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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 111th 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.







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




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 2009.1 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.2 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.3 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.4

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 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.5 Two bills introduced in the 112th Congress (as in the last Congress) would remove the exemption and explicitly authorize regulation of hydraulic fracturing under the SDWA.6

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,7 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 fluids8 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 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."9 In this case, state regulators attributed the contamination to faulty well construction.10

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.11 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.12 The report also discusses relevant federal and state regulatory authorities, recent developments at the federal and state levels, and pending federal legislation.13


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.14 The 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.15 Based on a recent assessment of natural gas resources, the United States has a resource base of 1,836 trillion cubic-feet (tcf).16 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.17 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.18 (See Figure 1.)










	Figure 1. Marcellus Shale Location and Thickness Across the Region




	



	
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.19 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.)










	Figure 2. Marcellus Shale Depth and Transition Between Wet and Dry Gas




	



	
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).20

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 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.21 In July 2011, EIA released a contractor report reviewing various shale gas plays throughout the United States.22 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.23 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).

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 tcf to 141 tcf. EIA used more recent drilling and production data available through 2011 and excluded production experience from the pre-shale era (before 2008).24

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.25 New York led the region in consumption, with over 1.14 tcf. The United States as a whole consumed nearly 23 tcf.26 The northeast region produced roughly 580 bcf 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.27 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.










	Figure 3. Northeast Region Natural Gas Pipeline Network




	



	
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.28 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 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)




	



	
Source: Chesapeake Energy, http://www.askchesapeake.com/Eagle-Ford-Shale/Drilling/Pages/information.aspx.








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. Drillers use special oil-well cement that expands when it sets to fill the void between the steel casing and the rock wellbore.

When properly constructed, surface casing and the casing extending to the bottom of the water table should prevent water from flooding the well while also protecting the groundwater from contamination by drilling fluids and reservoir fluids. (The initial drilling stages may use compressed air in place of drilling fluids to avoid contaminating the potable aquifer.) Drilling and casing then continue to the "pay zone"—the formation that produces gas or oil. The number and length of the casings will depend on the depth and the properties of the geologic strata. (See Figure 5.)










	Figure 5. Typical Well Casing and Horizontal Well Schematic




	



	
Source: American Petroleum Institute, http://www.api.org/policy/exploration/hydraulicfracturing/upload/HYDRAULIC_FRACT_ILLUSTRATION_121609.pdf.


Note: Graphic is not necessarily a shale well and is not to scale.








After completing the well to the target depth and cementing-in the final casing, the drilling operator may hire an oil-well service company to run a "cement evaluation log." An electric probe, lowered into the well, measures the cement thickness to detect anomalies that may correlate with voids in the cement. A cement evaluation log provides the critical confirmation that the cement will function as designed—preventing well fluids from bypassing outside the casing and infiltrating overlying formations. Absent any cement voids, the well is ready for completion. A perforating tool that uses explosive shape charges punctures the casing sidewall at the pay zone. The well may then start producing under its natural reservoir pressure or, as in the case of gas shales, may need stimulation (i.e., hydraulic fracturing). Good well construction is key to protecting ground water during gas production, and complaints that well stimulation treatments (discussed below) affect drinking-water wells may have links to poor well construction practices.


Hydraulic Fracturing

Despite the Marcellus Shale formation's abundant content of natural gas, the gas does not flow freely from the shale because of its low permeability. Economic production depends on some means of artificially stimulating the shale to liberate gas. Hydraulic fracture stimulation treatments have been adapted to unconventional shale formations, such as the Barnett Shale (TX) and Haynesville Shale (AR, LA, and TX), and more recently the Marcellus Shale.

Hydraulic fracturing involves injecting large volumes of water containing sand or other proppant into production wells.29 Specialized chemicals are also included in the fracture fluid as surfactants or for other purposes, and the fluid is injected under enough pressure to fracture low-permeability geologic formations containing oil and/or natural gas.30 The sand or other proppant holds the new fractures open to allow the oil or gas to flow freely out of the formation and into a production well.

Typical "frac" treatments or frac jobs (as they are commonly known) are massive operations. The oilfield service company contracted for the work may take a week to stage the job and a convoy of trucks to deliver the equipment and large volumes of water and materials required.

One company involved in developing gas shale offered the following description of a frac job:31

Shale gas wells are not hard to drill, but they are difficult to complete. In almost every case, the rock [pay zone] around the wellbore must be hydraulically fractured before the well can produce significant amounts of gas. Fracturing involves isolating sections of the well in the producing zone, then pumping fluids and proppant (grains of sand or other material used to hold the cracks open) down the wellbore through perforations in the casing and out into the shale.

The pumped fluid, under pressures up to 8,000 psi, is enough to crack shale as much as 3,000 ft in each direction from the wellbore. In the deeper high-pressure shales, operators pump slickwater (a low-viscosity waterbased fluid) and proppant. Nitrogen-foamed fracturing fluids are commonly pumped on shallower shales and shales with low reservoir pressures.

Ideally, hydraulic fractures propagate outward from the section of the well casing where it has been perforated (completed prior to the frac job). In vertical wells, the fracture height approximates the length of the perforated casing section, which is confined to the thickness of the formation to maximize production. In horizontally drilled wells, the height and depth of the fracture depend on the thickness of shale formation (in the case of the Marcellus) and the physical properties of the overlying rock formations to confine the fracture. Frac treatments attempted at too shallow a depth may result in horizontally oriented fractures (which is undesirable), and some state regulations identify minimum fracture depths. As noted, the depth of the Marcellus where production is occurring generally places it far below any potential groundwater aquifers, and the possibility of creating a fracture that reaches the near surface is remote. However, geology is never 100% predictable or certain. (See discussion under "Potential Risks to Groundwater," below.)


Fracturing Fluids

Fracturing fluid functions in two ways: opening the fracture and transporting the "propping" agent (or proppant) the length of the fracture.32 As the term propping implies, the agent functions to prop or hold the fracture open to create conductive paths for the natural gas to reach the wellbore so it can be produced. Silica sands and ceramic beads are the most commonly used proppants.

Water-based fluids consist of 99% water, with the remainder made up of additives.33 Acid-based fluids also use hydrochloric acid to dissolve the mineral matrix of carbonate formations (limestone and dolomite) and thus improve porosity; the reaction produces calcium chloride salt and carbon dioxide gas. Gelling agents, based on water-soluble polymers such as vegetable-derived guar gum, adjust frac fluid viscosity. The most widely used additives for breaking down fluid viscosity after fracturing are oxidizers such as ammonium (NH+4), potassium, and sodium salt of peroxydisulfate (S2O8-2); enzyme breakers may be based on hemicellulase (actually a mixture of enzymes which can hydrolyze the indigestible components of plant fibers). Silica flour serves as good fluid-loss additive. Biocides added to polymer-containing fluids prevent degradation of the polymers by bacteria (as the polysaccharides (sugar polymer) used to thicken water are an excellent food source for bacteria). Methanol (an alcohol) and sodium thiosulfate (Na2S2O3—an antidote to cyanide poisoning) are commonly used stabilizers added to prevent polysaccharide gels degrading above temperatures of 200°F. Notably, the service companies adjust the proportion of these and many other frac fluid additives to the unique conditions of each well. In addition to the water-based frac fluids, oil-based fluids are used in hydrocarbon bearing formations susceptible to water damage, but they are expensive and difficult to use. They have been used primarily in coal-bed methane frac jobs. At the federal level, the Occupational Safety and Health Administration (OSHA) requires that material safety data sheets (MSDS) accompany each chemical used on the drill site, but the proportion of each chemical additive may be kept proprietary.34 A number of states recently have adopted new or expanded disclosure rules for chemicals used to stimulate wells.35


Hydraulic Fracture Process

It is in the operating company's interest to control the fractures and keep them within the formation to maximize production. Fracture treatments are planned, monitored, and adjusted operations that proceed in stages. Before beginning a treatment, the service company performs a series of tests on the well to determine if it is competent to hold up to the hydraulic pressures generated by the fracture pumps.

In the initial stage, a hydrochloric acid (HCl) solution pumped down the well cleans up residue left from cementing the well casing. The portion of the well that lies within the shale is separated into zones, and each zone is isolated from the rest of the well (with a cement barrier or mechanical device) and fractured separately by the application of very high pressures to the shale via the fracking fluid containing proppants and chemical additives. Each successive "frac" stage pumps fluid (slickwater) and proppant down the well into each isolated zone to open and propagate the fracture further into the formation. The treatment may last upwards of an hour or more, with the final stage designed to flush the well. Marcellus wells are likely to receive multiple treatments to produce multiple fractures within each zone along the horizontal wells.

A fracture treatment for a single zone may consume more than 500,000 gallons of water.36 Wells subject to multiple treatments consume 3 million to 5 million gallons or more. For comparison, an Olympic-size swimming pool holds over 660,000 gallons of water, and the average daily per capita consumption of fresh water (roughly 1,430 gallons per day) works out to 522,000 gallons over one year.37

The high injection pressure not only opens and propagates the fracture but also drives fluid into the shale's pore spaces. A high volume of fluid remains in the fracture and impedes gas flow to the well if not pumped out. The subsequent "flowback" treatment attempts to recover as much of the remaining fluid as possible without removing the proppants. The "flowback" water pumped out of the well along with brine from the shale formation may be high in dissolved salts and frac chemicals, however, making it unsuitable for continued use, and thus requiring disposal through deep well injection or treatment before reuse or disposal to surface water. After the well begins producing gas, it may produce more flowback water. Flowback disposal presents environmental issues, as discussed in the "Surface Water Quality Protection" section below.


Potential Risks to Groundwater

The geologic environment that led to the deposition of the Marcellus Shale, and the overlying layers of siltstone, shale, sandstone, and limestone has kept gas from the Marcellus Shale confined at depth, and prevented it from naturally migrating upward into fresh water aquifers. The process of developing a shale gas well—drilling through an overlying aquifer, stimulating the well via hydraulic fracturing, completing the well, and producing the gas—is an issue of concern for increasing the risk of groundwater contamination. Typically, well drilling and completion practices, as described above, require that the well be sealed by casing throughout the aquifer interval. A properly cased well would allow the gas to be produced up the well to the surface, while preventing drilling fluids, hydraulic fracturing fluids, or natural gas from leaking into the permeable aquifer and contaminating groundwater. Similarly, groundwater in the aquifer would be prevented from leaking down the well where it could interfere with the gas production process.

The challenge of sealing off the groundwater and isolating it from possible contamination is not unique to development of the Marcellus Shale; thousands of oil and gas wells in New York, Pennsylvania, West Virginia, and eastern Ohio also require similar well drilling and proper casing procedures to protect groundwater resources. The inset to Figure 4 shows how a well could be designed to protect against leakage into a drinking water aquifer by a succession of casing types down the well from the surface through the aquifer. To protect against contamination, the well must be properly designed and properly constructed. Problems could arise even for a properly designed well—for example, if the casing is not properly cemented, and gaps or pockets in the cement provide a pathway for fluids to migrate outside the casing. Improperly cemented wells might also allow gas or brine to leak into the well from gas-bearing shale formations thousands of feet above the Marcellus. The gas and brine could migrate up the well outside of the casing into an overlying drinking water aquifer. As with the development of other gas-bearing formations, sound well construction and operating practices are essential to reducing the risk of groundwater contamination in the Marcellus Shale region.

Another concern is the possibility of introducing contaminants into aquifers from the hydraulic fracturing process itself, described above. Hydraulic fracturing is intended to induce new fractures into the Marcellus Shale and/or lengthen existing fractures. Concerns have been raised that this process would create or extend fractures linking the Marcellus Shale to an overlying aquifer and provide a pathway for gas or fracturing fluids to migrate. The chances of this occurring are likely remote, because the vertical distance separating the Marcellus Shale from most aquifers is usually much greater than the length of the fractures induced during hydraulic fracturing. Also, thousands of feet of rock layers typically overlie the Marcellus Shale and serve as barrier to flow. It should be noted, however, that if the shallow portions of the Marcellus Shale are developed, then the thickness of the overlying rocks would be less and the distance from the Marcellus to drinking water aquifers would be shorter, posing more of a risk to groundwater.38

Engineers designing and carrying out the hydraulic fracturing procedure have an incentive to keep the fractures contained within the gas producing shale. Extending the fractures into a surrounding formation might allow saline fluids or brines to enter the induced fracture and flow into the gas producing portion of the shale, which could significantly hamper gas production. Even if hydraulically induced fractures extend into overlying formations, the possibility for fluids to leak upward into an aquifer is remote, unless those fractures are also connected to some other pathway, such as leaky wells and casings.

In the Marcellus Shale region, a single well may need multiple hydraulic fracture treatments, which could require injecting 3 million to 5 million gallons or more. After the formation is hydraulically fractured, a portion of these fluids is typically recovered and pumped back out of the well to the surface. In the Marcellus region, typically less than 35% of injected fluids are recovered at the surface.39 Historically, produced waters from oil and gas wells have been disposed of by injecting them into deep wells or treating them before disposal into surface waters.40 Underground injection is not always a practical or economic option in the Marcellus Shale region. (See "Underground Injection of Shale Gas Wastewater.")

If these recovered fluids are improperly disposed of at the surface and allowed to infiltrate from the ground surface downward, they could present a risk for contaminating shallow groundwater. Improper surface disposal could pose a particular risk for shallow aquifer systems in northern Pennsylvania and southern New York that are composed of very permeable unconsolidated sand and gravel deposits. Many of these surficial sand and gravel aquifers form valley-fill deposits, in low-lying areas or stream valleys, and are recharged by precipitation that runs off surrounding, less permeable uplands.41 As such, they would be particularly susceptible to leaky surface impoundments or careless surface disposal because of the relatively short distance and travel time from the land surface to the top of the water table. New York, for example, has deemed these unconsolidated sand and gravel aquifers "primary" or "principal" aquifers, which are highly productive and presently are used as a significant source of water, or are a potentially abundant water supply.42

Leaks resulting from improper disposal of fluids at the surface could be exacerbated by poorly constructed drinking water wells in the vicinity. Generally, drinking water wells are shallower than natural gas wells, may not be cased for the entire depth, and may not be subject to the same level of oversight and scrutiny as natural gas wells. A water well that is not cased from the surface, or is not constructed and cased properly, might allow contaminated water to flow from the ground surface and enter the water well, possibly compromising the quality of drinking water in the well and even contaminating the aquifer itself. In such instances, and particularly where natural gas drilling and stimulation activities are nearby, leaky surface impoundments or careless surface disposal of drilling fluids at the natural gas operation could increase the risk of contaminating the nearby water well.

A further confounding factor in regions where drinking water wells and natural gas wells are in close proximity is the possibility of water well contamination from surface waters unrelated to drilling activities. For example, a leaky septic system, or improper disposal of domestic refuse such as car batteries or used oil, can leak from the surface into the water well. If this is the case, a dispute could ensue as to who may be responsible for contaminating the water well. Resolving the dispute could involve a hydrogeological investigation, possibly combined with chemical analysis or isotopic analysis, to prove or disprove any linkage between natural gas development activities and water well contamination, often at considerable expense and with an uncertain outcome, given the complexity of groundwater flow at most sites.


Federal and State Laws and Regulations Affecting Marcellus Shale Gas Development

Development of natural gas resources in the Marcellus Shale is subject to regulation under several state and federal environmental laws. In particular, the large volumes of water needed to drill and hydraulically fracture the shale, and the disposal of this water and other wastewater associated with gas extraction, may pose significant water quality and quantity challenges that trigger regulatory attention. USGS noted in a 2009 publication that "concerns about the availability of water supplies needed for gas production, and questions about wastewater disposal have been raised by water-resource agencies and citizens through the Marcellus Shale gas development region."43 Essentially all permitting, inspection, and enforcement activities related to gas development are conducted by state agencies. In the cases where federal laws may apply, these regulatory requirements also are typically administered by the states. The following sections review key provisions of two relevant federal laws—the Safe Drinking Water Act (SDWA) and the Clean Water Act (CWA)—and related state requirements.


Surface Water Quality Protection

As previously described, hydraulic fracturing involves injecting water, proppants, and chemicals into the shale layer at extremely high pressures, which creates fractures that allow natural gas to flow from the shale. It is a water-intensive practice. Typical Marcellus Shale projects may use 3 million to 5 million gallons of water, although pumped fluid volumes of 7 million to 8 million gallons are not unusual; 0.5 million pounds of sand or other proppant; and smaller amounts of chemicals for each well. Furthermore, production sites may have multiple wells. Regarding the Marcellus Shale region, USGS observed "many regional and local water management agencies are concerned about where such large volumes of water will be obtained, and what the possible consequences might be for local water supplies."44

Some of the injected fluids remain trapped underground, but a portion of the injected water—in the Marcellus Shale region, roughly 9% to 35%—returns to the surface as "flowback" after the frac treatment. It typically contains proppant (sand) and chemical residues as well as metals and trace amounts of naturally occurring radioactive elements that may be present in the water produced from the geologic formations.45 USGS notes that because the quantity of fluid used is so large, the additives in a 3 million-gallon frac job would yield about 15,000 gallons of chemicals in the waste.46 Frac fluid flowback returns to the surface in the first few weeks, although flowback can continue for several months after gas production has begun but slows over time. Normally, flowback fluid is stored on-site until it can be disposed of or reused. That is, the well service company may temporarily retain the flowback in tanks or open-air, lined retention ponds before reusing it, if possible. Flowback waters from natural gas well drilling activities can generally be recycled until they reach certain very high concentrations of total dissolved solids (TDS), at which point the wastewater must be disposed. In the Marcellus Shale region, wastewater management is particularly of interest in the states where natural gas drilling and production that uses hydraulic fracturing already occurs—Pennsylvania, West Virginia, and eastern Ohio—or is expected to begin soon—New York.

Many natural gas operations in the Marcellus Shale region have begun employing on-site treatment processes to facilitate reuse of the flowback fluids, especially in light of technical and regulatory constraints to offsite options, discussed below. Several companies have introduced mobile and fixed treatment units using processes such as evaporation, distillation, oxidation, and membrane filtration for recycling and reuse. On-site treatment technologies may be capable of returning 70%-80% of the initial water to potable water standards, thus making the water immediately available for reuse. The remaining 20%-30% is very brackish and considered brine water. A portion may be further recoverable as process water, but not to achieve potable water standards. The economics of any such options are critical, and site factors such as available power and final water quality are often the determinant in treatment selection. Ultimately, flowback water and production brine that are not reused require proper disposal, either through underground injection or treatment and surface discharge.

As described below ("Underground Injection of Shale Gas Wastewater"), produced water from natural gas extraction may be disposed of through underground injection. Although this disposal method is commonly used in other shale plays, in some areas across the Marcellus Shale region (such as northeastern Pennsylvania), the local geology can limit the disposal of wastewater through underground injection wells. Where underground injection is not feasible, the well service company may discharge the flowback and other produced water to surface waters if the discharge does not violate a stream or lake's water quality standards. Standards established by states under Section 303 of the Clean Water Act (CWA) protect designated beneficial uses of surface waters, such as recreation or public water supply.47 But direct discharge of untreated flowback and formation brine water is rarely possible in the Marcellus Shale region, because of the chemical additives, naturally occurring contaminants, and salinity found in the wastewater.

Because contaminants present in the flowback broadly prevent discharge to surface water without further treatment, it is likely that the service company will transfer the wastewater off-site to an industrial treatment facility or a municipal sewage treatment plant for processing the wastewater. In this case, the operator of the publicly owned treatment works (POTW) or private centralized waste treatment (CWT) facility would assume responsibility for treating the waste before discharging it into nearby receiving water in compliance with effluent limits contained in the facility's discharge permit.48

The chemical frac additives returned in flowback and the produced brine could cause operational problems for POTWs. First, chemical contaminants in industrial process wastewaters can kill the biota essential to a POTW's operation. Second, if TDS or other contaminants pass through the POTW without adequate treatment, the discharge could violate water quality standards. TDS is an indicator of salinity, which can be toxic to aquatic organisms. If wastewater is discharged from a POTW or CWT without adequately removing contaminants, the discharges also may contribute to impaired drinking water quality for downstream users. In that regard, there is particular concern for bromides and other salts that comprise TDS, as these chemicals can combine with chlorine in drinking water treatment processes to potentially form carcinogenic disinfection byproducts (DBPs).

The potential scale of natural gas drilling and extraction in the Marcellus Shale region has enormous wastewater management implications, as described by Pennsylvania regulators.49

The Marcellus Shale play has resulted in thousands, and will result in tens of thousands, of new sources of natural gas drilling wastewaters. Although the industry has shown some recent success with reduction in volumes of wastewater needing treatment through the recycling and reuse of flowback and production waters, it is clear that the future wastewater return flows and treatment needs will be substantial.... This play, estimated to contain as much as 500 trillion cubic feet of recoverable natural gas, could result in the development of up to 50,000 new, producing gas wells over the next 20 years.... These wells are anticipated to produce very highly concentrated TDS wastes (over 300,000 mg/L) continuously over the course of 20 to 30 years. For example, if these wells produce an average of ten barrels per week of produced water over their useful lives, a single average well could produce about 27 tons of salt per year (at 300,000 mg/L). Multiply this amount by tens of thousands of Marcellus gas wells, and the potential pollutional effects from these loadings are tremendous. Finally, not enough is known at this point about whether Marcellus wells may need to be "re-fracked" one or more times in the future, thus providing additional uncertainty regarding treatment and disposal needs for the wastewater.

Conventional POTW technology is largely ineffective at treating flowback and brine from gas extraction operations in the Marcellus Shale region. POTWs may remove heavy metals, but the processes employed generally do not actually treat for the very high-TDS concentrations, sulfates, chlorides, or radionuclides in natural gas drilling wastewater. In particular, the very high concentrations of TDS will necessitate treatment by evaporation/distillation technology, which is not typically standard at municipal sewage treatment plants.

Under the Clean Water Act (CWA), regulatory authorities must ensure that permits issued to a POTW or CWT adequately account for and limit discharges of contaminants that could harm aquatic life in streams and rivers. If wastewater is transported to a CWT for treatment, subsequent discharges are subject to EPA-established limitations and standards that are reflected in the facility's permit.50 If wastewater is transported to a POTW, the facility's permit must include conditions requiring characterization of effluent introduced to the plant, to ensure that incompatible wastes are not allowed. Throughout the Marcellus Shale region, states are authorized to implement these provisions of the CWA and to oversee facilities' compliance with CWA permits.51

EPA also has a continuing oversight role regarding state CWA programs. In Pennsylvania, the federal agency has accelerated efforts, working with state regulators, to require POTWs and CWTs that receive fracking wastewater to conduct sampling for radionuclides and to issue CWA information requests to POTWs and CWTs for compliance determinations and evaluation of the adequacy of CWA discharge permits. Also, Pennsylvania regulators are working with treatment facilities and community water systems to monitor for radionuclides, TDS, bromide, chloride, and other substances of concern.52

In the fall of 2008, water samples from the mid-Monongahela River valley of Pennsylvania showed high levels of TDS. Although the TDS was determined to pose little threat to health or safety, it can have a profound environmental impact, particularly by killing microorganisms and insect larvae essential to healthy ecosystems, such as trout streams. It can also degrade soil if used for irrigation. Preliminary analysis suggested that the principal source likely was large truck deliveries of wastewater from gas well drilling sites in the Marcellus Shale to POTWs discharging, directly or indirectly, into the Monongahela River. At that time, state officials ordered nine sewage treatment plants to reduce their volumes of gas well drilling water, which contains high concentrations of TDS. Subsequent analysis concluded that discharge from abandoned mines was more responsible for the high TDS than drilling wastewater discharges from municipal wastewater treatment plants.53 However, as indicated by the above quotation, state officials remain concerned about the projected need for treatment of wastewater (both initial flowback water from hydraulic fracturing and longer-term production brines) from gas well development—estimated to be as much as 20 million gallons per day in 2011—and the capacity of the state's surface waters to assimilate associated wastewaters.

In 2010, the Pennsylvania Department of Environmental Protection issued new standards for facilities that accept oil and gas wastewater for treatment. The standards apply to new or increased discharges from treatment facilities, and set strict discharge limits for TDS, chlorides, barium, and strontium. The new standards are intended to protect aquatic life by promoting reuse of water. The goal is to prohibit new and expanding sources of high-TDS wastewater discharge from the natural gas industry.54 However, 27 Pennsylvania POTWs, which had historically accepted drilling wastewater, are not bound by the 2010 standards unless they increase the amount of drilling wastewater that they accept. During 2010 and early 2011, 11 of these municipal plants voluntarily stopped taking shale gas extraction waste. Both Pennsylvania and federal regulators took steps in 2011 to end the practice of natural gas companies sending fracking wastewater to POTWs because of concerns that the facilities are inadequately equipped to handle waste from fracking operations. In April, state environmental regulators asked drilling operators to stop sending Marcellus Shale wastewater to the 16 remaining POTWs, citing evidence linking the wastewater to elevated levels of bromides in western Pennsylvania rivers.55 Subsequently, EPA sent information request letters to six natural gas drillers directing them to disclose how and where they dispose of or recycle wastewater generated by their Marcellus Shale natural gas exploration, extraction, and production activities. In response, all six companies indicated their intention to employ reuse, disposal through underground injection, and/or treatment rather than conventional treatment by any of Pennsylvania's POTWs. The companies indicated intention to recycle 90% or more of produced water (including flowback) in Pennsylvania, where injection wells are limited.56 Marcellus Shale operators have stopped sending wastewater to the state's POTWs.57

West Virginia, too, recognizes that wastewater disposal is "perhaps the greatest challenge regarding these operations."58 State officials say that underground injection (see discussion below) may be the best option for wastewater disposal, but the state has only two permitted commercial injection wells available. The state has one industrial wastewater treatment facility in Wheeling, and state officials are cautious about the capability of the municipal POTWs to handle the flow and quality of waste that they might receive.59 In 2009 the West Virginia Department of Environmental Protection proposed changes to the state's oil and gas drilling rules (which required approval of the state legislature) and to an industry guidance document to assist operators in planning for the water issues associated with drilling and operating these wells. However, local groups criticized the proposed rules and draft non-binding guidance for failing to address disposal of wastewater, disclosure of chemicals used in hydraulic fracturing, and where the additional quantities of water required for drilling will come from.60 Subsequently, the state's legislature considered a number of bills to implement the proposed rules, and also to make other changes such as increasing permit fees. In December 2011, the state legislature passed, and the governor signed, the Horizontal Well Act, which requires drillers to provide water management plans and to disclose all chemicals used in hydraulic fracturing fluids, among numerous other provisions intended to protect water supplies.

For several years, New York State regulators have been evaluating the potential environmental impacts of high-volume hydraulic fracturing in the state. During this time, New York has imposed a moratorium on processing permits to drill Marcellus Shale wells under the existing Generic Environmental Impact Statement (SGEIS). (Traditional oil and gas wells still may be permitted using the SGEIS). In September 2011, the state's Department of Environmental Conservation released a Revised Draft Supplemental Generic Environmental Impact Statement (RDSGEIS) with recommendations that, when finalized, are intended to allow natural gas development consistent with environmental protection requirements while banning drilling in specified sensitive areas, including the New York City and Ithaca watersheds.61 Regarding wastewater management, the revised draft SGEIS would allow POTWs to accept flowback water if the municipal plant has a state-approved pretreatment program for accepting industrial waste and the plant's discharge permit assures that surface water quality standards for TDS and other contaminants are not violated. Underground injection, discussed below, also may be authorized.

To help POTWs manage produced water, in October 2011, EPA initiated a rulemaking to develop technology-based standards that shale gas wastewaters must meet before going to a POTW. EPA expects to issue a proposed rule for shale gas wastewater standards in 2014.62


Other Surface Water Quality Issues

Another potential source of water pollution from oil and gas drilling sites is runoff that occurs after a rainstorm. Storm water runoff can transport sediment to nearby surface water bodies. Provisions of the CWA generally regulate storm water discharges from industrial and municipal facilities by requiring implementation of pollution prevention plans and, in some cases, remediation or treatment of runoff.63 Industries that manufacture, process, or store raw materials and that collect or convey storm water associated with those activities are subject to the act's requirements. Furthermore, fracking fluid chemicals and wastewater can leak or spill from injection wells, flow lines, trucks, tanks, or holding pits, and thus may contaminate soil, air, and water resources.

The federal Clean Water Act (CWA) specifically exempts the oil and gas industry from these storm water management regulatory provisions. CWA Section 402(l)(2) exempts mining operations or oil and gas exploration, production, processing, or treatment operations or transmission facilities from federal storm water regulations, and Section 502(24) extends the exemption to construction activities, as well.64 Thus, federal law contains no requirements to minimize uncontaminated sediment pollution from the construction or operation of oil and gas operations. However, the federal exemption does not hinder states from requiring erosion and sedimentation controls at well sites, under authority of non-federal law. Pennsylvania, for example, requires well drill operators to obtain a permit for implementation of erosion and sedimentation controls, including storm water management, if the site disturbance area is more than 5 acres in size. If the site is less than 5 acres, a plan for erosion and sediment control is required. Storm water requirements are part of this permit.65 New York has similar requirements for erosion and sedimentation controls at well sites, regardless of site area. West Virginia requires erosion and sediment control plans for proposed well sites that would disturb 3 or more acres of land.66 The Delaware River Basin Commission, which has jurisdiction over water quality in a portion of the area underlain by the Marcellus Shale (see section on "State Water Quality Laws") has similar requirements, regardless of site area.


Groundwater and Drinking Water Protection

A controversial water quality issue associated with development of the Marcellus Shale regards the potential for hydraulic fracturing operations to contaminate groundwater and drinking water wells (as discussed under "Potential Risks to Groundwater"). Responding to widespread public concern, the 111th Congress urged EPA to study the impact that fracturing may have on potable aquifers and drinking water supplies.67 However, EPA is not authorized to regulate the underground injection of fluids for hydraulic fracturing purposes, except where diesel fuel is used.68 The agency expects to publish initial research results in 2012, and a final report in 2014. As part of the research, EPA has identified three Marcellus Shale case studies in Pennsylvania: two retrospective case studies to investigate drinking water contamination incidents, and one prospective study where shale gas development is planned.69

A question that has arisen is whether state oil and gas laws and regulations are adequate to protect groundwater and drinking water wells, given the increasingly extensive development of unconventional gas and oil resources that rely on hydraulic fracturing in combination with deep vertical and horizontal drilling. The deep horizontal wells used in unconventional oil and gas development can be subjected to greater pressures than conventional wells and may be at greater risk of failure if not properly constructed and operated.

In 2009, the Ground Water Protection Council (GWPC)70 reviewed state oil and gas regulations designed to protect water resources for the major producing states.71 The GWPC concluded that, in general, state oil and gas regulations are adequately designed to protect water resources. State regulations generally include permitting, well drilling and construction, well closure and abandonment, and waste fluid management. Until recently, few states explicitly mentioned hydraulic fracturing in their oil and gas regulations; however, drilling, construction (e.g., casing and cementing), pressure testing, completion, blowout prevention, reporting, and other requirements are intended to protect fresh water aquifers (and hydrocarbon resources) during oil and gas production.

Although major oil and gas producing states have extensive programs to manage oil and gas development activities, the GWPC noted that related state groundwater protection rules and practices can be uneven. Among other actions, the Council recommended the development of best management practices (BMPs) for hydraulic fracturing, which state agencies could use either to develop state-specific BMPs or develop new state regulations. GWPC advised states to review rules to determine whether "they meet an appropriate level of specificity (e.g. use of standard cements, plugging materials, pit liners, siting criteria, and tank construction standards, etc.)" to protect water resources.72

In a groundwater contamination case in Pennsylvania, Department of Environmental Protection officials attributed the migration of methane gas into 18 residential water wells in Dimock, PA, to "defective casing and cementing" of shale gas wells.73 The state since has updated oil and gas rules. The regulators explained the need for the revised regulations.74

Many of the regulations governing well construction and water supply replacement were promulgated in July 1989 and remained largely unchanged until this final-form rulemaking. Since that time, recent advances in drilling technology have attracted interest in producing natural gas from the Marcellus Shale, a rock formation that underlies approximately 2/3 of this Commonwealth. New well drilling and completion practices now employed to extract natural gas from the Marcellus Shale and other similar shale formations in this Commonwealth, as well as several recent incidents of contaminated drinking water caused by traditional and Marcellus Shale wells resulted in the Department's decision to reevaluate the existing well construction requirements.

It was determined that the existing regulations were not specific enough in detailing the Department's expectations of a properly cased and cemented well, especially in light of the new techniques used by Marcellus Shale operators. The Department also determined that the existing regulations did not address the need for an immediate response by operators to a gas migration complaint and did not require routine inspection of existing wells by the operator.

The final-form rulemaking contains revised design, construction, operational, monitoring, plugging, water supply replacement and hydraulic fracturing reporting requirements. The final-form rulemaking also provides material specifications and performance testing to ensure the proper casing, cementing and operation of a well. Additionally, the final-form rulemaking contains new provisions that require routine inspection of wells and outline the actions an operator and the Department will take in the event of a gas migration incident.

Other states in the region also have amended or are revising regulations to address challenges related to unconventional oil and gas development, including hydraulic fracturing. In 2010, Ohio legislators made major revisions to the state oil and gas law, adding requirements for companies to submit hydraulic fracturing records, and to report the type and volume of materials used, pumping pressures, and return volumes.75 The law also expanded well construction, casing, and cementing requirements to protect underground sources of drinking water.76 And, as discussed, New York State has undergone a comprehensive review of the issues associated with shale-gas development, and is developing a new regulatory regime for horizontal drilling and high-volume hydraulic fracturing.

In December 2011, West Virginia enacted the Horizontal Well Act, which makes numerous changes to existing law.77 The act imposes new conditions on horizontal well permits to protect groundwater, surface water, and water resource supplies. (See section below, "State Regulation of Water Resources.") The act requires well operators to provide state regulators with well-casing plans, details on the rock formation, and drilling-depth plans. Additionally, the law increases permit fees to support more state inspectors. Among other provisions, the law specifies minimum distances horizontal wells must be from water wells, public water supplies, streams, wetlands, etc.

As noted, managing the large volumes of wastewater produced during natural gas production (including flowback from hydraulic fracturing and brine produced from the rock formation) has emerged as a major water quality issue related to Marcellus Shale development. In some areas across the Marcellus Shale region (such as northeastern Pennsylvania), the local geology can limit the disposal of wastewater through underground injection wells. However, underground injection remains the most common—and traditionally preferred—produced water disposal practice in the oil and gas production industry, and is increasing in this region as gas development expands.

The increased use of underground injection for wastewater disposal, combined with proposals to authorize EPA to regulate hydraulic fracturing as underground injection, has drawn new attention to the federal underground injection control program. This program's statutory and regulatory framework is reviewed briefly below.78


Federal Underground Injection Control Program

The disposal of flowback and other water produced from gas wells through deep well injection is regulated through EPA's Underground Injection Control (UIC) program authorized by the federal Safe Drinking Water Act (SDWA).79 This act established the national program for protecting "underground sources of drinking water" by limiting, through regulation, underground injection that could contaminate usable aquifers. Although the SDWA excludes from regulation the underground injection of fluids used in hydraulic fracturing (unless diesel fuel is used), the injection of wastewater produced during oil and gas development is subject to this law.80

Section 1421 of SWDA directs the EPA administrator to issue regulations for state UIC programs, and mandates that the EPA rules "contain minimum requirements for programs to prevent underground injection that endangers drinking water sources."81 To implement the UIC program, EPA has established six classes of underground injection wells based on categories of materials that are injected into the ground for each class. The wells within a class are required to meet a set of performance criteria for protecting underground sources of drinking water (USDW), and the rules broadly prohibit the injection of waste fluids into USDWs. The UIC regulations for each class include the following broad elements: site characterization, area of review, well construction, well operation, site monitoring, well plugging and post-injection site care, public participation, and financial responsibility.82 Class II injection wells are used to dispose of brines (salt water) and other fluids associated with oil and gas production or storage, to store natural gas, or to inject fluids for enhanced oil and gas recovery.83

The SDWA authorizes EPA to delegate primary enforcement authority (primacy) for UIC programs to the states, provided that the state program meets EPA regulations developed under Section 1421 and prohibits underground injection that is not authorized by a state permit or rule.84 If a state's UIC program plan is not approved, or the state has chosen not to assume program primacy, then EPA must implement the UIC program in that state. However, in lieu of meeting the specific requirements of EPA's regulations for the injection of brine or other fluids brought to the surface in connection with oil or gas production (Class II injection wells), Section 1425 allows states to demonstrate that their Class II UIC programs are effective in preventing endangerment of underground sources of drinking water.85 This gives states flexibility to implement their own program requirements, rather than meet the specific EPA regulations.

Where a state has primacy, EPA is still required to take enforcement actions for regulatory violations if the state fails to do so.86 Additionally, the SDWA grants the EPA administrator emergency powers to issue orders and commence civil actions to protect public water systems or underground sources of drinking water.87

In the Marcellus region, Maryland, Ohio, and West Virginia have assumed primacy and have lead implementation and enforcement authority for their UIC programs. As with most oil and gas producing states, Ohio and West Virginia have received primacy for Class II wells under Section 1425, which enables these states to administer their own equivalent program, rather than adopt EPA regulations. Maryland has adopted EPA regulations, but has no Class II injection wells for the disposal of wastewater from oil and gas production.88 In New York, Pennsylvania, and Virginia, EPA directly implements the entire UIC program. Permits are required both by EPA and the state environmental agency in New York and Pennsylvania, if the disposal method for shale gas wastewater is by deep well injection.


Underground Injection of Shale Gas Wastewater

Most of the fluid injected into Class II wells is brine brought to the surface in producing oil and gas. This brine, a naturally occurring formation fluid, is often very saline and may contain toxic metals and naturally occurring radioactive substances. To prevent contamination of land, surface water, and groundwater, Class II wells provide a means for disposing of brines by re-injecting them back into their source formation or into similar formations at significant depths. As states have adopted rules to limit or prohibit the disposal of saline water to surface water and land, and treatment remains challenging and costly, injection remains the preferred way to dispose of this waste fluid,  where the local geology permits.

The amount of water produced by shale gas wells, separate from the flowback of water injected for hydraulic fracturing purposes, is likely to vary across the Marcellus Shale region. Given the limited experience with development of the shale, it is uncertain how much produced water might be generated. Generally speaking, shale gas formations are relatively impermeable and typically produce much less water than traditional oil and gas fields or coalfields. However, because large amounts of water must be used to fracture the shale, the disposal of this water and produced brine presents a challenge. Moreover, the impermeability of the shale indicates that reinjection of wastewater from fracturing into the shale formation may not be feasible in many locations, unless other suitable formations are locally available.

Wastewater injection into the permeable Cambrian sandstones that lay beneath the Marcellus Shale appears feasible. The Cambrian Mt. Simon Sandstone, considered an ideal geologic unit in Ohio for disposal and long-term storage of liquid wastes, is relatively deep, and underlain and overlain by impervious confining layers that prevent migration of injected fluids.89 In contrast, the geology in Northeastern Pennsylvania is not favorable for injection.

Capacity for deep well injection of wastewater varies across the Marcellus region. In Ohio, oil and gas permits generally prohibit the discharge of brine directly into state waters, and roughly 98% of all brine is disposed of by deep well injection.90 The Ohio Department of Natural Resources has permitted 184 Class II brine disposal wells, and permit requests for additional wells are pending. Since Marcellus Shale gas development began in West Virginia, the number of permitted commercial Class II disposal wells there has increased from two to 13. New York has six active Class II disposal wells; however, before New York stopped processing permits for horizontal drilling and high-volume hydraulic fracturing in 2008, operators from one company had submitted more than 60 permit applications for such wells.91 In Pennsylvania, six Class II disposal wells are operating, and EPA (which implements the UIC program for the state) has approved two more wells, but these permits are under appeal. However, since the state has limited surface water discharges, interest in deep well injection within the commonwealth is increasing.








	Emerging Issue: Deep Well Injection and Seismic Events

In recent months, several small earthquakes have occurred in eastern Ohio in the vicinity of injection wells used to dispose of brine and other wastewater produced from oil and gas wells. No causal link has been established between the wastewater injection and these seismic events, but state officials have had operators shut-in the nearby wells while the events are investigated. Past incidents of induced seismicity have been identified: in 1967, the injection of wastes at the Rocky Mountain Arsenal was halted once fluid injection was linked to a series of earthquakes. In 1990, the U.S. Geological Survey (USGS) reported that,

of the well-documented cases of earthquakes related to fluid injection, most are associated with water-flooding operations for the purpose of secondary recovery of hydrocarbons… [The] operations often entail large arrays of wells injecting fluids at high pressures into small confined reservoirs that have low permeabilities. In contrast, waste-disposal wells typically inject at lower pressures into large porous aquifers that have high permeabilities. This explains, in large part, why, of the many hazardous and nonhazardous waste-disposal wells in the United States, only two have ever been conclusively shown to be associated with triggering significant adjacent seismicity. (The wells are near Denver, CO, and Ashtabula, OH.)92

Currently, EPA and USGS are evaluating several case studies of possible induced seismicity. The forthcoming report will include lessons learned and make recommendations to assist states in regulating injection well operations.









State Water Quality Laws

In addition to federal laws, state laws addressing the quality of surface water and groundwater also apply to Marcellus Shale development. For example, in New York, various aspects of unconventional gas development would require a permit under the state's State Pollutant Discharge Elimination System (SPDES).93 SPDES is an "approved," rather than delegated, version of the federal National Pollutant Discharge Elimination System (NPDES) permit program under the Clean Water Act, which means that the state program differs from the federal rules in various ways, but that EPA has determined that the state program is at least as protective as federal rules. One significant difference in the state program is that, while the federal NPDES covers only discharges to surface water, SPDES covers discharges to groundwater also. The SPDES permit requirement could apply to hydraulic fracturing, unless four conditions are met. Most importantly, the state must determine that injection will not degrade groundwater.94 A wastewater treatment plant would likely dispose of fluids produced from the well, in which case the plant's SPDES permit would apply. SPDES permits would also cover treatment facilities built specially for disposing of flowback water, if there would be discharges into a water body. Applicable state water quality standards would control the permit's discharge limits, in part.95

The New York State Environmental Quality Review Act (SEQRA) is also relevant.96 As with its federal counterpart, the National Environmental Policy Act, a requirement that an environmental impact statement be prepared in certain circumstances lies at the heart of the statute.97 New York has been evaluating the potential environmental impacts associated with directional drilling and hydraulic fracturing activities for more than 15 years. As noted above, in September 2011, the state's New York Department of Environmental Conservation (DEC) released for public comment the Revised Draft Supplemental Generic Environmental Impact Statement (RDSGEIS) under SEQRA on high-volume hydraulic fracturing natural gas development in the Marcellus Shale region of the state with recommendations to comprehensively revise the state's procedures for regulating operations using High Volume Hydraulic Fracturing (HVHF). Until New York completes a final SGEIS consistent with SEQRA, regulators will not process permit applications for gas wells involving horizontal drilling and high-volume hydraulic fracturing.98 The DEC received more than 32,000 comments on the revised draft and is now reviewing them.

The RDSGEIS would not apply to specified areas, including within the New York City and Syracuse watersheds, on primary aquifers, on certain state lands, in floodplains, within 2,000 feet of public drinking water supplies, and within 500 feet of private water wells (unless agreed to by the landowner). Nor would the RDSGEIS apply to HVHF operations in shallow portions of shale formations, specifically in locations where the top of the target fracture zone would be shallower than 2,000 feet below the surface, or less than 1,000 feet below the base of a known fresh water supply. In these locations, site-specific environmental assessments and SEQRA determinations of significance would be required for HVHF permit applications. (Figure 6 indicates specific geographic areas where drilling permits would not be granted under the RDSGEIS and, in effect, prohibited.) The DEC also has proposed regulations that revise existing oil and gas regulations, establish new regulations for HVHF, and update the SPDES regulations.










	Figure 6. New York State Areas Where Shale Development Is to Be Prohibited

(NYC and Syracuse watersheds, primary aquifers, and state lands)




	



	
Source: New York Department of Environmental Conservation, http://www.dec.ny.gov/energy/75370.html.


Note: The Draft Revised Supplemental Generic EIS also establishes setbacks from public water supplies and private wells and contains other high-volume hydraulic fracturing drilling restrictions.








Maryland, too, currently is not processing permit applications for drilling and hydraulic fracturing in the state's portion of the Marcellus Shale (although several permits are pending). Officials plan to study "best practice" standards for drilling and fracking before permitting a small number of exploratory wells to evaluate the environmental viability of gas production.99

In Pennsylvania, oil and gas exploration and development are regulated under a number of state laws, including the Clean Streams Law, the Solid Waste Management Act, and the Water Resources Planning Act. For example, pursuant to the Clean Streams Law,100 Pennsylvania regulates waste discharges from municipal and industrial sources and regulates the impact of mining on water quality, supply, and quantity. It also is the basis for state permit requirements to manage stormwater runoff from oil and gas operations through erosion and sediment control plans. (See "Other Surface Water Quality Issues.")

As another example, West Virginia's NPDES permit program would apply to wastewater treatment plants to which flowback from Marcellus Shale production sites was taken and to treatment facilities built specially for the frac water that discharges into a water body.101 Applicable state water-quality standards would control the permit's discharge limits, in part.102 However, this program applies to surface water only, not groundwater, and the state's Groundwater Protection Act exempts "groundwater within geologic formations which are site specific to ... the production ... of ... natural gas...."103 The state's underground injection control program regulates the injection of flowback and produced water for disposal.104

In addition to state water-quality laws, the interstate Delaware River Basin Commission (36% of whose jurisdictional land area in Pennsylvania and New York overlies the Marcellus Shale formation) would also impose water quality requirements.105 The Commission's water quality (and other) requirements are legally separate from those of the affected states—that is, obtaining state approval does not excuse an applicant from seeking Commission approval—although in some cases the two requirements may be substantively identical. Another interstate-compact-created commission within the Marcellus Shale region, the Susquehanna River Basin Commission, regulates only water quantity, not water quality.106 These commissions are discussed further below.


Water Supply Management

Thousands of wells are being drilled in the Marcellus Shale region, and large volumes of water are needed to develop each well. Roughly 1 million gallons typically may be needed for every 1,000 feet fractured in the horizontal portion of a well, for perhaps 3 million to 8 million gallons per well, and wells may need to be hydraulically fractured several times during their productive lifespan.

Availability of adequate supplies of fresh water required for drilling and hydraulic fracturing can be a constraint for gas producers who must arrange to procure water in advance of their drilling and development activity. Extensive development of the Marcellus Shale could place short-term, but potentially significant, demands on local water resources. This is especially true if water needed for gas development is taken from smaller headwater streams or limited groundwater supplies. In these cases, large water withdrawals have the potential to impair water quality through diminished stream flows that could affect aquatic life, fishing and recreational activities, or private wells and water supplies. Concerns have arisen specifically regarding the ability to maintain baseline stream flows to avoid cumulative and seasonal impacts. Management of water use for Marcellus Shale operations is largely a matter of geography—in some areas, it is the responsibility of interstate commissions, and in other areas, it is the responsibility of state agencies.


State Regulation of Water Resources

The laws and regulations governing the availability of fresh water lie with each state, and water rights and water supply regulations generally differ among the states. Depending on individual state resources and historic development, states may use one of two water rights doctrines, riparian or prior appropriation, or a hybrid of the two. Under the riparian doctrine, a person who owns land that borders a watercourse has the right to make reasonable use of the water on that land.107 Traditionally, the only limit to users under the riparian system is the requirement of reasonableness in comparison to other users.108 Under the prior appropriation doctrine, a person who diverts water from a watercourse (regardless of his location relative thereto) and makes reasonable and beneficial use of the water may acquire a right to use of the water.109

States east of the Mississippi River generally follow a riparian doctrine of water rights, while western states typically follow the prior appropriation doctrine.110 The system of water rights allocation in a particular state with shale gas resources may affect the development process, particularly in times when shortages in water supply affect the area of shale gas development. In areas where the Marcellus Shale is located, which are generally riparian states, water rights may not be as much of a concern as in other areas of the country with shale gas development, such as the Barnett Shale in Texas. That is, even in times of shortage, shale gas development may be able to continue in the Marcellus Shale region because riparian users reduce water usage proportionally and may still receive enough for supply requirements of the development process. However, whether the amount of water required for hydraulic fracturing processes would be considered "reasonable" remains unclear. As shale gas development continues to draw on water resources in riparian states, this question may become a significant factor in the public debate over hydraulic fracturing.

Because of the general recognition of the riparian doctrine in the region, the states in the area of shale development apply surface and groundwater regulations similarly. Some states have specific regulatory programs in place, however, and gas producers using fresh water for drilling and development must comply with state and local administration of water rights (as well as any relevant interstate water compacts). Examples of water supply regulations in the Marcellus Shale states are discussed below, but a comprehensive analysis of state water regulation schemes is beyond the scope of this report.

Some states have implemented permit programs that require certain water users who wish to withdraw large amounts of water resources to register with the appropriate state agency. For example, New York requires users of water for public water supply, irrigation, and specific projects designated by law (unrelated to shale development) to acquire a permit.111 However, under that program, water users pursuing shale development appear to remain unregulated. Other states have adopted permit programs that require water users who withdraw in excess of a set threshold (e.g., 10,000 gallons per day) to obtain approval from the state.112

Other states have undertaken various planning and reporting programs to monitor water use in the state, but do not generally require a permit.113 For example, by statute, West Virginia requires certain users of water resources whose withdrawals exceed 750,000 gallons in any month to register with the Department of Environmental Protection.114 Water users must provide information about the sources of withdrawals, anticipated volumes, and the time of year of withdrawals.115 The goal is to ensure that water withdrawal from ground or surface waters does not exceed sustainable volumes.116 State officials have introduced measures that would impose a lower threshold for registration on the use of water in gas development projects.117 In 2011, West Virginia enacted the Natural Gas Horizontal Wells Control Act, which mandates that certain horizontal well applications used for fracturing include a water management plan.118 The water management plan is required for applications for a well work permit if the fracturing of the well requires more than 210,000 gallons of water during any 30-day period.119 The plan must identify information about the use of water, including the type of water source, and the anticipated volume and time of withdrawal.120

States may implement a variety of these programs concurrently. For example, Pennsylvania implements both a permit program and a planning and reporting program, in addition to specific requirements imposed on drillers to include water use management plans with applications for drilling permits. Under the permit program, public water supply agencies must receive approval from the state's Department of Environmental Protection.121 Other users do not appear to be covered by a permit program outside of the Susquehanna and Delaware River Basins. Under the reporting program, users must report withdrawals that on average exceed 10,000 gallons per day in a 30-day period.122 Users are required to report information including source of water supply, location, and the amount of withdrawals.123 Additionally, Marcellus Shale drillers must develop and submit a water use management plan, which, once approved, becomes a condition of a shale well permit.124


Interstate Compacts in the Marcellus Shale Region

The Marcellus Shale region includes parts of Kentucky, Maryland, New York, Ohio, Pennsylvania, Virginia, and West Virginia.125 Several of these states include watersheds that are subject to specific regulations, usually resulting from the adoption of an interstate compact. Three interstate compacts may have a direct impact on potential water resources for the development process: the Delaware River Basin Compact, the Susquehanna River Basin Compact, and the Great Lakes-St. Lawrence River Basin Water Resources Compact.

The Delaware River Basin Commission (DRBC) governs water resource issues in the Delaware River Basin, which includes parts of Delaware, New Jersey, New York, and Pennsylvania.126 The Susquehanna River Basin Commission (SRBC) governs water resource issues in the Susquehanna River Basin, which includes parts of Maryland, New York, and Pennsylvania.127 (See Figure 7.) Both the DRBC and the SRBC regulate water use through requirements imposed on any entity—public or private—whose use would affect the respective basins.

The Great Lakes-St. Lawrence River Basin Water Resources Compact governs management of the Great Lakes and St. Lawrence River Basin, which includes parts of Illinois, Indiana, Michigan, Minnesota, New York, Ohio, Pennsylvania, and Wisconsin.128 This basin overlies a small portion of the Marcellus Shale, but includes other shale formations, including the Utica Shale. The Great Lakes-St. Lawrence compact imposes requirements on the states (as parties to the compact) to adopt standards of regulation for water use within the basin. Rules governing these compacts have increasingly included requirements to regulate the water use of hydraulic fracturing projects.










	Figure 7. Major River Basins and Sub-Basins Overlying the Marcellus Shale




	



	
Source: J.D. Arthur, M. Uretsky, and P. Wilson (ALL Consulting). "Water Resources and Use for Hydraulic Fracturing in the Marcellus Shale Region." Prepared in conjunction with the New York State Energy Research and Development Authority, Susquehanna River Basin Commission, and the Delaware River Basin Commission and others under U.S. Department of Energy Research Project DE-FE0000797.


Note: The Great Lakes-Saint Lawrence River Basin overlaps with the north edges of the Marcellus region.








The DRBC imposes limits on projects that have "a substantial effect on the water resources of the basin" and requires that any person or entity seeking to undertake such a project obtain prior approval.129 The DRBC is directed to approve projects if it finds the project "would not substantially impair or conflict with the comprehensive plan" for managing the basin.130 Certain projects are exempt from the requirement for prior approval, including water withdrawals and diversions that do not exceed an average of 100,000 gallons per day.131 Specific regulatory requirements apply to applications for withdrawals in excess of 1 million gallons on average per day, including monitoring requirements, contingency plans for emergency conservation, and reporting requirements.132 The DRBC has issued draft regulations to protect the basin's resources relating to the development of natural gas projects.133 Under the proposed regulations, DRBC approval is required before water sources in the basin may be used for the purpose of natural gas development projects.134

A similar regulatory scheme was established in the Susquehanna River basin. The SRBC also imposes approval requirements for certain projects affecting the water resources of the basin.135 Among the projects generally requiring prior approval from the SRBC are new and increased consumptive use projects using an average of 20,000 gallons per day or more; new and increased withdrawals of an average of 100,000 gallons per day or more; and diversions into or out of the basin of an average of 20,000 gallons per day or more.136 In addition to these general requirements, the SRBC has adopted regulations specific to the Marcellus Shale, which require approval for "any natural gas well development project in the basin targeting the Marcellus or Utica shale formations, or any other formation …, for exploration or production of natural gas involving a withdrawal, diversion or consumptive use, regardless of the quantity."137

Lying along the northwestern perimeter of the Marcellus Shale region is the Great Lakes-St. Lawrence River Basin. Approved by Congress in 2008, the Great Lakes-St. Lawrence River Basin Water Resources Compact includes monitoring, registration, and reporting requirements to protect the use of water resources within this basin.138 Within five years of the compact taking effect, any withdrawal of an average of 100,000 gallons per day or more and any diversion must be registered with the proper administering authority.139 Each party must be notified of and given the opportunity to comment on any proposal for a consumptive use of 5 million gallons per day or more.140 Under the compact, diversions of water resources out of the basin are generally prohibited with few exceptions.141 Each state is required to adopt a regulatory program for withdrawals and consumptive uses within five years of the effective date of the compact, which sets a threshold level of regulation at an average of 100,000 gallons per day or more.142


Congressional Interest

The Marcellus Shale formation represents one of the largest unconventional or conventional natural gas resources in the United States. Current and planned projects to develop Marcellus Shale gas are apparent across the six-state region that overlies the resource. For example, gas producers have reportedly planned over 2,000 gas wells just in West Virginia, and the state's Oil and Gas Commission estimates that, based on current information, there could be a well on every 40 acres in the state. Throughout the region, this activity is placing increasing demands on regulatory agencies—especially state agencies—for necessary licensing, permitting, inspections, and enforcement, and also for revising regulations. Because of questions related to water supply and wastewater disposal, some state agencies and DRBC have been cautious about granting permits until these issues are resolved. New York, in particular, is taking a cautious approach and has accepted, but not processed, permits pending completion of a state Supplemental Generic Environmental Impact Statement. At the same time, there is counter-pressure from companies, drillers, and landowners to move forward with developing the gas resource. The success of planned development activities could depend, in part, on the capacity of regulatory agencies to provide the administrative and oversight resources to support such plans.

The development of the Marcellus Shale and other unconventional natural gas resources, and the use of hydraulic fracturing in particular, has generated considerable debate in Congress and has been the topic of hearings and legislation. Industry and many state agencies are arguing against broad federal regulation of hydraulic fracturing under the SDWA, and noting a long history of the successful use of this practice in developing oil and gas resources. A typical horizontal well is estimated to cost between $3 million and $5 million,143 and industry representatives argue that more federal regulation is unnecessary and would likely slow domestic gas development and increase energy prices. At the same time, the amount of natural gas produced from unconventional formations that rely on hydraulic fracturing continues to grow. Moreover, drilling and reservoir stimulation methods have changed significantly over time as they have been applied to more challenging formations, increasing markedly the amount of water and fracturing fluids involved in production operations. It is the rapidly increasing and geographically expanding use of hydraulic fracturing and directional drilling, along with a number of citizen complaints of water contamination and other environmental problems attributed to this practice—and to shale gas development more broadly—that has led to calls for greater state and/or federal environmental oversight of this activity.


Pending Federal Legislation

In March 2011, the Fracturing Responsibility and Awareness of Chemicals Act of 2011 (FRAC Act) was introduced in the House (H.R. 1084) and Senate (S. 587). The bills are substantively similar and would amend the Safe Drinking Water Act to revise the definition of underground injection to include hydraulic fracturing, and to create a new disclosure requirement for the chemicals used in hydraulic fracturing. Under both bills, the definition of "underground injection" that was amended in 2005 to exclude most hydraulic fracturing would be amended again to include "the underground injection of fluids or propping agents pursuant to hydraulic fracturing operations related to oil or gas production activities."144

The FRAC Act also would require anyone conducting hydraulic fracturing to disclose to the state (or EPA if EPA has primary enforcement responsibility), before starting hydraulic fracturing operations, a list of chemicals intended for use in any underground injection during the operations.145 The information must include identification of the chemical constituents of mixtures, Chemical Abstracts Service numbers for each chemical and constituent, material safety data sheets when available, and the anticipated volume of each chemical. Additionally, within 30 days after the end of any hydraulic fracturing operations, the operator must provide information on the chemicals and amounts actually used.146

The bills would also require that the state or EPA make the disclosure of chemical constituents public, including posting the information on a website. The bills specify that the disclosure requirements do not authorize the state or EPA to require the public disclosure of proprietary information. This language attempts to protect proprietary business information, that is, "secret" formulas of the chemical constituents being used in hydraulic fracturing or practices that drilling companies believe they should not be required to disclose to regulators or the public. Increasingly, state oil and gas production laws and rules are requiring disclosure to regulators of the chemical constituents being used in hydraulic fracturing, while extending similar protections for proprietary business information.147

Furthermore, the FRAC Act would require operators to disclose proprietary chemical information to treating medical professionals in cases of medical emergencies.148 Although most state oil and gas rules do not require disclosure of proprietary chemical information to medical professionals, such disclosure broadly parallels federal requirements under the Occupational Safety and Health Act (OSHAct).149 Nonetheless, the OSHAct requirements were not designed for environmental investigation purposes, and the provided information may not be suited for such purposes. Consequently, calls for disclosure of hydraulic fracturing chemicals have increased as homeowners and others express concern about the potential presence of unknown chemicals in tainted well water near oil and gas operations.

Other bills in the 112th Congress also address hydraulic fracturing. H.R. 2133, the Fulfilling U.S. Energy Leadership (FUEL) Act, recognizes the role of the states in regulating oil and natural gas production and declares a sense of Congress that "the Safe Drinking Water Act (42 U.S.C. 300f et seq.) was not intended to regulate natural gas and oil well construction and stimulation." The bill further notes that industry should be encouraged to voluntarily disclose chemicals used in the hydraulic fracturing process and that the information should be made available to the public. Reported bill H.R. 1425 (Section 514) would amend the Small Business Act150 to direct federal agencies to give funding preference for research on reducing the environmental (including water quality) impact of the use of hydraulic fracturing during natural gas exploration activities.


Conclusion

Natural gas locked in tight, impermeable shale has been uneconomical to produce until recently. Advances in directional well drilling and reservoir stimulation have dramatically increased the production from these unconventional shales. However, the development of the Marcellus and other shales comes with some challenges and controversy.

The Marcellus Shale formation represents one of the largest unconventional or conventional natural gas resources in the United States. The natural gas produced from the eastern portion of the formation is pipeline quality, requiring no upgrading. Although the gas transmission pipeline network needed to supply the residential, retail, and commercial customers in the northeast United States is largely in place, gas producers would need to construct an extensive network of gathering pipelines and supporting infrastructure to move the gas from the new well fields to the transmission pipelines, as is the case for developing any new well field. The lack of such infrastructure may limit or delay gas production in some areas of the region.

Shale gas development has stirred concerns regarding water consumption and potential groundwater and water well contamination from hydraulic fracturing, and surface water contamination from disposal of the fracturing fluids. The process of developing a shale gas well is an issue of concern for increasing the risk of water contamination, and concerns about contamination of fresh surface water or groundwater must be addressed during three phases of gas well development: (1) drilling through an overlying aquifer, completing and casing the well, (2) stimulating the well via hydraulic fracturing, and (3) flowback of fluids to the surface during development of the well and production of the gas). If contamination of fresh water supplies from shale gas development is suspected, each of these three phases must be carefully examined to ensure that each is conducted without causing undue environmental impacts.


	1. Drilling and well construction through an aquifer: A properly cased well allows gas production up through the well to the surface, while preventing drilling fluids, hydraulic fracturing fluids, or natural gas from leaking into the permeable aquifer and contaminating groundwater. Construction of an oil and gas well of any type generally requires penetration of near-surface fresh water aquifers, and the application of rigorous drilling and well completion techniques is vital during this phase of production. These activities are regulated by the states.

	2. Hydraulic fracturing: Hydraulic fracturing does induce new fractures into the Marcellus Shale, and may lengthen existing fractures. The chances of creating or extending fractures linking the Marcellus Shale to an overlying aquifer appear remote, however, because the vertical distance separating the Marcellus Shale from most aquifers is typically much greater than the length of the fractures generally induced during hydraulic fracturing. Hydraulically fractured gas production wells are subject to state regulations, but legislation has been introduced to authorize EPA to regulate broadly hydraulic fracturing under SDWA, which likely would affect state requirements.

	3. Flowback of fracking fluids and produced waters: The flowback water pumped back to the surface after fracturing poses a significant environmental management challenge in the Marcellus Shale region. The flowback and produced water's high content of salts, minerals, and other contaminants must be disposed of or adequately treated before discharged to surface waters. State laws and the federal Clean Water Act regulate the discharge of this flowback water and other drilling wastewater to surface waters, while the Safe Drinking Water Act regulates deep well injection of such wastewater.



Cumulatively, the concerns about the potential water quality and other environmental impacts of unconventional gas exploration and development, including in the Marcellus Shale, have prompted close examination at a number of levels.


	Congress has directed EPA to "review the risks that hydraulic fracturing poses to drinking water supplies, using the best available science, as well as independent sources of information."151 EPA expects to report on the interim research results in 2012, and issue a follow-up report in 2014.

	In March 2011, President Obama announced a broad "Blueprint for a Secure Energy Future." In it, the President asked the DOE Secretary to identify steps that can be taken to improve the safety and environmental performance of shale gas production, and to develop consensus recommendations on practices to ensure the protection of public health and the environment, including water quality.152 In November, the Secretary of Energy Advisory Board (SEAB) Shale Gas Subcommittee issued a final report, with recommendations for state and federal governments and industry. Water quality recommendations, aimed mainly at the states, include (1) adopting best practices for well construction (casing, cementing, and pressure management), (2) adopting requirements for background water quality measurements, (3) manifesting all water transfers across various locations, and (4) measuring and publicly reporting the composition of water stocks and flow throughout the fracturing and cleanup process. The SEAB also suggested that states review and modernize rules and enforcement practices.153

	In April 2011, the New York State Attorney General stated he would sue the federal government if an environmental review of natural gas drilling in the Delaware River Basin was not conducted under the National Environmental Policy Act (NEPA).154 Also in April, a coalition of environmental advocates, including the Chesapeake Bay Foundation, petitioned the White House to conduct an environmental impact analysis on the effects that natural gas drilling and production may have within the Marcellus Shale region.155

	In October 2011, EPA initiated a rulemaking to set technology-based pre-treatment standards to regulate discharges of shale gas wastewaters to publicly owned treatment works.

	Across the region, state oil and gas regulators and environmental regulators have been evaluating and revising regulations to strengthen water quality protections during shale gas exploration and production.



Shale gas development using high-volume horizontal drilling and hydraulic fracturing has been done for only about a decade and is increasing rapidly, catching states and communities at various states of preparedness. The industry's growth has created new regulatory, enforcement, and oversight challenges for state officials, and often new concerns for landowners and communities in the Marcellus Shale region. The growing number of gas wells and related infrastructure and land-use changes has drawn attention to the adequacy of regulatory oversight governing this industry.

Natural gas production has long been regulated by the states. State oil and gas and environmental protection agencies widely support keeping responsibility for regulating oil and gas production generally, and hydraulic fracturing specifically, with the states. The Interstate Oil and Gas Compact Commission (IOGCC), representing the oil and gas producing states, adopted a resolution urging Congress not to remove the fracturing exemption from provisions of the SDWA, noting that the process is a temporary injection-and-recovery technique and does not fit the UIC program which EPA generally developed to address the permanent disposal of wastes.

If Congress were to require EPA to regulate all hydraulic fracturing of oil and gas wells, a key issue would involve EPA's capacity to assume such a role. EPA likely would require substantial new resources and technical staff to oversee major elements of oil and gas production and to directly implement any new rules in non-primacy states. For example, unless Pennsylvania and New York assumed primacy for the UIC program, EPA would have responsibility for permitting and overseeing all hydraulically fractured wells in those states, while the wells remained subject to state permitting requirements and regulations. This scenario has raised concerns from states and industry regarding the potential benefits, costs, and redundancies that may result from such an approach.

Nonetheless, given the concern about potential water contamination expressed by citizens and communities, and uneven regulation across the states, some continue to urge greater federal involvement. The American Water Works Association (AWWA, representing drinking water professionals and public water suppliers), various towns, and environmental groups support the FRAC Act.

EPA currently is developing new measures to protect water quality during shale gas development.156 The agency is developing regulations under the Clean Water Act to regulate flowback and produced water discharges to municipal wastewater treatment plants.157 Also, EPA is writing guidance under the SDWA UIC program to assist states with permitting hydraulic fracturing operations that use diesel fuel. The pending diesel guidance may provide insight into how the agency might regulate hydraulic fracturing broadly, if directed to do so by Congress.

Currently, there is little agreement as to the potential risks that shale gas development poses to water resources across the region. Given the level of debate, it appears that the understanding of the risks could benefit from a better scientific foundation. Congress has urged EPA to study the relationship between hydraulic fracturing and drinking water. The results of the EPA study, along with work being done by the states, interstate commissions, industry, and others, should enable a better assessment of the risks that unconventional shale development may pose to water resources, and help inform any potential congressional action. In the meantime, states across the Marcellus Shale region continue to review and revise regulatory programs in response to robust growth in the shale gas industry.
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	157.
	Additionally, on July 28, 2011, EPA proposed new regulations to reduce air pollution from upstream oil and natural gas production sources currently unregulated at the federal level. The proposed rules include (1) a new source performance standard for volatile organic compounds; (2) a new source performance standard for sulfur dioxide; (3) an air toxics standard for oil and natural gas production; and (4) an air toxics standard for natural gas transmission and storage. An extension to the original consent decree requires EPA to take final action on these regulations by April 3, 2012. See U.S. Environmental Protection Agency, "Oil and Natural Gas Sector: New Source Performance Standards and National Emission Standards for Hazardous Air Pollutants Reviews," 76 Federal Register 52738, August 23, 2011, http://www.gpo.gov/fdsys/pkg/FR-2011-08-23/pdf/2011-19899.pdf.
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