Briefing Paper 1

Addressing the Environmental Risks
from Shale Gas Development

Mark Zoback
Saya Kitasei
Brad Copithorne

July 2010

MORLDWATCH
NSTITUTE

Natural Gas and Sustainable Energy Initiative




Addressingthe Environmental Risks from
Shale Gas Development

Mark ZobacR Saya Kitasé&j Bradford Copithorrie

l. Executive Summary

The rapid development of shale gas resources in the past few years hasdalrerdigally
affectedU.S. energy market$ lowering energy prices and carbon dioxide emisfioaisd could

offer an affordable source of leearbon energy to reduce dependence on coal ahtioikever,

the development of shale gas has been linked to a range of local environmenggshgrobl
generating a public backlash that threatens to bring production to a halt in some regions. While
hydraulic fracturing in particular has been the focus of much controversy, our amadicases

that the most significant environmental risks@ciated with the development of shale gas are
similar to those associated with conventional onshore gas, including gas migration and
groundwater contamination due to faulty well construction, blowouts, and-gibowed leaks

and spill of waste water amthemicals used during drilling and hydraulic fracturing.

Many technologies and best practices that can minimize the risks associated with shale gas
development are already being used by some companies, and more are being developed. The
natural gas indusgrshould work with government agencies, environmental organizations, and
local communities to develop innovative technologies and practices that can reduce the
environmental risks and impacts associated with shale gas development.

Stronger, fullyenforcedgovernment regulations are needed in many states to provide sufficient
protection to the environment as shale gas development increases. In addition, continued study
and improved communication of the environmental risks associated with both individisal wel
and large scale shale gas development are essential for society to makéowe#d decisions

about its energy future.

This briefing paper, part of an @oing series on the role of natural gas in the future energy
economy, provides an overview ad horizontal drilling and hydraulic fracturing are used to
extract shale gas, examines the environmental risks, associated with shale gas development, and
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provides an overview of the industry best practices and government regulations that are needed if
shale gas is to contribute its full potential to help build a-ta&bon economy in the years ahead.

Il. Extracting Natural Gas from Shale

Geologists have long been aware that large amounts of natural gas lie tragpqp®eé in

formations of shale, a sedintary rock formed from depds of mud, silt, clay, and organic
matter.Over time, that organic matter breaks down, creating molecules of methane, also known
as natural gasVhile some of this natural gas migrates into other formations over millions of
years, much of it remains trapped in its shale source rock.

Although thefirst producingU.S. natural gas welvas drilled into a shale formatiom New

York (in 1821) mostcommercial drilling during th&%th and 2@h centuriegargeted gas that ba

migrated out of its source rock and accumulated in permeable reservoirs such as sandstone
formations’Unl i ke these Aconventional 06 reservoirs,
producers to extract gasingvertical wells,sha i s a much #Ati ghtAea , 0 | es
result, methane molecules cannot flow easily through shale and a vertical well is only able to

drain gaonly from a very small volume of the rock surrounding it, which generally prevents

vertical wells from producing sufficient gas to be econainic

Over the past decade, howeuee application ofwo techniques, horizontal drilling and
hydraulic fracturinghas enabled operators to extract gas economically from shale formations
thousauls of feet deep. Although both technologieiginally weredeveloped to increase
production from conventional wells, their usete Barnett Shale, near Fort Worth, Texas,
revealed that thegould be the key to unlockirtpe trillions of cubideet of natural gas

estimated to exist in shale gas play®ughouthe United State$(See Figure 1At yearend
2009, the five most productive U.S. shale gas fielthee BarnettHaynesville Fayetteville,
Woodford and Marcellushales were prodaing some8.3billion cubic feet a daythe

equivalent ohearly1.6 million barrels of oil a dayor 30 percent of total U.S. crude oll
production during 2009

Figure 1. Map of Shale Gas Plays, Lower 48 States

Shale Gas Plays Lowef 48 States

Source: EIA




Oil and gas drillinggenerally begins in the s wayin both vertical and horizontal wells
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unconsolicited sediments and soilear theE a r tsunface (See Figure 2.) Then, operators
continue drilling verticallyandinsert surface casingvhich most states requite extendrom
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After allowing the cement behind
the casing tset operators continue
drilling for a short distance,
typically 10to 20 feet,andtestthe
integrity of the cement by
pressurizing the wellThey then
continue drilling verticallyuntil

state regulations may require the
insertion of intermediate casing
which can be used to help stabilize
deep wellsln addition, between the
base othesurface casing and the
target gasearingshaleformatiors,
wellbores pass through thousands of
feet of rock formationsThese
formations may contain
hydrocarbons, including natural
gas, or briny water coritang

highly concentrated salts and other
contaminants. Intermediate casing
is designed to isolate such
formations from each other and the
wellbore, preventing contamination

of the gas that will be produceaid offreshwater aquifers near thea r tsunféce.
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3

of f o
tar getd fuonrtmalt itohne owe |Ifl pbroordeu crtui nos



After drilling the horizontal section of the wetlperators rumstringofi pr o d u c tdinton cas i
the welland cementitinplacd&.hey t hen fiperforateo the product
explosive chargeat intervalsalong the horizontal wellbemwheretheyintend to hydraulically

fracture the shale.

Hydraulic fracturingwas first used in the late 1%lGand has since become a common technique
to enhance the production of low permeability formations, especially unconventional reservoirs
such agight sands, coal beds, and deep shédldgdraulic fracturing is a technically complex
processBecause most horizontal wells apgitelong, operators conduct fracturing in stages,
starting at theip or fitoed and proceeding toward thend clsest to the vertical portion éheeb

of the footshaped wellboreA wellbore that extends 5,000 fdetrizontallywithin a shale layer,

for example, might be hydraulically fracturdd to 15times atintervalsseveral hundred feet
apart.Each perforation interval is isolated in sequence so that only a single section of the well is
hydraulically fractured at a given time

During a hydraulic fracturing operatiooperators pumfracturing fluid at high pressure through
the perforations imsection of the casing. The chemical composition of the fracturing fluid, as
well as tle rate and pressure at which it is pumped into the shale, are tailored to the specific
properties of each shdlermationand, to some extent, each w8llhen the pressutiacreaseso

a sufficient leveljt causes &ydraulic fractureor fihydrofractured to open in the rock
propagatingalong a plane more or less perpendictdahepath of thevellbore™ (See Figure

3.) A typical hydrofractures
Figure 3. Schematic of Multi-stage Hydraulic Fracturing | designed to propagate
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to inhibit scale and bacterial growth in the wellbore, reduce friction, and generally improve the
effectiveness of the fracture jodickwater works well in shale gas reservdiecauséts low
viscosity allows the fracturing fluid to leak out of hydraulic fractun¢o many small, naturally
occurring fractures in the shale.

Slickwaterincreass waterpressuren thesemicrofractures inducing sheaslip, or micre

seismic events that generally have magnitudes of less1Haon the Richter scaleabout as

much energy as is released by a gallon of milk dropped from chest height to the floor. Because of
the small magnitudes of these pig which represent mic@arthquakes aboohemillionth the

size of tremors that might be detected by inhabitants of a populatedpeestors must deploy
ultrasensitive seismometers in nearby monitoring wells in order to detect*t{&ee. Figure 4.)

Figure 4 shows microseismic data from a well drilled in the Barnett Shale and hydraulically

fractured with slickwater id1 stages. The locations of the microseisewvents generated during

slickwater hydraulidracturing provides a picture of where the hydrofractures propagated. This
information is important to operators because the microseismic elafinte the portion of the

reservoir stimulateduring hydraulic fracturingncreagngt he s h al e §andapowingme abi |
gas molecules to flow more easily into the production casing.

The abovementionedwell targeted a portion of the Barnett Shalteut 33(eet thick and at

deptls between abous,600and5,930 feet below the surface. The horizont&lNvore isroughly

3,800 feet longMonitoring detected microseismic activibyer the entire thickness of the shale,
about 150 feet above and 200 feet below the wellbore (Figure 4A), and about 500 to 700 feet to
its sides (Figure 4BMonitoring didnot detect microseismic activignysignificant distances
aboveor below the shale formatioayggesting that the design of this fracture job successfully
confined stimulation to the target formation. In this case, the propagation of fractures into the
underlying Ellenlerger Limestone, which contains highly saline brine, would have allowed brine
to contaminate the gas the Barnett Shajalecreasing the efficiency and increasing the cost of

its extractionNo microseismic events with magnitudes gredtant1.6 were detected.

Drilling and fracturing a typical horizontal well in the Marcellus shale takes about three weeks to
complete and costs about $3.5 to $4.5 millfoifter hydraulic fracturing is complete, gas

begins to flow out of the well to treurface, where it iprocessedcompressed, and transported

to markets through pipelines. During this period, maintenance may be performed on the well, but
much of the equipment used for drilling and fracturing the weised to drill another horizontal

well from the same wefppad and webore orremoved for use at othsites Eachunconventional
well 6s production rate declines rapidly after
majority of gas is produced during the fifstv years of poduction,a well could continue to

produce for five to ten years before becoming unecoraiiim some cases, a well may be
fracturedagainto restimulate productiomut while research is underway to improve the
performance of refracturing, it rot curently used in most shale gas wefls

When a well becomes uneconoaljstate regulations requiggperators to permanently plug it

with cemenbr another materiallhe majority of gagproducing states require plugs to be placed
through producing zones éifrom the surface to the base of ground wdkrgs are intendetd
prevent fluid, which might include hydrocarbons, formation water, and fracturing fluid absorbed



by the target formation, from migrating along the wellbore to other layers of rock asrdiglbt
contaminating ground water after the well has been abandoned.

Figure 4. Microseismic Diagrans of Typical Hydraulic Fracturing Job in the Barnett
Shale
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1. Environmental Risks and Best Practices

Shale gas has received a good deal of attention recently for the potential negativetimapécts
development may have on thevennments and communities in which it occurs. Instances of
water contamination, air pollution, and earthquakes have been blamed on gas extraction
activities. A thorough understanding of the techniques used to extract gas from shale formations
and the safguards thaéxistto prevent environmental damage is criticahssessinghe sources

and magnitudes of risk involved in shale gas development.

Subsurface Contamination of Ground Water

A frequently expressed concern about shale gas development islibatface hydraulic
fracturing operations) deep shale formatiomsight create fractures that extendll beyond the
target formation to water aquifers, allowing metharmtaminants naturally occurring in
formation waterand fracturing fluids to migratfrom the target formation into drinking water
suppliesWith the notable exceptions of tekallowAntrim and New Albany Shales,any
thousands of feet of rock separatestmajor gasbearing shale formations the United States
from the base of aquifethatcontaindrinkable watet? (See Figure 5.)

Figure 5. Target Shale Depth and Base of Treatable Groundwater in Select Shale Play
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Because the direct contamination of underground sources of drinking water from fractures
created kg hydraulic fracturing would require hydrofractures to propagate several thousand feet



beyond the upward boundary of the target formation through many layers ouohbk,
contaminations highly unlikely to occur in deep shale formati@hsing welldesigned fracture

jobs. For example, the top of the Marcellus Shale, which runs from upstate New York through
Pennsylvania, West Virginjand parts of Ohio, lies from@D0 to 8500 feet below the surface.

The deepest underground sources of drinking watgais region lie about 850 feet below the
surface? Geologists estimate that there is at least arhiéf of rockbetween the natural gas

deposits and the groundwater, including nine layers of impermeable shale, each of which acts as
a barrier to veital propagation of both natural and artificial fractutes.

As mentioneckarlier, seismicmonitoring isanessentiatool for assuring thatydraulic
fracturingis inducing micrgeismic activityonly within the shale gas reservoir. Yet oalyout
threepercent othe ~75,000 hydraulic fracturirejages conducted in tlhunited Statesn 2009
wereseismically monitored: Public confidencen the safety of hydraulic fracturing woule
greatlyimproved bymorefrequent microseismic monitorirand public dissemination of the
results.

Failure of the cement or casing surrounding the wellbore poses a far greater risk to water

supplies. If the annulus is improperly sealed, natural gas, fracturing fluids, and formation water
containing high conceérations of dissolved solids may be communicated directly along the

outside of the wellbore among the target formation, drinking water aquiferkayamd of rock in

betweenFor example, in 2007, a well that had been drilled al#@€iOfeet into a tight sand

formation in Bainbridge, Ohio was not properly sealed with cement, allowing gas from a shale

layer above the target tight sand formation to travel through the annulus into an underground

source of drinking water. The methaneeventbay bui It up until an expl
basement alerted state officials to the probtem.

A varietyof tools exist to help producers and regulators minimize the risk of cement and casing
failures. The American Petroleum Institute (API) déyes and updates standards and
Arecommended practiceso for oil *“Maystgfeas expl o
regulations require steel casing and cement used in oil and gas well construction to meet

standards set by API or other organizatiiiFrequent monitoring and testing also allow

producers and regulators to checkititegrity of casing and cement jobs. Many states require

operators to perforra test such as a cement bond log, which measures the quality of the-cement
casing and cemeifibormation bonds¢ Ensuring that these tests are conducted and heeded in
accordance with regulations, and requiring them in states where they are currently voluntary, are
essential to preventiraccidents such as occurred in Bainbridge

Blowouts

Recent gs well blowouts in Pennsylvania and West Virginia during drilling operations in the
Marcellus Shale, set against the backdrop of the recent offshore blowout and oil spill in the Gulf
of Mexico, underscore the environmental and public risks assoeiétedrilling into highly
pressurized zones of hydrocarb@msl introducing pressurized fluids during hydraulic

fracturing®’ At the time of writing this article, the causes of all three blowaat® still under
investigation. Operators in Pennsylvaniaared that that blowout occurred because the blowout
preventer proved inadequate to deal vhilfherthananticipated pressurésln West Virginia,



drillers reportedlyencountered an unexpected pocket of methane in an abandonedrmmahiyi
about 1,000 feet below the surfaaad a blowout preventer had not yet been instéiled.

Suchdisasters stress the needdathering accurate information about the subsurface and
ensuring that personnel on drill sites are trained to délalumusual andinexpected situations,
including blowouts. Even drilling and well constructiomrecarried out in full compliance with
local, stateand federal regulationand industry best practices are followed, many decisions
during drilling and facturing operations must be made by individuatl training and
experience, together with full enforcement of strong regulations and adoptraiusfry best
practicesare critical to therotection of the public and the environment.

Seismic Risks

Another subsurface risk that has received attention recently is the possibility that drilling and
hydrauli@ally fracturing shale gas welisight cause lowmagnitude earthquakes. In 2008 and
2009, the town of Cleburne, Texaxperienced several clusters afak earthquakes all
registering 3.3 or less on the Richter séafince the town had never registered an earthguake
its 142year history, some residents wondered if the recent increase in local drilling activity
associated with the Barnett Shatgght be responsible. A study by seismologvsith the
University of Texas an8outhern Methodist University found sonclusiveink between
hydraulic fracturing and these earthquakes but indicated thetj¢icdon of waste water from

gas opeditions ino numerous saltwater disposal wells that were being operated in the vicinity
could have caused the seismic activitver 200 such wells exist in the Barnett Shale, and are
the preferred means of waste water disposal for operators in th# area.

While thehydraulic fracturingprocessloes creata large number ahicroseismic eveni®r
micro-earthquakeshe magnitudes of these are generally too small to be detected at the surface.
Figure4C shows the cumulative frequency distribution of micraséc events of different size

in a Barnett Shale welRltogether a downhole seismometer ar@dgployed in a nearby well
detected about,000micro-earthquakesThe biggest micrearthquakebhave amagnitudeof

about-1.6. An earthquake of thisizerepresents slip of less than a hundredth of an adobut

the thickness of a human hain apre-existingfault only a cauple of feet acros§.he number of
extremelysmall earthquakes (less thamagnitudeof about-2.8) tapers off because theyeaso

small that they cannot be detected.

Underground fluid injection is an integral part not only of hydraulic framgibut of waste
water disposal in injection wells, some geothermal energy projects, and carbon dioxide
sequestration. The seismic maming of hydraulic fracture jobs discusseatlieris critical to
improving understanding of how underground injection might spark unexpectedly high
magnitude seismic activity.

Surface Water and Soil Contamination
Because of the quantities of chieals that must be stored at drilling sites and the volumes of

liquid and solid waste that are produced, significant care must be taken that these materials do
not contaminate surface water and soil during their transport, storage, and disposal.



Fluids wsed forslickwater hydraulic fracturing are typically more than 98 percent fresh water and
sand by volume, with the remainder made up of
effectiveness, such as thickeners and friction reducers, and protect theiprodasing, such as

corrosion inhibitors and biocidésThese fluids are designed by service companiesahait
fracturingtreatmentgo suit the needs of a particular job. In a 2009 survey of six service

companies andi2 chemical providers, thlew York State Department of Environmental

Conservation received a list of so@@0chemical additives that companies might use in

fracturing fluids®*

Because the fluids in each fracturing treatment would contain a different subset of these
chemicals, and because these chemicals could be hazardous in sufficient concentrations, public
disclosure of the chemicals used in hydraulic fracturing on dogisite basiss necessary to
enableregulatory agencies, health professionals, and citiwet@nduct baseline water testing
andrespond appropriately should contamination or exposure osewmber of companies are
investigating use of more environmentally benign fracturing fl&id$iese would also help limit

the environmental and health rigkgsed by fracturing fluids in the case of contamination.

Chemicals to be used in fracturing fluids are generally stored at drilling sites in tanks before they
are mixed with water in preparation for a fracturing job. Under the Emergency Planning and
Commuity Right to Know Act of 1986 (EPCRA), companies mpast Material Safety Data

Sheets (MSDSs) that list the properties and any health effects of chemicals stored in quantities of
more than 10,000 pounéfDisclosure of chemicals stored in srealfjuantities is not currently
required by law, and access to MSDSs can often be limited. Several ongoing efforts would
require greater disclosure of fracturing fluids, including a provision in draft climate legislation
introduced by Senatod®hnKerry (D-MA) and JoeLieberman (ICT) in May 2010 that would

amend EPCRA to mandate the disclosure of all chemicals used on public wBbsites.

After each fracturing stage, the fracturing fluid, along with any water originally present in the

shale formation, ifilf o we d thiboagh the@wellbore to the surfaédowback and water
produced during a watlrdllypccurring forreatian mater tbadis milsoaosn t a i n
of years old and therefore cdisplayhigh concentrations of saltsaturally acurring

radioactive material (NORM@nd other contaminanitscluding arsenic, benzepand mercury?®

As a result, the water produced during hydraulic fracturing must be disposed of properly.

Afl owbacko period typi c aékbkatholgh somesinjettedwatgre r i od s
can continue to be produced along with gas several months after production ha$’ $tetted.
MarcellusShale, approximately 2percentof the water injected during hydraulic fracturing
operationsnay beproduced durindlowback*

Flowback water is dealt with differently in different states. In the Barnett, Fayetteville,
Haynesville, Woodford, Antrim, and New Albany Shales, the primary disposal method has been
injection into underground saline aquifers, such as trenbdrger Limestone that underlies the
Barnett formatiort* While injection is regulated at the federal level under the Safe Drinking
Water Act (SDWA), the availability of adequate disposal wells is a major issue that needs to be
addressed for shale gas depenent to take plac&here are tens of thousands of licensed
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injection wells in Texas, but because of political and geological constraints, many fewer exist in
the Marcellus Shale. The state of Pennsylvania currently only hasdbGiass Il wells*

As a result, one option for dealing with flowback water from wells in the Marc8hateis

disposal amunicipal waste water treatment facilities, which generally discharge treated water
into surface water bodiessich agivers and streant$ Current waste water treatment facilities in

the Marcellus are insufficient to handle the volumes of fluids that would be produced were shale
gas development to increase significantly. In addition, they may not be designed to handle the
highly saline water mduced by gas drilling.

In late 2008 and 2009, there were significant spikes in the level of total dissolved solids (TDS) in
Pennsyl vaniaés Monongahela River, which suppl
people. Since flowback contains largecamts of total dissolved solids (TDS), and drilling

fluids constituted up to 20 percesftthe waste watebeing treated by sonfacilities, the

Pennsylvania Department of Environmental Protection (PADEP) ordered these facilities to

restrict their intake fodrilling waste watef! PADEP reported that TDS levelshichalsocanbe

influenced by abandoned mine drainage, stormwater runoff, and discharges from industrial or
sewage treatment planexceeded standards at least twice more in 2009

Given thre constraints on both underground injection and treatment and discharge in the
MarcellusShale serious investment will be needed in advancing treatment technologies that
enable companies to reuse fluids for subsequent fracturingstmwbackcomprise only 25
percentof the water injected into a given well in the Marcellusated flowback watemouldbe
diluted with fresh water andigjected.Recycling water minimizes both the overall amount of
water used for fracturing and the amount thastibe disposed of. Many water treatment
processes are currently being investigated that could be potentially be used at large scale and
have a significant impact on this probl&m.

Finally, one of the problematic aspects of handling flowhaateris thetemporary storage and
transport of such fluidprior to treatment or disposal. In many cadtuids may bestored in

lined orevenunlined open evaporation pitsEven if the produced wateoesnot seepdirectly

into the soil, a heavy raicancausea pit to overflow and create contaminated rurté8toring

produced water in enclosed steel tanks, a practice already used in some wells, would reduce the
risk of contamination while improving water retention for subsequent féuse.

In addition, egipment used to move fluids between storage tanks or pits and the wellhead must

be monitored antestedregularlyto prevent spillsand precautionsiust betaken while

transporting produced water to injection or treatment sites, whether viemeipetruck.In May
2009,PADEPdiscovered that two leaky joints in a pipeline carrying waste water from gas wells

to a disposal site had resulted in the release of ab2@@ 4allons of waste waterto Cross

Creek, causing the deaths of some fish and invertelSt®esge Resources, thener of the

wellsswas fined for this violation of PBennsyl vani
another spill thabccurredn October2009.>*
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Other Surface Impacts

Drilling operations require significaaboveground development. In addition to the well pad

itself, roads may need to be built and gathering infrastructure installed to bring the natural gas
from the wellhead to a peline thatfor a typical well in the MarcelluShale may require the
developmenof several acres of landotal land use can be reduced by drilling multiple wells

from a single well padas is done in areas of steep topography or environmemisitisity.
Nonetheless, because so many wells have to be drilled and appreciable infrastructure developed,
it is important to do as much as possible to minimize the overall impact on local communities.
Land use decisioraffecta wide range of skeholders including the landowners, neighbors and
surrounding communities. Permitting procedures will need to evaluate the needs of each of the
stakeholders and include clear and enforceable remediation strategies to ensure minimal impact
and maximum restation of the land associated with natural gas production.

The trucks used to transport equipment, fracturing fluid ingredients, and water to the wellpad,
drilling rigs, compressors, and punmgdsemit air pollutants, including carbon dioxide, nitrogen

and sulfur oxides (NEand SQ), and particulate mattevolatile organic compounds (VOCs)

and other pollutants associated with natural gas and fracturing fluids can enter the air from wells
and evaporation pit$n addition, natural gas, whose main comgans methane, is itself a
greenhouse gawmore potent than con dioxideandcould represerd significant source of

emissions during the gas production proc¢éss.

Many technologies and practices to reduce venting and leakage during gas production and
transport have been compil ed by *EmissionfofS. EPA®S
gases that contribute to local air pollution, public health riskscméte changean be reduced

by available control technologies, improved monitoraxgg more efficient production

operations(The impacts of natural gas development with air quality will be the focus of a future
briefing paper by the Natural Gas and Sustainable Energy Initjative.

Even compared with drilling, which might use up to dion gallons of water per well,

hydraulic fracturing is a watentensive procedure, requiring betwezand8 million gallons per

well fractured® In the BarnetShale for example, an average of alm8snillion gallons of

water isused per well, the great majority of which is used for hydraulic fracttiBig.ce
development of this resource will require tens of thousands of shale gas wells to be drilled, the
required volumes of water are dramatic.

Any set of water use regulationaust take into account local hydrology and competing uses for
the water in a given area. Operators and regulators must work together to explore opportunities
to reduce water use and increase recycling of produced Waeater reuse of fracturing fluids

would reduce demands communiy water suppliesSteps can also be taken to utilize excess
water during peak seasonal faff and to try to use less water during slickwater fracturing
operations(The water requirements for natural gas depeient will be the focus of a future

briefing paper by the Natural Gas and Sustainable Energy Initjative.

While a well is being drilled and completed, operators are generally working around the clock
for several weeks. Drilling sites generate signifiGanbunts of noise pollutiomjthough noise
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can be reduced through the construction of sound baiti@es development can alaffect
communities in less tangible ways. While it may stimulhé&localeconomyand providgobs,

gas development may also lead to increased traffic and greater strains on public resources.
Operators must work with local stakeholders to minimize the impact of gas development
activities on a communityds resources and

BOX: Current Regulatory Framework Governing Shale Gas Development

Most regulation of oil and gas development is currently left to the states, where regulatq
bodies are in charge ehforcing state environmental laws as well as rules and regulatiory
specific to oil and gas production. Rules and regulations developed by state agencies S
the Colorado Oil and Gas Conservation Commission, the Texas Railroad Commission,
Pennsivania Department of Environmental Protection govern the specifics of gas prody
requiring producers to obtain permits before drilling, and requiring certain standards an
practices to be used during well construction, hydraulic fracturing, wastérizarashd well
plugging. State regulations also deal with tanks and pits as well as any chemical or wag
water spills.

Currently, there is significant variation in the particulars of these rules and regulations f
state to state. For example, in a 2@Qirvey of the 27 largest gasoducing states, the
Ground Water Protection Council (GWPC) found that 25 states required surface casing
set below the deepest groundwater, 21 require a cemeuyt petiod or test such as a ceme
bond log, 10 requé companies to list chemicals or pressures used during hydraulic
fracturing, and none requires companies to list an estimate of how much of this fracturi
fluid flows back to the surface after a well has been fractured. Thenotin STRONGER
(State Rewaw of Oil and Natural Gas Environmental Regulations) has been updating
guidelines for reviews of state programs since 1999. As list of states that have complet
initialand followu p r evi ews i s avai |l abwwe.strongerigSbig O

In addition to these state rules and regulations, some federal environmental regulationg
apply to shale gas development. For example, the Clean Water Act regulates contamin
storm water runoff and surface disahpes of water from drilling sites, and the 1986
Emergency Planning and Community Rigbtknow Act (EPCRA) requires companies to
post material safety data sheets describing the properties and health effects of any che
stored in quantities that exce®d,000 pounds. In some cases, states may obtain authorit
enforce a federal law. The Safe Drinking Water Act (SDWA), which regulates the
underground injection of waste water from gas wells, though not hydraulic fracturing, is
example of a federal\hawhich allows state regulatory agencies to obtain primacy over
enforcement if they demonstrate that they can do so to the minimum standards laid fort
the Environmental Protection Agency.

Source: See Endnotes 2 and 5 for this section.
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V. Conclusion

New supplies of gas from shale could provide mdrfy. states with an attractivegwer-carbon
transition fuel on the path to a fully renewable energy supply, while providing jobs and
generating appreciable revenue. However, these opportunities cannot be realized unless the
environmental risks posed by shale gas developmentaraged effectively. Our analysis
suggests thathile shale gas development poses significant risks to the environment, including
faulty well construction, blowouts, and abegeund contamination due to leaks and spills of
fracturing fluids and waste wateéechnologies and best practices exist that can help manage
these risks.

Best practices are currently being applied by some producers in some locations plyuiinot
producers in all locations. Enforcing strong regulations is necessanguocebroader adoption

of these practicesndto minimize risk to the environmenn addition, f increased shale gas
development is to be undertaken responsthly,cumulative risks of developing thousands of
wells must be considere@ngoing stugks by the Environmental Protection Agency and others
examining the environmental impacts of hydraulic fracturing will arm state and federal decision
makers with critical information upon which to base future regulations.

By developingand adoptingnnovaive best practices, industry can take a proactive role in
addressing the environmental risks associated with shale gas develofimedrbuston
Advanced Research Center and Texas A&M University are working with companies,
environmental organizations, uensities, government laboratories, state and federal agencies
and others to reduce the environmental impatctrilling and productionThe Environmentally
Friendly Exploration and Production progrémecuses on solutions tedue the footprint of

drilli ng activities,ensure theafe transport and disposal of drilling fluids and cuttitmser air

and noise pollutiorand minimize other risks to the environmént

Robust regulatory oversight is an important ingredient to assure environmental and public
protection. Under curreid.S.laws, some aspects of shale gas development are regulated by the
Clean Water Act, the Clean Air Act, and the Safe Drinking Water Act, but regulation of drilling
and hydraulic fracturing ieft largelyto the state levelhere regulatory capacity and
enforcementas well as theegulations themselves, vary widely.

The state of Colorado recently revised its oil and gas rulesengtherprotections for the local
environment? The new rules, which went intffect on April 1, 2009, were devised after a

boom in gas production from coal bed methane and tight sands was linked to both environmental
and public health problenas well agpermitting bottlenecksColoradoGovernor Bill Ritter has

argued that thpublic assurance that these rules created was as an important prerequisite for
adoptionofCo | or ado 6 s ZXledhJobgLActEhatActrAeiggui res Col oradods
regulated utilities to retire or4gower some 900 megawatts of cfiedd power plants,

displacing them primarily with natural g&ddowever, many independent producers feel that

they were excluded from what was touted as a rstdkeholder process and argue that the
Colorado Oil and Gas Conservation Commission did not fully account fandheased costs the

new rules would impose, while some environmentalists feel that the revisions did not go far
enough?
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Col oradods example provides valuable | essons
and gas regulations. The Wyoming Oil a&ads Conservation Commission passed a package of

new oil and gas drilling rules on June 8, 200ese rules make Wyoming the first state to

require operators to disclose the composition and concentration of chemicals used in hydraulic
fracturing® Other $iale-producing states may soon follow sit.

New York, a relative newcomer to the modern oil and gas industry, has been the site of a
contentious debate over future devel opment of
TheNew York Department of Environmental Conservation (NYSDEC) has been charged with
updating rules regulating horizontal drilling and higflume hydraulic fracturing and is

currently evaluating public comments on a draft Supplemental Generic Environmental Impact
Statemat that it released in September 2608 the meantimel 0 bills relating to shale gas
development, including one that would place a moratorium on drilling until 120 days after the
E P A §tusly of hydraulic fracturingsicompleted, are making their way through the state
legislature® In neighboring Pennsylvania, where over 564 wells were drilled in the Marcellus
Shale during the first half of 2010, Goveritd Rendell has said that he would sign a bill calling
for a thre-year moratorium on new leasing of state forest land for gas exploration while
potential environmental impacts are studfed.

The experiences of Colorado, Wyoming, Pennsylvania, and New York have demonstrated that
strong public pressure exists for striat@ersight of the oil and gas industry and that state
regulators can and will move forward in strengthening their own regulations. If they are
produced responsibly, shale gas resources in the United States could play a central role in
building alow-carbon energy economy. Greatertreach angublic educatiorabout shale gas
development arelearlynecessary to enable the many stakeholders engaged in shale gas
development to work together to find the most effective technological and regulatory solution
for developing shale gas resources while protecting the environment and public interest.
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