires minimal treatment for injection into transmission pipelines. Multiple gas transmission
pipelines already serve the northeast United States. The Millennium Pipeline project in southern
New York could accommodate increased shale gas production from New York and parts of
Pennsylvania to serve the natural gas needs of the region. West Virginia may face obstacles to
developing additional pipeline capacity and other infrastructure, as its terrain is more rugged. Gas
producers would also have to construct an extensive network of gathering pipelines to bring the
gas out of the fields to market. One study by the Interstate Natural Gas Association of America
estimated that almost 60,000 miles of gathering pipelines would be needed in the Marcellus area.’

Directional drilling and “hydraulic fracturing” are essential to exploiting shale gas resources.
Although oil and gas developers have applied these technologies in conventional oil and natural
gas fields for some time, recent improvements in both technologies have allowed them to be
applied effectively to unconventional gas shales on an industrial scale. As a result, gas
development has expanded in traditional gas producing areas, and has moved into areas that may
have rugged topography, dense vegetation, higher population densities, and where residents may
be less familiar with the oil and gas exploration and production industry.

Shale gas development in the Marcellus region has been particularly controversial. The potential
economic benefits from both the drilling activities and the lease and royalty payments compete
with the public’s concern for environmentally safe drilling practices and protection of

" See U.S. Department of Energy (DOE), Energy Information Administration (EIA), Natural Gas page,
http://www.eia.doe.gov/oil gas/natural gas/info_glance/natural gas.html.

2 EIA, Short-Term Energy Outlook, December 6, 2011, http://www.eia.doe.gov/emeu/steo/pub/
contents.html#Natural Gas Markets.

3 “Reserves are those quantities of petroleum, which, by analysis of geoscience and engineering data, can be estimated
with reasonable certainty to be commercially recoverable ...” in: Society of Petroleum Engineers, Petroleum Resources
Management System, 2007, p. 3, http://www.spe.org/spe-app/spe/industry/reserves/prms.htm.

4 “INGAA: Study Predicts $20 Billion in Pipeline Projects Headed for Marcellus,” Pittsburgh Business Times, May 24,
2011.
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groundwater and surface water resources. Water supply is an important issue because hydraulic
fracturing requires large amounts of fresh water, but contamination of water resources is also a
major concern to many across the region.

As with oil and gas production generally, development of the Marcellus Shale is primarily subject
to state law and regulation, and requirements for well construction and operation differ among the
states. Additionally, provisions of two federal laws—the Safe Drinking Water Act (SDWA) and
the Clean Water Act (CWA)—can apply to some activities, specifically those related to
wastewater disposal through underground injection or discharge to surface waters. The SDWA
exempts from regulation the underground injection of fluids (except diesel fuel) for hydraulic
fracturing.’ Two bills introduced in the 112" Congress (as in the last Congress) would remove the
exemption and explicitly authorize regulation of hydraulic fracturing under the SDWA..°

As exploration and production activities have increased, so has concern that development of the
Marcellus Shale could harm human health and the environment. One concern is that hydraulic
fracturing or faulty well construction might damage groundwater and drinking water wells by
introducing chemicals, natural gas,” and other contaminants into aquifers. A second issue is the
potential contamination of water wells from surface activities related to gas production.
Accidental spills, leaky surface impoundments, equipment failure, or careless surface disposal of
drilling fluids® at the natural gas production site could increase the risk of contaminating a nearby
water well or run off to surface water.

Managing the wastewater produced from the fracturing process has emerged as a major water
resource issue in the Marcellus region. Critics maintain that improper treatment and disposal of
the large quantities of water used for, and resulting from, the hydraulic fracturing process may
harm local and regional water supplies and that disposing the “flowback” and brine extracted
from the shale after fracturing may affect the water quality of lakes, rivers, and streams and
potentially damage public wastewater treatment plants and water supplies.

Gas producers have pointed out that virtually all oil and natural gas production, including all the
historical conventional production in the United States, requires wells that penetrate the local
groundwater aquifers. Several shale gas contamination incidents have been attributed to poor well
construction or surface activities that would be associated with any oil or gas drilling and
production operation, and not just with the unique techniques associated with the hydraulic
fracturing process. However, these observations emphasize the importance of good well design

> The Energy Policy Act (EPAct) of 2005 (P.L. 109-58, §322), amended the SDWA to exempt from the definition of
underground injection the injection of fluids or propping agents (other than diesel fuel) for hydraulic fracturing
purposes. For a discussion of the background of this provision and the EPA underground injection control program and
its role in regulating hydraulic fracturing, see CRS Report R41760, Hydraulic Fracturing and Safe Drinking Water Act
Issues, by Mary Tiemann and Adam Vann.

®H.R. 1084 and S. 587, the Fracturing Responsibility and Awareness of Chemicals Act (FRAC Act), would amend the
SDWA to repeal the exemption for hydraulic fracturing operations that was established in EPAct 2005, and would
amend the term “underground injection” to include explicitly the injection of fluids used in hydraulic fracturing
operations related to oil and gas production, thus authorizing EPA to regulate this process under the SDWA.

" Methane is the dominant component of natural gas, but it may also contain lesser amounts of ethane, propane, butane,
and other hydrocarbons.

§ Drilling fluids are composed primarily of water and minerals in a mud used to remove drill cuttings during the drilling
process. Drilling fluids are different from the hydraulic fracturing fluids, which are introduced after the well is drilled.
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and construction for any wells that penetrate local aquifers, regardless of their purpose. (See
“Well Construction and Casing,” below.)

Incidents of well-water contamination have been reported as Marcellus Shale development has
expanded. In one case, Pennsylvania regulators confirmed that methane had migrated from
drilling sites to private drinking water wells, and issued notices of violations to a drilling
company for, among other things, “failure to prevent gas from entering fresh groundwater.” In
this case, state regulators attributed the contamination to faulty well construction."

In some cases of well-water contamination attributed to gas development in various gas
producing areas, the source of contamination remains undetermined. Identifying the cause of
contamination can be difficult for various reasons, including the complexity of hydrogeologic
processes and investigations, and a lack of baseline testing of nearby water wells prior to drilling
and fracturing, as well as the confidential business information status historically given to
fracturing compounds across the states. Major oil and gas producing states have asserted that the
hydraulic fracturing process has not been linked directly to groundwater contamination.''
However, contamination incidents attributed to poor well construction have raised concerns
regarding the adequacy and/or enforcement of state well construction regulations for managing
oil and gas development that increasingly depends on fracturing. This report discusses the
Marcellus Shale resource, technical methods used to develop it, and associated groundwater and
surface water issues.'? The report also discusses relevant federal and state regulatory authorities,
recent developments at the federal and state levels, and pending federal legislation."

The Marcellus Shale as a U.S. Natural Gas Province

Unconventional Gas Shale Resources in the United States

Unconventional gas shales are fine-grained, organic-rich, sedimentary rocks. The shales are both
the source of and the reservoir for natural gas, unlike conventional petroleum reservoirs. In the
shales, gas freely occupies pore spaces, and organic matter adsorbs gas on its surface."* The

? Pennsylvania Department of Environmental Protection (PA DEP), Consent Order and Agreement, November 4, 2009;
http://www.dep.state.pa.us/dep/deputate/minres/oilgas/Final%20COA%20121510.pdf. PA DEP determined that 18
drinking water supplies serving 19 homes in the Dimock, PA, area were affected by drilling activities.

1 John Hanger, Secretary, Pennsylvania Department of Environmental Protection, Letter to Cabot Oil, October 19,
2010, http://wbcitizensvoice.com/pdfs/HangerLetter.pdf.

" See, for example, the Ground Water Protection Council at http://www.gwpc.org. The GWPC is an association of
state groundwater and underground injection control agencies responsible for protecting and conserving groundwater.

12 Other environmental concerns associated with the development of the Marcellus Shale include potential air quality
impacts, increased truck traffic, and land use changes (including those related to the development of access roads,
gathering pipelines, and drill pads). Although such issues can be significant for state regulators, gas developers, local
communities, and landowners, they are not addressed in this report.

'3 This report replaces CRS Report R40894, Unconventional Gas Shales: Development, Technology, and Policy Issues,
coordinated by Anthony Andrews.

' The Society of Petroleum Engineers describes “unconventional resources” as petroleum accumulations that are
pervasive throughout a large area and that are not significantly affected by hydrodynamic influences. (They are also
called “continuous-type deposits.”) In contrast, conventional petroleum and natural gas occur in porous sandstone and
carbonate reservoirs. Under hydrodynamic pressure exerted by water, the petroleum migrated upward from its organic
source until an impermeable cap-rock (such as shale) trapped it in the reservoir rock. The “gas-cap” that accumulated
(continued...)
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shales’ extremely small pore sizes make them relatively impermeable to gas flow, unless natural
or artificial fractures occur.

Major gas shale basins exist throughout the lower 48 United States. There are at least 21 shale
basins in more than 20 states.'’ Based on a recent assessment of natural gas resources, the United
States has a resource base of 1,836 trillion cubic-feet (tcf).'® Shale gas made up an estimated one-
third of this resource base, roughly 616 tcf. The U.S. Geological Survey (USGS) estimated in
2011 that the Marcellus Shale holds 84 tcf of undiscovered, technically recoverable natural gas
and 3.4 billion barrels of natural gas liquids. Annual U.S. dry natural gas production has
improved significantly in the last half decade. The 22.4 tcf produced in 2010 matched the peak
production of the early 1970s, due in large part to unconventional resources, particularly gas
shales. In 2009, the United States reclaimed the top spot as the world’s largest natural gas
producer, the first time since 2001. EIA, in its 2011 Annual Energy Outlook reference case,
forecast shale gas production to grow from about 25% of total U.S. natural gas production in
2011 to 46% in 2035.

Geology of the Marcellus Shale Formation

The Marcellus Shale is a sedimentary rock formation deposited over 350 million years ago during
the middle-Devonian period on the geologic timescale. Geologic strata deposited in the
Appalachian basin during this period are more likely to produce gas than oil. Regional oil
production is associated with Pennsylvanian age strata (of the later Carboniferous period). The
black, organic-rich, Marcellus Shale lies beneath much of West Virginia, western and northeastern
Pennsylvania, southern New York, eastern Ohio, and parts of Virginia and Maryland. It is an
estimated 95,000 square miles in areal extent and ranges from 4,000 feet to 8,500 feet in depth,
running deeper the farther north it goes along the cross section.'” The shale’s thickness varies
from 50 feet to 250 feet. Some reports indicate that the shale may be as much as 900 feet thick in
places, however."® (See Figure 1.)

(...continued)

over the petroleum has been the source of most produced natural gas. After drilling a well into a conventional
petroleum reservoir, the pressure of the gas-cap and oil-dissolved gas may be adequate, initially, to lift the oil to the
surface (i.e., gas drive). Water trapping the petroleum from below also exerts an upward hydraulic pressure (water
drive). Petroleum reservoirs produced by the pressure of their natural gas and water drives are thus termed
“conventional drive.” After a reservoir’s production declines, lifting further petroleum to the surface requires
pumping—giving rise to the term “artificial lift.”

' Navigant Consulting, North American Natural Gas Supply Assessment, for Clean Skies Foundation, July 4, 2008.

'S Colorado School of Mines, Potential Gas Committee Reports Unprecedented Increase in Magnitude of U.S. Natural
Gas Resource Base, June 18, 2009, http://www.mines.edu/Potential-Gas-Committee-reports-unprecedented-increase-
in-magnitude-of-U.S.-natural-gas-resource-base.

" DOE, Office of Fossil Energy and the National Energy Technology Laboratory, Modern Shale Gas Development in
the United States: A Primer, DE-FG26-04NT15455, April 2009, http://fossil.energy.gov/programs/oilgas/publications/
naturalgas general/Shale_Gas_Primer 2009.pdf.

'8 U.S. Geological Survey, Assessment of Undiscovered Natural Gas Resources in Devonian Black Shales,
Appalachian Basin, Eastern U.S.A, Open-File Report 200-1268, 2005.
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Figure I.Marcellus Shale Location and Thickness Across the Region
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Source: Marcellus Center for Outreach and Research (MCOR), Penn State University,
http://www.marcellus.psu.edu.

Typically, thicker shales with greater organic material yield more gas, and thus are more
economically desirable to produce. Shale in northeast Pennsylvania and southeast New York has
these characteristics and produces dry pipeline quality natural gas.'® Shale in western New York
and western Pennsylvania produces a wetter gas that contains natural gas liquids that must be
removed from the gas before it can be piped and used. Natural gas liquids (NGL), such as ethane,
butane and propane, add to gas shale profitability and increase the incentive to produce the shale
when natural gas prices are low. (See Figure 2.)

' The natural gas received and transported by the major intrastate and interstate mainline transmission systems must
meet the quality standards specified by pipeline companies in the “General Terms and Conditions (GTC)” section of
their tariffs. These quality standards vary from pipeline to pipeline and are usually a function of a pipeline system’s
design, its downstream interconnecting pipelines, and its customer base. In general, these standards specify that the
natural gas be within a specific Btu content range (1,035 Btu per cubic foot, +/- 50 Btu); be delivered at a specified
hydrocarbon dew point temperature level (below which any vaporized gas liquid in the mix will tend to condense at
pipeline pressure); contain no more than trace amounts of certain components such as hydrogen sulfide, carbon dioxide,
nitrogen, water vapor, and oxygen; and be free of particulate solids and liquid water that could damage the pipeline or
its ancillary operating equipment. EIA, Natural Gas Processing: The Crucial Link Between Natural Gas Production
and Its Transportation to Market, http://www.eia.doe.gov/pub/oil gas/natural gas/feature articles/2006/ngprocess/
ngprocess.pdf.
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Figure 2. Marcellus Shale Depth and Transition Between Wet and Dry Gas
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Source: Marcellus Center for Outreach and Research (MCOR), Penn State University,
http://www.marcellus.psu.edu.

Note: Natural gas liquids (NGL) that may be present in wet gas include butane, ethane, and propane.

The Utica Shale is an organic-rich black shale source rock that underlies the Marcellus Shale. It
contains both conventional oil and gas resources and unconventional gas resources. The majority
of the oil and natural gas discovered in this petroleum system is located on the east-dipping,
western flank of the Appalachian basin in central and eastern Ohio, northwestern Pennsylvania,
and western New York. Generally, the oil and (or) gas fields produce from a variety of lower
Paleozoic reservoirs at depths of less than 6,000 feet. The total Utica—Lower Paleozoic petroleum
system is estimated to represent an estimated 1.8 billion to 2.4 billion barrels of oil equivalent
(BBOE).*

USGS has identified three principal hydrogeological (groundwater) environments overlying the
Marcellus Shale: (1) glacial sand and gravel aquifers in New York, northern Pennsylvania, and
northeastern Ohio, (2) valley-and-ridge carbonate rock and other aquifers in Pennsylvania and
eastern West Virginia, and (3) Mississippian sandstone aquifers in northern Pennsylvania and
northeastern Ohio. These aquifer systems are important supplies of fresh water for communities

20 USGS, Assessment of Appalachian Basin Oil and Gas Resources: Utica-Lower Paleozoic Total Petroleum System,
Open-File Report 2008-1287, 2008.
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and landowners, especially in rural areas, although most residents of these states generally obtain
their drinking water from surface water sources. Typically, these aquifers are much closer to the
ground surface than the Marcellus Shale, which can be thousands of feet deep; the groundwater
wells in these states may reach only several hundred feet in depth.

The layers of rocks separating most fresh water aquifers from the Marcellus Shale are typically
siltstones and shales layered with minor sandstones and limestone. Siltstones and shales generally
act as barriers to fluid flow. These intervening layers of rocks can be several thousand feet thick
in the eastern and northern portions of the area where the Marcellus Shale is deepest. On the
western and southern portions of the area, the Marcellus Shale is shallower, and separated from
the potentially usable groundwater above by a thinner package of siltstones and shales. An
overarching concern for developing the Marcellus Shale is the potential for affecting the
overlying aquifers.

Natural Gas Resource Potential of the Marcellus Shale

The Marcellus Shale’s resource potential has been the subject of various interpretations. A 2005
USGS estimate placed the shale’s mean undiscovered conventional natural gas resource potential
at nearly 2 tcf, and possibly as high as 12 tcf, considering the total extent of Devonian/Ohio basin
shales (which include the Marcellus formation), with the qualification that not all of the gas may
be economically recoverable. At the time of the 2005 estimate, hydraulic fracturing was not yet
being used to recover gas from shale, and that USGS estimate include no unconventional
resources.

A 2008 estimate by two geoscience professors raised the resource potential to 516 tcf, based on
limited production data from companies using horizontal drilling and hydraulic fracturing to
recover the shale gas.”' In July 2011, EIA released a contractor report reviewing various shale gas
plays throughout the United States.”” The report estimated that ultimate recovery from the current
area under lease (10,622 square miles) could reach 177.9 tcf, and the undeveloped areas (84,271
square miles) could reach 232.4 tcf (for a combined total of 410.3 tcf). EIA also estimated that a
Marcellus well may ultimately produce 2.3 billion cubic feet (bcf) of natural gas, on average.
Assuming $4 per 1,000 cubic feet of gas at the well head (comparable to current prices),
producers might realize $9 million per well.

In August 2011, USGS revised its assessment to include more detailed geologic studies of the
Marcellus Shale using recent shale gas production data to estimate both conventional and
unconventional volumes of undiscovered, technically recoverable shale gas. The new USGS
assessment increased the mean undiscovered estimate to slightly more than 84 tcf.” Although
considerably higher than its 2008 estimate, it is substantially lower than EIA’s 2011 estimate (and
thus the recent controversy about conflicting government estimates of shale gas in the Marcellus
Shale).

2! Terry Engelder, “Marcellus,” Basin Oil & Gas, August 2009, pp. 18-22, http://www.fwbog.cony.
22 EIA, Review of Emerging Resources: U.S. Shale Gas and Shale Oil Plays, July 2011.

2 USGS, dssessment of Undiscovered Qil and Gas Resources of the Devonian Marcellus Shale of the Appalachian
Basin Province, 2011; Fact Sheet 2011-3092; August 2011.
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Both EIA and USGS have significantly revised their technically recoverable resource (TRR)
estimates for the Marcellus Shale based on newly available information. Using data though 2010,
USGS increased its TRR estimate to 84 tcf from its 2002 estimate of 2 tcf. (USGS assigned a
90% confidence level that the TRR ranges from 43 to 144 tcf.) EIA decreased its estimate for the
Marcellus Shale from 410 tcfto 141 tcf. EIA used more recent drilling and production data
availa‘t;zl‘e through 2011 and excluded production experience from the pre-shale era (before

2008).

The various estimates of the Marcellus resource potential appear to hinge on assumptions made
regarding the success in applying advanced drilling and well stimulation technology. However,
reconciling these estimates exceeds this report’s scope.

Regional Natural Gas Supply and Demand

In 2009, the northeast region consumed roughly 4 tcf of natural gas.”> New York led the region in
consumption, with over 1.14 tcf. The United States as a whole consumed nearly 23 tcf.*® The
northeast region produced roughly 580 bef of natural gas from more than 121,000 operating gas
wells. Pennsylvania and West Virginia combined made up nearly 89% of the production, with
New York and Virginia making up the balance.”” In summary, the region consumes about seven
times as much natural gas as it currently produces. The 410.3 tcf of gas, estimated by EIA as
technically recoverable from the Marcellus Shale, would be sufficient to supply the region
through the century at the current rate of consumption. The USGS estimate of 84 tcf would
supply the region’s entire natural gas demand for more than 21 years at current rates of
consumption.

Pipelines are needed to collect and distribute natural gas, and the major pipeline infrastructure in
the northeast/mid-Atlantic region is in place to take advantage of Marcellus production. Twenty
interstate natural gas transmission pipelines serve the northeast region of the United States. (See
Figure 3.) This pipeline system delivers natural gas to several intrastate natural gas pipelines and
at least 50 local distribution companies in the region. In addition to the natural gas produced in
the region, several long-distance natural gas transmission pipelines supply the region from the
Southeast into Virginia and West Virginia, and from the Midwest into West Virginia and
Pennsylvania. Canadian imports come into the region principally through New York, Maine, and
New Hampshire. Liquefied natural gas (LNG) supplies also enter the region through import
terminals in Massachusetts, Maryland, and New Brunswick, Canada.

Although the gas-transmission pipeline network needed to supply the northeast United States is in
place, gas producers would need to construct an extensive network of gathering pipelines and
supporting infrastructure to move the gas from the well fields to the transmission pipelines. A lack
of this infrastructure may constrain development in some parts of the Marcellus region.

2 EIA, AE02012 [Annual Energy Outlook] Early Release Overview, January 2012, http://www.eia.gov/forecasts/aco/
er/.

B EIA, Natural Gas Consumption by End Use, http://tonto.eia.doe.gov/dnav/ng/ng_cons_sum_dcu_nus_a.htm.

26 Reported by EIA as 22.84 tcf for 2009, and 24.13 tcf for 2010, http://tonto.eia.doe.gov/dnav/ng/

ng cons _sum_dcu_nus_a.htm.

27 Ohio lies outside the northeast region but is a significant gas producing state with Devonian and also Marcellus Shale
gas resources. In 2009, Ohio had some 35,000 operating gas wells; the state produced 0.98 tcf and consumed 0.74 tcf of
natural gas.
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Figure 3. Northeast Region Natural Gas Pipeline Network
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Source: EIA, Office of Oil & Gas, Natural Gas Division, Gas Transportation Information System,
http://www.eia.doe.gov/pub/oil_gas/natural_gas/analysis_publications/ngpipeline/northeast.html.

Note: Includes Connecticut, Delaware, Massachusetts, Maine, New Hampshire, New Jersey, New York,
Pennsylvania, Rhode Island, Virginia, and West Virginia.

Shale Gas Well Drilling and Stimulation

Well drilling technology has progressed markedly over the last 50 years. An important recent
advance in drilling is the ability to direct the drill bit horizontally beyond the region immediately
beneath the drill rig.”® It is this directional drilling, in combination with hydraulic fracturing, that
has made it feasible to develop the Marcellus Shale and other unconventional gas and oil
formations.

Directional drilling offers a significant advantage over vertical well drilling in developing gas
shales. In the case of thin or inclined shale formations, a long horizontal well increases the length
of the well bore in the gas-bearing formation and therefore increases the surface area for gas to

28 Early directional drilling involved placing a steel wedge down-hole (whipstock) that deflected the drill toward the
desired target, but lacked control and consumed time. Advances such as steerable down-hole drill motors that operated
on the hydraulic pressure of the circulating drilling mud offered improved directional control. Newer rotary steerable
systems introduced in the 1990s drill directionally with continuous rotation from the drilling rig at surface. Continuous
rotation eliminates the need to slide a steerable down-hole motor. Rotation also leads to higher rates of penetration and
fewer incidents of the drill-string sticking. Schlumberger, Better Turns for Rotary Steerable Drilling: Overview,
http://www.slb.com/content/services/resources/oilfieldreview/ori002/01.asp?.

Congressional Research Service 9



Marcellus Shale Gas: Development Potential and Water Management Issues and Laws

flow into the well. Directional drilling technology also enables drilling a number of wells from a
single well pad, thus cutting costs and reducing environmental disturbance. (See Figure 4.)
However, this drilling technique alone is often insufficient to significantly improve gas
production without some means of artificially stimulating flow. In tight formations like shale,
inducing fractures can increase flow by orders of magnitude. However, before stimulation can
take place, the well must be cased, cemented, and completed (the well casing perforated).

Figure 4.Traditional Wells vs. Multi-Well Pad
(multi-well pad (right) used in Marcellus Shale)
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Traditional Vertical Well Spacing: idealized Horizontal Well Spacing:
32 Separate Padsites Needed For 32 Wells, 1 Padsite Yields Up To 32 Wells.
{Mathod nat used by Chesapeake) {Chesapeake method)

Source: Chesapeake Energy, http://www.askchesapeake.com/Eagle-Ford-Shale/Drilling/Pages/information.aspx.
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In the late 1940s, drilling companies began inducing hydraulic pressure in wells to fracture the
producing formation. This fracturing process stimulated further production by effectively
increasing the area from which a single well could produce gas. Combining hydraulic fracturing
with directional drilling has opened up production of tighter (less permeable) petroleum and
natural gas reservoirs, and in particular, unconventional gas shales like the Marcellus.

Well Construction and Casing

Wells, whether commercial gas and oil or municipal water-supply, use a series of telescoping steel
well casings to prevent well-bore collapse and water infiltration while drilling. The casing also
conducts the produced reservoir fluids (gas or oil) to the surface. A properly designed and
cemented casing also prevents reservoir fluids from infiltrating the overlying aquifers.

During the first phase of drilling, termed “spudding-in,” shallow casing is installed underneath
the drilling platform to reinforce the ground surface. Drilling continues to the bottom of the water
table (or the potable aquifer), at which point the drill string is removed to lower a second casing
string, which is cemented-in and plugged at the bottom. Dril