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EXECUTIVBUMMARY

As natural gas production has increased, so have concerns about the potential environmental and

human health impacts of hydraulic fracturimgthe United StatesHydraulic fracturing, which involves

the pressurized injection of watechemical additivesand proppantsnto a geologic formation, induces

fractures in the formation that stimulate the flow of natural gasoil, thus increasing the volume of gas

or oilthat can be recovered from cdsds, shales, and tight sardghe soOF £ t SR G dzy 02y @Sy i A 2
reservoirs.Many concerns about hydraulic fracturing center on potential risks to drinking water
resourcesalthough other issues have been raisédresponse to puic concern, Congresirectedthe

United State€nvironmental Protection Agency (EPA) to conduct research to examine the relationship

between hydraulic fracturing and drinking water resourc&bis document presents the plan for the

EPA study.

The overdlpurpose of this study is to understand the relationship between hydraulic fracturing and
drinking water resources. More specifically, the study is designeddminethe conditions that may
be associated with the potential contaminam of drinking wagr resourcesand to identify the factors
that may lead to human exposure and risH$1e scope of the proposed research includes the full
lifecycle of water in hydraulic fracturing, fromater acquisitiorthrough the mixing of chemicals and
actual fractuing to the postfracturing stage, including the management of flowback and produced
water and its ultimate treatmet and/or disposal.Figure 1 illustrates the hydraulic fracturing water
lifecycle and the key research questions EPA will address througbttialy.

The research identified in this study plaasbeen designed to answer the questions listed in Figure 1
and will require a broad range of expertise, including petroleum enginededtegand transport
modeling, groundvater hydrology andtoxicology. EPAwill use case studies and generalized scenario
evaluations as organizing construfas the researchdentified in this plan

Retrospective case studiasll focuson investigating reported instances of drinking watesource
contamination or ¢her impacts in areas where hydraulic fracturing has already occu&d will
conduct retrospective case studies at three to five sites across the United Stdtesites will be
illustrative of the types of problemthat have been reported to EPA dig stakeholder meetings, and
will provide EPA with informatioregardingkey factors that may be associated with drinking water
contamination. These studies will use existing data and possibly field sampling, modeling, and/or
parallel laboratory investafions to determine thepotential relationship betweemeported impactsand
hydraulic fracturing activities.

Prospective case studiedll involve sites where hydraulic fracturing will occur after the research is
initiated. These case studies allow samgland characterization of the sibefore, during, and after
water extraction, drilling, hydraulic fracturing fluid injection, flowback, and gas producE&#will
work with industry and other stakeholders to conduct two to three prospective caseestudidifferent
regions of the United Stateslhe data collected during prospective case studies will allowtdgain
an understanding of hydraulic fracturipgactices evaluate changes in water quality over tinaad
assesshe fate and transport opotential chemical contaminants.

Vii
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Generalized scenario evaluationsl allow EPA to explore hypothetical scenarios relating to hydraulic
fracturing activities, and to identify scenarios under whigidraulic fracturing may adversely impact
drinking water rsources based on current understanding and available data.

To better understand potential human health effects, EPA plans to summarize the available data on the
toxicity ofchemicals used in or released lydraulic fracturingandto identify and prioritze data gaps

for further investigation. The substances to be investigated include chemicals used in hydraulic
fracturingfluids, their degradatesindor reaction productsand naturally occurring substances that may
be released or mobilized as a resulthgiraulic fracturing.

The research projects identified for this study are organized according to the hydraulic fracturing water

lifecycle shown in Figure 1 and are summarizefippendix Ap.70). EPA is working with other federal

agencies to collabate on some aspects of the research described in this study plan. Additionally, EPA

will announce requests for applications for extramural research projects related to this astiuy

study plan is finalized. These projects will be conducted through®® { OA Sy O0S ¢2 | OKA S @S
(STAR) program.

All research activities associated withk & a G dzReé gAff 0S O2y RUANi SR Ay | O
AssuranceéProgram for environmental dataEPA will provide periodic updates on the progress of
various pojects as the research is being conducted. The results of individual research projects will be
made available after undergoing a quality assurance reviearly results may indicate the need for EPA
to conduct further investigations to identify the kégctors that may impact drinking water resourcds.

is expected that a report of interim research results will be completed in 20t2s interim report will
contain a synthesis & t ! ré&3@arch to date and will include results from retrospective tsdies and
initial results from scenario evaluations. However, certain portions of the work described here,
including prospective case studies and work performed under STAR grants, arerfongojects that

are not likely to be finished at that timéAdditional reports of study findings will be published as these
longterm projectsprogresswith afollow-up reporton the studyin 2014

EPA recognizes that there are important potential research areas related to hydraulic fracturing other
than those mvolving drinking wateresourcesincluding effects on air quality, aquatic and terrestrial
ecosystem impacts, seismic risggplic safety concerngccupationakisks and economic impacts

These topics are outside the scopetid currentstudy, but iould beexamined irthe future.

CKAAd RN} FdG addzRe LI Ly gAtf 0S5 &adodreviewhefSrebeing2z 9t ! Qa
finalized Consistent with the operating procedures of the S&Bkeholders and the public will haaa
opportunity toprovide comments fothe SAB to take into account during the review.

viii
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Water Use in Hydraulic
Fracturing Operations

Water Acquisition

Chemical Mixing

Well Injection

L

Flowbackand
Produced Water

L

Wastewater Treatment
andWaste Disposal

Fundamental Research Question

How might large volume water withdrawals from ground and
surface water impact drinking water resamas?

What are the possible impacts of releases of hydraulic fracturing
fluids on drinking water resources?

What are the possible impacts of the injection and fracturing
process on drinking water resources?

What are the possible impacts of releases owthack and
produced water on drinking water resources?

What are the possible impacts of inadequate treatment of hydrauli
fracturing wastewaters on drinking water resources?

FIGJREL. RUNDAMENTAL RESEARGHESTIONS POSED EBRH STAGE OF THERAULIC FRACTURINGTER LIFECYCLE
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1 INTRODUCTION ANDRPOSE G3TUDY

| @RNI dzf AO FNIOGdzNAY3I Aada |y AYLRNIFYyG YSEya 27F |
natural gas Advances in technologylang with economic and energy policy developments, have

spurred a dramatic growth in the use of lgdlic fracturing across a widange of geographic regions

and geologic formations in the United States the use of hydraulic fracturing has increassalhave

concerns about its potential impact on human health and the environment, especially with regard to
possible effects on drinking water resourcdhese concerns have intensified as hydraulic fracturing has
spreadfrom the South and Wedb other settings, such as the Marcellus Shale, which extends ftem
southern tier ofNew York through parts of Pennsylvania, West Virginia, eastern Ohio, and western
Maryland.

O
O

InFiscal Year 201¢he U.S/ 2 y 3 Wpeogrid@ion Conference Committetrected EPA0 conduct
research to examine the relationship between hydraulic fracturing and drinking water resources

The conferees urge the Agency to carry out a study on the relationship between

hydraulic fracturing and drinking water, using a credible approachrilees on the best

available science, as well as independent sources of information. The conferees expect

the study to be conducted through a transparent, pesfiewed process that will ensure

the validity and accuracy of the data. The Agency shafiudbwith other Federal

agencies as well as appropriate State and interstate regulatory agencies in carrying out

0KS &dddzRe:I 6KAOK aK2dzZ R 6S LINBLI NBR Ay I 002 NRI
principles.

This documenpresentsadraft LJ | Yy & g&edéhréhtorl h@draulic fracturing and drinking water

resourcesand respndsto both the request of Congressmidconcerns expressed by the publi€or this
d0dzReé> 9t! RSTAYSa aRNAY]1AY3A 6 G§SN NBthapcdzDSa ¢ G 2
currently, or in the future, produce an appropriate quantity and flow rate of water to serve as a source

of drinking water for public or private water suppli€Bhis includes both underground sources of

drinking water (USDWSs) and surface waters.

Theoverarching goabf thisresearch is t@answer the following questions:

e Can hydraulic fracturing impact drinking water resources?
¢ If so, what are the conditions associated with the potential impacts on drinking water resources
due to hydraulic fracturing aistities?

To answer these questions, EPA has identified a set of proposed research activities associated with each
stage of the hydraulic fracturing water lifecyclegm water acquisitionthrough the mixing of chemicals

and actual fracturing to podtacturing production, including the management of flowback and

produced water and ultimate treatment @disposal.These research activities will identify potential

sources and pathways of exposure and will provide information about the toxicity of contarmiofant
concern. This information can then be used to assess the potential risks to drinking water resource
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from hydraulic fracturing activities. Ultimately, the results of this stwillprovide policymakers at all
levels with sound scientific knowledgfgat can be used in decisienaking processes.

The study plan is organized as follows:

e Chapter 2 details the process for developing the study plan and the criteria for prioritizing the
proposed research.

e Chapter 3 provides a brief overview of the natugak production process.

e Chapter 4 outlines the hydraulic fracturing water lifecycle and the research questions associated
with each stage of the lifecycle.

e Chapter 5 briefly describes the research approach.

¢ Chapter 6 provides background information on leatage of the hydraulic fracturing water
lifecycle, and proposes research specific to each stage.

e / KFLIWISNI T adzYYINART Sa 9t! oa OF&S aiddzRe | LILINEI OK
plan.

e Chapter 8 describes proposed studies to characterizédkieity and potential human health
effects of substances associated with hydraulic fracturing.

e Chapter 9 presents a brief discussion of hydraulic fracturing in the context of environmental
justice.

e Chapter 10 provides a short summary of how the propogadies will address the research
guestions posed for each stage of the water lifecycle.

e Chapter 11 identifies additional areas of concern relating to hydraulic fracturing that are outside
the scope of this study plan.

2 PROCESS FGRUDYPLANDEVELOPMENT

2.1 INITIALSCIENCADVISORBOARDREVIEW OFHESTUDYPLANSCOPE

Ly SIENIfe& CAalolft ,SIENIHaAmMAaX 9t! Qa hFTFFAOS 2F wSaStH N
presented a proposed scope and initial design of the study (USEPA, 20heajocument was

submh G GSR (2 GKS 9t ! (SARENiIOBnentaREDdineiMgEComntteeNdR eview

in March 2010 The SAB is a public advisory committee that provides a balanced, expert assessment of
scientific matters relevant to EPAn its response to A in June 2010 (USEPA, 2)1the SAB

recommended that1) initial research be focused on potential impacts to drinking water resources with

later research investigating more general impacts on water resourcesn@2gement with stakeholders

occur thraughout the research processnd(3)5t0 10in-RS LG K OF a8 &addzRASE G af 2C
NBLINSASY(d GKS FdzZf NIy3aS 2F NBIAA2YyIlf GFINRFOoAfAGER
research plan

The SAB cautioned EPA against studyingspkcts of oil and gas production, stating that the study
aK2dzZ R aSYLKIFAATS KdzYly KSIFfGK FyR SYy@ANRYYSY(l f
hydraulic fracturing rather than on concerns common to all oil and gas production actévities. ¢ K A a
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research plan, therefore, focuses on features of oil and gas production that are particular etosely
associated witin hydraulic fracturing, and their impacts on drinking water resources.

2.2 STAKEHOLDHRPUT

Stakeholdeinput has playedand wil continue to playan important role in thelevelopment of the
hydraulic fracturing studplan and the research it will involvé&P Ahasimplemented a strategy that
engages stakeholders in dialogue and provides opportunities for input on the study acopase

study locations The strategy also providasmeandor exchangnginformation with experts on

technical issuesEPA will continue to engage stakeholders as results from the study become available.

EPA has engaged stakeholders in the followrags:

Federalstate, andtribal partner consultations Webinars were held witstate partners in May 2010,

with federal partners in June 2010, and with Indigbes in August 2010The state webinar included
representatives from 21 states as well apiresentatives from the Association of State Drinking Water
Administrators, the Association of State and Interstate Water Pollution Control Administrators, the
Ground Water Protection Council (GWPC), and the Interstate Oil and Gas Compact Commissign (IOGCC
The federal partners included the Bureau of Land Management, the U.S. Geological Survey (USGS), the
U.S. Fish and Wildlife Service, the U.S. Forest Servidd, $tigzepartment of Energy (DOE), the U.S.

Army Corps of Engineers (USACE), the NationklJtawice (NPS), and the Agency for Toxic Substances
and Disease Registry. There were 36 registered participants for the tribal webinar representing 25 tribal
governments in addition, a meeting with the Haudenosaunee Environmental Task Force was held in
August 2010 and included 20 representatives from the Onondaga, Mohawk, Tuscarora, Cayuga, and
Tonawanda Seneca Nations. The purpose of these consultations @&suss the study scope, data
gaps,opportunities forsharing data and conductirgint studies, and current policies and practides
protecting drinking wateresources.

Sectorspecificmeetings Separate webinars were held in June 2010 with representatives from industry
and nongovernmental organizationdNGOs}o discuss the public engagemt process, the scope of the
study, coordination of data sharing, and other key issu@gerall, 176eople representingarious

natural gas production and service companies and industry associations participated in the webinars, as
well as 64people repesentingNGOs.

Informationalpublicmeetings. Public information meetings were held between July and September
2010 in Fort Worth,Texas Denver Coloradg Canonsburg?ennsylvanigand BinghamtonNew York.

At these meetings, EPA presented inforroatonits reasons fostudying hydraulic fracturing, an
overview of what the studynightinclude, and how stakeholders can be involv&pportunities to
present oral or written comments were provided, and EpAcificallyasked for input on the following
guestions

e What should b t !hi@kest priorities?
e Where are the gaps in current knowledge?
e Are there data and informatioBPAshould know about?
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e Where do you recommenBPAconduct case studies?

Total attendance for all of the informatiquublic meetingexceeded 3,50@nd more than 700 verbal
comments were heard.

Summaries of all of the stakeholder meetings can be foundtpt/lwater.epa.gov/type/groundwater/
uic/class2/hydraulicfracturing/wells_hydroout.cfm

Otheropportunitiesto commert. In additbn to conducting the meetings listed above, EPA provided
stakeholders with opportunities to submit electronic or written comments on the hydraulic fracturing
study. EPA received over 5,000 comments, which are summarized in Appendix B.

2.3 RESEARCRHRIORITIZAON

In developing this proposed study plan, EPA considered the results of a review of the litérature,
comments received from stakeholders, and input from meetings with interested parties, including other
federal agencies, Indian tribes, state agenciedustry, and NGOs. EPA also considered
recommendations from the initial SAB review of the study plan scope (USEPA). 2010

Based on stakeholder input and the expected growth in shale gas development, this study plan
emphasizes hydraulicacturing in shad formations. Portions of the proposed research, however, may
provide information on hydraulic fracturing in coalbed methane reservoirs and tight sands, and EPA will
pursue these research opportunities when possible.

As requested by Congress, EPA idemtifundamental scientific research questions (summarized in
Chapter 4) that will frame the research and help to evaluate the potential for hydraulic fracturing to
impact drinking water resourced:ollowing guidance from the SAB, EPA used daskd proritization
approach to identify research that addresses the most significant risks at each stage of the hydraulic
fracturing water lifecycle Other criteria considered in prioritizing proposed research activities include:

¢ RelevanceOnly work that may idectly inform an assessment of the potential impacts of
hydraulic fracturing on drinking water resources was considered.

e PrecedenceWork that needs to be completed before other work can be initiated received a
higher priority.

e Uniqueness of the conlnition: Relevant work already underway by others received a lower
priority for investment by EPA.

e Leverage:Relevant work that EPA could leverage withrogestigators received a higher
priority.

Applicationof the criteria listed abovensuresthat resaurces are provided for the areas that potentially
pose the greatest risk to drinking water resources.

! The literature review includes information from more than 120 articles, reports, presentations, and other
materials. Information resulting from this litsture review is incorporated throughout this study plan.

4
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2.4 NEXTSTEPS

The next steps in the development and implementation of the study atan

e The draft study plan will be sent to the SAB for peer review aadenavailable to the public in
February 2011. The SAB will have an opportunity to hear verbal comments and read written
comments from stakeholders and the public during their March 2011 public meeting to review
the draft study plan.EPA will respond tooenments from the SAB, and will adjust the study plan
as appropriate.

o EPA will condudhe research described in this plan, goldns toannounce requests for
applicationdfor extramural research projects the early part of 2011 for research thiat
related to this study Additionally, it is likely that other federal agencies will cooperate with EPA
on some aspects of the research.

e The research projectsill beginin the early part of 2014fter EPA receives and responds to
comments from the SAB

e Periodc updates will be provided on the progress of the research projects.

e A study report providing interim research results is expected todmepleted in 2012nd will
be made available to the public.

e Additional study results will be published as individesierarch projects are completed, with an
additional report expected to be published in 2014.

2.5 INTERAGENCYHOOPERATION

In a series of meetingEPA consulted with several key state and federal agencies regarding research
related to hydraulic fracturing. ER#et with representatives from DChd DOE's Nationdtnergy

Techology Laboratory (NETL), USGSACE, and I0Gtdearn about research that those agencies are
involved in and to identify opportunities for collaboration and leverag®Aalsoparticipated in a series

of meetings in which a number of other federal agencies participated. As a result of those meetings,

EPA has identified work underway by others that can inforravits study. EPA continues to discuss
opportunities to collaboraten information gathering and researafforts with other agencieslin

particular, he Agency plans to coordinate with D@l USGS8n existing and future research projects.
RS3dzZA  NJ YSSGAy3Ia 0SGsSSYy 9t! YR 5h9 gAfaflic 6S asSi
fracturing and to exchange information among experts.

Federal agencies have also had an opportunity to provide comments on this draft study plan through an
interagency review. EPA received comments from the Agency for TdedtaBces and Disease

Registry, DOE, the Bureau of Land Management, USGS, thé&ighSand Wildlife Servicthe Office of
Management and Budget, the U.S. Energy Information Administration (EIA), the Occupational Safety and
Health Administration, and the National Institute of€dpational Health and Safetfhese comments

have been reviewed and modifications to the study plan have been made where appropriate.
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2.6 QUALITYASSURANCE

All EPAunded research projects, both intramural and extramural, that generate or use enviroament
data to make conclusions or recommendations must comply with Agency Quality Assurance (QA)
Program requirements (USEPA, 260ZEP Arecognizes the value of using a graded approach to QA such
that QA requirements are based on the importance of the vitorlwhich the QA program applies. Given
the significant national interest in the results of hydraulic fracturing related resetretipllowing

rigorous QA pproach will be used

e Research projects must comply with Agency requirements and guidance fdy@ssurance
project plans (QAPPs), including the use of data quality objectives

¢ Audits will be conducted as described in an audit plan and will include technical systems audits,
audits of data quality, and data quality assessments

e Performance evaluatits of measurement systems will be conducted (if available)

e QA review of producfswill occur.

¢ Reports must have a readily identifiable QA section

e WSaSI NODK NBO2NRa gAff 0S8 YI yl 3ApRliedadddeedBA y 3 G 2
Scientific Resech.

All EPA organizations involved with the generation or use of environmental data are supported by QA
professionals who oversee the implementation of the QA program for their organization. Given the
crossorganizational ature of the proposed research is necessaryo identify a Program Quality
Assurance Managevho will coordinate the rigorous QA approach described above and ovétssee
implementation across all participating organizations. Typicallyp#tisonis associated with the
organizatia that has the technical lead for the research program. The organizational complexity of the
hydraulic fracturing researcgffort also demands that a quality management plan be writtedéfine

the QArelated policies, procedures, roles, responsibilitié@sd authoritiedor this research The plan

will document consistent QA procedures and practices that may otherwise vary between organizations.

3 OVERVIEW OENCONVENTIONMNATURAIGASPRODUCTION

Hydraulic fracturing is often used to stimulate the prodantof oil and gas from unconventional oil and
gas deposits, which include shales, coalbeds, and tight Sabdsonventional natural gas deposits
generally contain a lower concentration of natural gas over broader areas that have a lower
permeability than conventional gas reservoirs, which are typically porous and permeable and do not
require additional stimulation for production (Vidas and Hugman, 2088hilarly, hydraulic fracturing
can make oil production from shale casfective.

2Applicable productsnayinclude reports, journal articles, symposium/conference papers, extended abstracts,
computer products/software/models/databases, and scientific data.

% The use of hydraulitacturing is not limited to natural gas production. It may also be used when drilling for oil
(STRONGER, 2010), and has been used for other purposes, such as removing contaminants from soil and ground
water at waste disposal sites, make geothermal wakse productive, and to complete water wells (Nemat

Nassar et al., 1983Jew Hampshire Department of Environmental Services, 2010).
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Natural Gas Production in the United States
1%

45%

2009 Projected for 2035
(~24 tillion cubic feet per year) (~26 trillion cubic feet per year)
Sources of Natural Gas
@ Netimports O Coalbed methane I Non-associated onshore
Bl Shale gas Il Alaska 0 Nornrassociated offshore
[ Tight sands [l Associated with oil

AGURE 2. NATURAL&PRRODUCTION IN THHTED STATES (DATROM USEIA, 20110

Unconventional natural gas development has become an increasingly important source of natural gas in
the United Satesin recent years It accountedfor 28 percent of total natural gas production in 1998

(Arthur et al., 2008) Figure 2 illustrates that this percentage has risen to 50 percent in 2009 and is
projected to increase to 60 percent in 2035 (USEIA, 2010). This rise in hydraulic fractivitigsas

also reflected in the number of drilling rigs operating in th@tedd Sates;there were 603 horizontal gas
rigsin June 2010, up 277 from the previous year (Baker Hughes, 203} of thesewereinvolvedin

gas extraction viydraulicfracturing.
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Source: Energy Information Administration based on data from various published studies.
Updated: March 10, 2010

FIGURB. SHALE GAS PLANSHE CONTIGUOUS TRID STATES

Shalegas extraction Shale rock formations have become an important source of natural gas in the

United Sates,and can be found in many locations across the countishasvn inFigure3. Depthsfor

AKFES 31ra F2N¥FGA2ya 602YY2yfeé NBFSNNRAYy3a (G2 Fa alLl
SIFNIKQ&a adzNFI OS o6D2t /AttheeRd of 2D0P, the e riodtiproductive Ehaasn n v ®
fields in the country the Barnett, Haynesville, Fayettevill&oodford, and Marcellus Shalesvere

producing 8.3 billion cubic feet of natural gas per day (Zoback et al.,.2820drding to recent figures

from EIA shale gasonstituted14 percent dthe total U.S. natural gas supply in 2009, aildl

constitute 45 percent of the U.S. gas supply in 2035 if current trends and policies persist (USEIA, 2010).

Oil production has similarly increased into#laring shales following the increased use yditaulic

fracturing. Proven oil production from shales has concentrated primarily in the Williston Basin in North
Dakota, although oil production is increasing in the Eagle Ford Shale in Texas and the Niobrara Shale in
Colorado, Nebraska, and Wyoming (W5R010; OilShaleGas.com, 2010).
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: ) o
. Coalbed Methane Fields | y
Source: Energy Information Administration based on data from USGS and various published studies
Updated: April 8, 2009

FIGURE. COALBEMMETHANE DEPOSITSHE CONTIGUOUS UNDTEATES

Production otoalbed methane Coabed methane is formed as part of the geological process of coal
generation and is contained in varying quantitieighin all coal Depths of coalbed methane formations
range from 450 feet to greater than 10,000 feet (Rogers et al., 2007; National Research Couril, 2010
At greater depths, however, the permeability decreases and production is Iddedow 7,000det,
efficient production ofcoalbed methane&an bechallenging from a cosdffectiveness perspective
(Rogers et a].2007). Figuredisplays coalbed methane reservoirs in the contiguonidd Sates. In

1984, therewere very few codded methane wells in thenited Sates, by 1990, there were almost
8,000, and in 2000, there were almost 14,000 (USEPA)2002009, natural gas production from
coalbed methane reservoirs made up 8 percent of the total U.S. natasgbigduction; this percentage
would remain relatively constant over the next 20 yefiaurrent trends and policies persi@iSEIA,
2010. Production of gas from cdmds almost always requires hydraulic fracturing (USEPA,) 280d
many existing coald methane wells that have not been fractured are now being considered for
hydraulic fracturing.



DRAFT Hydraulic Fracturing Study Plan February 7, 2011
-- Science Advisory BoaREview--

‘Major Tight Gas Plays, Lower 48 statesy' o
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Source: Energy Information Administration based on data from various published studies
Updated: June 6, 2010

FIGURB. MAJORTIGHT GAS PLAYS HNETCONTIGUOUS UNITHIATES

Tightsands Tight sands (gasearing, finegrained sandstones or carbonates with a lpgrmeability)

accouned for 28 percent of total gas production in tHénited Satesin 2009 USEIA, 2010but may

account for as much as 35 percentoftiiei A 2y Qa NBO2@SNIo6fS 3IFa NBaSNBSa
Figureb shows the locatiosof tight gas plays in thenited Sates. Typical depths of tight sand

formations range from 1,200 to 20,08€et across thdJnited Sates (Prouty, 2001). Abost all tight

sand reservoirs require hydraulic fracturing toe@be gasinless natural fractures are present.

The following sections provide an overview of unconventional natural gas production, including site
selection and preparation, well construction and development, hydraulic fracturing, and natural gas
production. The current regulatory framework that governs hydraulic fracturing activities is briefly
described in Sectio8.5.

3.1 STESELECTION ANPREPARATION

The hydraulic fracturing process begins with exploring possible well sitesyddllby selecting and
preparing an appropriate siteln general, appropriate sites atkosethat are considered most likely to
yield substantial quantities of natural gas at minimum cd3ther factors, however, may be considered

in the selection proces These includproximity to buildings and other infrastructurgeologic
considerationsand proximity to natural gas pipelines or the feasibility of installing new pipelines
(Chesapeake Energy, 2002pws and regulations may also influence site sielec For example,

applicants applying for a Marcellus Shale natural gas permit in Pennsylvania must provide information
about proximity to coal seams and distances from surface waters and water supiABEP201®).

During site preparation, an arési.cleared to provide space to accommodate one or more wellheads;
pits for holding water, used drilling fluids, and other materials; and space for trucks and other
equipment At a typical shale gas production site3-do 5-acre space is needed in additito access
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roads for transporting materials to and from the well siténot already present,dith the site and
access roads nedd be built or improvedo support heavy equipment

3.2 WELLCONSTRUCTION ARDBVELOPMENT

Current practices inriling for natural gas include drillingertical, horizontal, and directiat (Sshaped)
wells. Figure 6 depicts two different well completions, one in a typical deep shalbegaig formation

like the Marcellus Shal@a) and one i shallower environment (6b)ften encountered where coalbed
methane or tight sand gas production takes place. The figures demonstrate a significant difference in
the challenges posed for protecting underground drinking water resources. The deep shale gas
environment shown in Figur@a typically has several thousand feet of rock formation separating
underground drinking water resources, while FiguresBbwsthat gas production can take plaa¢

shallow depths that also contaimdergroundsources ofirinking water. The water well irfFigure 6b
illustrates the relative depths of a gas well and a water well.

Water Chemical Well Flowback and S Wastewater
Acquisition Mixing Injection Produced Water ile Treatment and
o — — Waste Disposal

[~
—
oJo]

Water Use in Hydraulic Fracturing Operations

Hydraulic fracturing often involves Water Acquisition - Large volumes of water are

the injection of more than a million transported for the fracturing process.

gallons of water, chemicals, and sand Chemical Mixing - Equipment mixes water, chemicals,

at high pressure down the well. The and sand at the well site.

depth and length of the well varies Well Injection - The hydraulic fracturing fluid is

depending on the characteristics of pumped-into the well at high injection rates.

the hydrocarbon-bearing formation. Flowback and Produced Water - Recovered water

The pressurized fluid mixture causes “(Called flowback and produced water)is-stored™

~ the formation to crack, allowing on-site in open pits or storage tanks.

natural gas or oil to flow up the well. Wastewater Treatment and Waste Disposal - The
wastewater is then transported for treatment and/or
disposal.

= 7,000 feet

Hydrocarbon-bearing et ; (InducedFractures
Formation

FIGURBa. ILLUSTRATIOCBDIFA HORIZONTAL WELICSHNG THE WATER IGFELE IN HYDRAULIC
FRACTURING

Figureba depicts a horizontal well, whide composed of both vertical and horizontal legs. The depth

and length of the well varies with the location and properties of thegagaining formation. In

unconventional cases, the well cartendmore than a mile below the ground surface (Chesapeak

9y SNHEZ Hnmn0 ¢KAETS (KS & 22%des o thé verficalkeg (MdbhcRel G I £ f
al., 2010).Horizontal drilling provides more exposure to a formation than a vertical well does;
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therefore, it increases recovery of natural
gas ad makes drilling more economical
It may also have the advantage of limiting
environmental disturbances on the

= - surface because fewer wells are needed
. = —— to access the natural gas resources in a
—r — particular area (GWPC and ALL

- . l <l : - | Consulting, 2009)

Gas Well Water Well

Well

gas
Sand flows from
keeps fractures

B into well - e — The technige of multilateral drilling is
e ' : becoming more prevalent in gas
productionin the Marcellus Shale region
- (Kargbo et al., 201@nd elsewhere.In
-‘ Drinking Water Resources multilateral drilling, two or more
horizontal production holes are drilled
from a singlesurface location (Rusak
2007)to create an arrangement
resembling an upsiddown tree, with the
BSNIAOFE LIRNIA2Y 2F GKS

' Gas and Water Resources

Mostly Gas Resources

fractured by fluids injected with

D e jlt and multipledbranches extendingout
St from it in different directions and at

Induced

Fractures different depths

The targeted formation is ; ‘
i
|

Inallwells, casing and cement are
installed to contain the comints of the
well in an effort toprevent

contamination of the surrounding
subsurface formations, especially USDWWhe high injection pressures associated with the hydraulic
fracturing process, and the increased potential fouifey contamination due to the close proximity of
the aquiferto the well make cementing and casing activities a crucial step in protecting gnoatet.
The process of constructing a well is described in greater detail later in the study plan.

FIGUREIS ILLUSTRAON OF A VERTICAEML WHERE
HYDRAULIC FRACTURONEZURS NEAR AN UNGERUND
SOURCE OF DRINKINGTER

3.3 HYDRAULIERACTURING

After the well is constructed and perforated, the targeted formation (shale, coaltreihht sands) is
hydraulically fractured to stimulate natural gas production. As shown in Figure 6a, the hydraulic
fracturing process requires large volusef water that must be transported to the well site. Once on

site, the water is mixed with chemicals and a propping agent (called a proppant) such as sand, bauxite
or ceramic beads. The resulting hydraulic fracturing fluid is pumped down the well ligter

pressures, causing the targeted formation to fracture. As the injection pressure is reduced, the fluid is
returned to the surface, leaving the proppant behind to keep the fractures open. The inset in Figure 6b
illustrates how the resulting fractusecreate pathways in otherwise impermeable -gastaining

formations, resulting in gas flow to the well for productioA.portion of theinjected fracturing fluid

12
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(water,chemical additives, and proppgnes well as naturally occurring substances relddsam the
targeted formation,sthenreturned to the surface as flowbaekd produced water. These
wastewaters are stored ositein tanks or pitdefore being transported fatreatment, disposalland
application,and/or discharge

3.4 WELLPRODUCTION

Natural gas production rates can vary between basins as well as within a basin, depending on geologic
factors and completion techniques. For example, the average well production rates for coalbed

methane formations range from 50 to 500 thousand cubic feetdaey (mcf/d) across thenited Sates

with maximum production rates reaching 20 million cubic feet per day (mmcf/d) in the San Juan basin
and 1 mmcf/d in the Raton Basin (Rogers et al., 2007). The New York State Draft Supplemental Generic
Environmentalmpact Statement (NYS dSGEIS) for the Marcellus Shale cites industry estimates that a
typical well will initially produce 2.8 mmcf/dhe production rate willdecrease to 550 mcf/d after 5

years and 225 mcf/d after 10 yeaedter which it will dropapproXxmately 3 percent a yealNYYSDEC

2009). A study of actual production rates in the Barngtiale foundthat the average well produces

about800 mncf during its lifetime, which averagabout7.5 years (Berman, 2009).

Refracturing is possible onca ail or gaswell begins to approach the point where it is no longest
effectively producing hydrocarbongZoback et al. (2010) maintain that shale gas wells are rarely
refractured. Berman (2009)however claims that wells may be refractureshce they areno longer
profitable. The NYBS@&IS estimates that wells may be refractured aftarghlyfive years of service
(NYSDEQ009)

3.5 REGULATORRRAMEWORK

Hydraulicfracturing for oil and gas production wells is typically addressesfatg oil and gas boardsr
equivalentstate natural resource agenciesHoweverEPA retains authority to address many issues
related to hydraulic fracturing under its environmental statutes. The major statutes intiedélean

Air Act the Resource Conservatiamd Recovery ét; the Clean Water Acthe Safe Drinking Water Act

the Comprehensive Eneinmental Response, Compensatiamd Liability Agtthe Toxic Substances
Control Actand the NationaEnvironmental Policy Act. EPA does not expect to address the efficacy of
the regulatory framework as part of this investigatioHowever, EPA may a&ss existing state
regulationsm a separate effort.

4 THEHYDRAULIERACTURINW/ATERJUFECYCLE

Figure7 illustrates the key stages of the hydraudracturing water lifecyche from water acquisition to
wastewater treatment and disposaland the potential drinking water issues associated with each stage

13



DRAFT Hydraulic Fracturing Study Plan February 7, 2011
-- Science Advisory Board Review

Water Use in Hydraulic

Fracturing Operations Potential Drinking Water Issues

o Water availability

HbiELE el ishien ¢ Impact of vater withdrawal on water quality

¢ Releasdo surface and ground water

Chemical Mixing (e.g., onsite spills and/or leaks)
e Chemical transportation accidents

e Accidental release to ground water (e.g., well malfunction)
e Fracturing fluid migration into drinking water aquifers
e Formation fluid displacement into aquifers
e Mobilization of subsurface formatiomaterialsinto aquifers

Well Injection

v

Flowbackand
Produced Water

v

Wastewater Treatment
andWaste Disposal

¢ Releasdo surface and ground water
¢ Leakage from osite storage into drinking water resources
e Improper pitconstruction,maintenanceandor closure

e Surface and/or subsurface discharge into surface and ground wa
e Incomplete treatment of wastewater and solid residuals
e Wastewater transportation accidents

FIGURE. WATER 8E IN HYDRAULIC FRBRING OPERATIONS
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Summarized below are the fundamental research questions EPA has identified for eaabf stege
hydraulic fracturing water lifecycle

e Wateracquisition Howmightlarge volume water withdrawals from ground and surface water
impact drinking water resources?

e Chemicamixing What are the possible impacts dleases of hydraulic fracturirftpidson
drinking water resources?

e Wellinjection What are the possible impacts of the injection and fracturing process on drinking
water resources?

¢ Flowback angroduced water What are the possible impacts mfleases of flowback and
produced wateron drinking water resources?

e Wastewatertreatmentandwaste disposalWhat are the possible impacts of inadequate
treatment of hydraulic fracturing wastewaters on drinking water resoupces

The next chapter outlines the research approach and activitiesatealanswer these questions.

5 APPROACH

The highly complex nature of the problems to be studied will require a broad range of scientific
expertise in environmental and petroleum engineering, growader hydrology, fate and transport
modeling, and toxicolog as well as many otheareas. EPA will need to take transdisciplinary research
approach thaintegratesvarious types of expertise from inside and outside Ei®A

Case studieandgeneralized scenario evaluatiopgvide organizing constructs for tmesearch that

will be used to address the key questions associated with each difvhevater cycle stages of hydraulic
fracturing Tablel shows he objectives for thecase studiesboth retrospective and progetive,and

the scenario evaluatiosr Each of these approacheshsiefly describedelow.

TABLHE. RELATIONSHIP BEHEM CASE STUDIES SSENARIO EVALUATIONS
Activity Objectives
Casestudies
Retrospective | Perform a forensianalysis of sites with reported contamination to understand t
underlying mechanisms argbtentialimpacts on drinking water resources
Prospective Develop understanding of hydraulic fracturing processes and their potential
impacts on drinking water resirces
Scenaricevaluation Assess th@otential for hydraulic fracturing to impact drinking water resources
based on knowledge developed

5.1 CASESTUDIES

Case studies are widely usedconductin-depth investigations of complex topics and preval
systemaic framework for investigating theelationship amongelevant factors Inconjunction with
other elements of the research progracgse studiesan helpto determine whether drinking water
resources are impacted by hydraulic fracturing, the extent arskitde causes of any impacts, amdat
management practices are, or mhg, usedo avoid or mitigate such impactsAdditionally, ase studies
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may provide data and model inputis assesshe fate and transport of fluids and contaminants in
different regians and geologic settings

Retrospective case studiase focused on investigating reported instances of drinking water resource
contamination in areas where hydraulic fracturing events have already occurred. The goal is to
determine whether or not theeported impacts are due to hydraulic fracturing activities. These studies
will use existing data and will include environmental field sampling, modeling, and/or parallel laboratory
investigations.

Prospective case studigwolve $tes wherehydraulic facturing will be implemented after the research

is initiated. These cases allow sampling and chagazation of the site prior to, during, and after
drilling, water extraction, injectiorof the fracturing fluid flowback,and production At each stepri the

process, data will be collectad characterize both th@re- and postfracturingconditions at the site

This progressive data collection will allow EPA to evaluate changes in water availability and quality, as
well as other factors, over time taam a better understanding of the impacts of hydraulic fracturing on
drinking water resources. Prospective case studies can also provide data with which models of hydraulic
fracturing and associated processes, such as fate and transport of chemical swantsytanbe

evaluated and improved.

Retrospective and prospective case studige discussed furthen Chapter7.

5.2 SCENARI&VALUATION

The objective of this approadto explorerealistic,hypothetical scenarioacross the hydraulic
fracturing water ifecyclethat mayresult in adverse impacts to drinking water resources based on
current understanding and available datéhe scenarios will include a reference cas@lving typical
managemengandengineering practices in representative geologic seginrypical management and
engineering practices will be based on what EPA learns from case studies as well as the minimum
requirements imposed by state regulatory agenciPstential modes of failure, both in terms of
engineering controls and geologibaracteristicswill be introduced and modeled to represent various
states of system vulnerabilityThe scenari@valuationswill produceinsights into sitespecific and
regional vulnerabilities

The proposed applicati@of scenaricevaluationwill be described in detail for eacstage of the
hydraulic fracturingvater lifecyclein the next chapter.

5.3 TooLs

Various combinations of the following four general tools or activities will be used to conduct the case
studies and scenario evaluations:

Existingdata evaluation Various existinglata support the proposetydraulic fracturing research

study, includingnapped datasurface watedischarge data, chemical data, and site datdese data

are available from a variety of sources, such as state regulag®gcies, federal agencies, industry, and
public sources. To support this study, ERRaA8specifically requested data from nine hydraulic fracturing
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service companies. As detailedAippendix C, EPA asked for data on the chemical composition of fluids
used in the fracturing process, the health and environmental impacts of the chemicals, standard
operating procedures, and locations where fracturing baen conducted or is planned. The hydraulic
fracturing service companies have claimed this data to didential business information.

Fieldmonitoring. EPA will collect field samples during both retrospective and prospective case studies
to look for the migration of chemical and gas contaminants into drinking water resources as a result of
hydraulic fraturing activities.Directstudiesof field sitescanalsoassesshe behavior of chemicals in

the environmentby characterizing the flow and transport of chemicals through heterogeneous media
on a scale that is not represented in the laboratory

Laboratay-scaleexperimentatioanalysis Laboratory studiesvill be necessary to develop and refine
analytical methods needed to analyze samples collected during field monitoring acti¥tidsydraulic
fracturingrelatedchemicals without extensive studgforatory experimentationmay be neededio
determine the pocesses that control the transport and ultimate fate of the chemidatduding
sorption and biodegradation.

Modeling Modeling is a tool for integrating diverse phenomena to enhance understgrafin
environmental exposur® When sufficiently tested, modetsan alsallow alternate hypothesis testing,
which can help to determine the plausibility of contamination of drinking water resources due to
hydraulic fracturing activities. Models may alsmable to identify the factors that are the most
important in understanding hydraulic fracturing impacts on drinking water resources.

6 PROPOSEBESEARCH

This chapter is organized by the hydraulic fracturing water lifeclegécted inFigure7 and the
associated fundamental research questions outline@limpter 4.Each section of this chapter provides
relevant background information camwater cycle stageas well as identifying a series of more specific
guestians that need to be researchéd orderto answerone ofthese fundamental questionsThese
secondary research questions are listed in TablBr@dposedesearch activities and potential research
outcomes are outlined at the end of the discussion of estelge of the water lifecycle

17



DRAFT Hydraulic Fracturing Study Plan
-- Science Advisory Board Review

TABLE. HYDRAULIC FRACTNMRRESEARCH QUESHO

February 7, 2011

Water Lifecycle Stage

Fundamental Research Questiol

Secondary Research Questions

Wateracquisition

Howmightlarge volume water
withdrawals from gound and
surface water impact drinking
water resources?

o What are the impacts on water availability?
e What are the impacts on water quality?

Chemicamixing

What are the possible impacts o
accidental releases of hydraulic
fracturing fluidson drinking

water resources?

e What is the composition of hydraulic
fracturing fluids and what are the toxic effec
of these constituents?

e What factors may influence the likelihood of
contamination of drinking water resources?

* How effective are mitigation approaches in
reducing impacts to drinking water
resources?

Wellinjection

What are the possible impacts o]
the injection and fracturing
process on drinking water
resources?

o How effective are well construction practice
at containing gases and fluids before, during
and after fracturing?

¢ What are the potential impacts of prexisting
artificial or natural pathways/features on
contaminant transport?

¢ What chemical/physical/biologicarocesses
could impact the fate and transport of
substances in the subsurface?

e What are he toxic effects of naturally
occurring substances?

Flowback angbroduced
water

What are the possible impacts o]
accidental releases of flowback
and produced wateon drinking
water resources?

¢ What is the composition and variability of
flowback and prodoed water and what are
the toxic effects of these constituents?

¢ What factors may influence the likelihood of
contamination of drinking water resources?

o How effective are mitigation approaches in
reducing impacts to drinking water
resources?

Wastewatertreatment
andwastedisposal

What are the possible impacts o]
inadequate treatment of
hydraulic fracturing wastewaters
on drinking water resources?

o How effective are treatment and disposal
methods?

Asummary othe research outlined in this chaptean befound inAppendix A
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