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

human health impacts of hydraulic fracturing in the United States.  Hydraulic fracturing, which involves 

the pressurized injection of water, chemical additives, and proppants into a geologic formation, induces 

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

or oil that can be recovered from coalbeds, shales, and tight sandsτthe so-ŎŀƭƭŜŘ άǳƴŎƻƴǾŜƴǘƛƻƴŀƭέ 

reservoirs.  Many concerns about hydraulic fracturing center on potential risks to drinking water 

resources, although other issues have been raised.  In response to public concern, Congress directed the 

United States Environmental Protection Agency (EPA) to conduct research to examine the relationship 

between hydraulic fracturing and drinking water resources.  This document presents the plan for the 

EPA study. 

The overall purpose of this study is to understand the relationship between hydraulic fracturing and 

drinking water resources.  More specifically, the study is designed to examine the conditions that may 

be associated with the potential contamination of drinking water resources, and to identify the factors 

that may lead to human exposure and risks.  The scope of the proposed research includes the full 

lifecycle of water in hydraulic fracturing, from water acquisition through the mixing of chemicals and 

actual fracturing to the post-fracturing stage, including the management of flowback and produced 

water and its ultimate treatment and/or disposal.  Figure 1 illustrates the hydraulic fracturing water 

lifecycle and the key research questions EPA will address through this study. 

The research identified in this study plan has been designed to answer the questions listed in Figure 1 

and will require a broad range of expertise, including petroleum engineering, fate and transport 

modeling, ground water hydrology, and toxicology.  EPA will use case studies and generalized scenario 

evaluations as organizing constructs for the research identified in this plan.   

Retrospective case studies will focus on investigating reported instances of drinking water resource 

contamination or other impacts in areas where hydraulic fracturing has already occurred.  EPA will 

conduct retrospective case studies at three to five sites across the United States.  The sites will be 

illustrative of the types of problems that have been reported to EPA during stakeholder meetings, and 

will provide EPA with information regarding key factors that may be associated with drinking water 

contamination.  These studies will use existing data and possibly field sampling, modeling, and/or 

parallel laboratory investigations to determine the potential relationship between reported impacts and 

hydraulic fracturing activities. 

Prospective case studies will involve sites where hydraulic fracturing will occur after the research is 

initiated.  These case studies allow sampling and characterization of the site before, during, and after 

water extraction, drilling, hydraulic fracturing fluid injection, flowback, and gas production.  EPA will 

work with industry and other stakeholders to conduct two to three prospective case studies in different 

regions of the United States.  The data collected during prospective case studies will allow EPA to gain 

an understanding of hydraulic fracturing practices, evaluate changes in water quality over time, and 

assess the fate and transport of potential chemical contaminants. 
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Generalized scenario evaluations will allow EPA to explore hypothetical scenarios relating to hydraulic 

fracturing activities, and to identify scenarios under which hydraulic fracturing may adversely impact 

drinking water resources based on current understanding and available data. 

To better understand potential human health effects, EPA plans to summarize the available data on the 

toxicity of chemicals used in or released by hydraulic fracturing, and to identify and prioritize data gaps 

for further investigation.  The substances to be investigated include chemicals used in hydraulic 

fracturing fluids, their degradates and/or reaction products, and naturally occurring substances that may 

be released or mobilized as a result of hydraulic fracturing.   

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

lifecycle shown in Figure 1 and are summarized in Appendix A (p. 70).  EPA is working with other federal 

agencies to collaborate 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 study as the 

study plan is finalized.  These projects will be conducted through EP!Ωǎ {ŎƛŜƴŎŜ ¢ƻ !ŎƘƛŜǾŜ wŜǎǳƭǘǎ 

(STAR) program.   

All research activities associated with tƘƛǎ ǎǘǳŘȅ ǿƛƭƭ ōŜ ŎƻƴŘǳŎǘŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ 9t!Ωǎ Quality 

Assurance Program for environmental data.  EPA will provide periodic updates on the progress of 

various projects as the research is being conducted.  The results of individual research projects will be 

made available after undergoing a quality assurance review.  Early results may indicate the need for EPA 

to conduct further investigations to identify the key factors that may impact drinking water resources.  It 

is expected that a report of interim research results will be completed in 2012.  This interim report will 

contain a synthesis of 9t!Ωǎ research to date and will include results from retrospective case studies and 

initial results from scenario evaluations.  However, certain portions of the work described here, 

including prospective case studies and work performed under STAR grants, are long-term projects that 

are not likely to be finished at that time.  Additional reports of study findings will be published as these 

long-term projects progress, with a follow-up report on the study in 2014.   

EPA recognizes that there are important potential research areas related to hydraulic fracturing other 

than those involving drinking water resources, including effects on air quality, aquatic and terrestrial 

ecosystem impacts, seismic risks, public safety concerns, occupational risks, and economic impacts.  

These topics are outside the scope of the current study, but should be examined in the future. 

¢Ƙƛǎ ŘǊŀŦǘ ǎǘǳŘȅ Ǉƭŀƴ ǿƛƭƭ ōŜ ǎǳōƳƛǘǘŜŘ ǘƻ 9t!Ωǎ {ŎƛŜƴŎŜ !ŘǾƛǎƻǊȅ .ƻŀǊŘ ό{!.ύ for review before being 

finalized.  Consistent with the operating procedures of the SAB, stakeholders and the public will have an 

opportunity to provide comments for the SAB to take into account during the review.  
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FIGURE 1.  FUNDAMENTAL RESEARCH QUESTIONS POSED FOR EACH STAGE OF THE HYDRAULIC FRACTURING WATER LIFECYCLE 
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1 INTRODUCTION AND PURPOSE OF STUDY 
IȅŘǊŀǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎ ƛǎ ŀƴ ƛƳǇƻǊǘŀƴǘ ƳŜŀƴǎ ƻŦ ŀŎŎŜǎǎƛƴƎ ƻƴŜ ƻŦ ǘƘŜ ƴŀǘƛƻƴΩǎ Ƴƻǎǘ Ǿƛǘŀƭ ŜƴŜǊƎȅ ǊŜǎƻǳǊŎŜǎΣ 

natural gas.  Advances in technology, along with economic and energy policy developments, have 

spurred a dramatic growth in the use of hydraulic fracturing across a wide range of geographic regions 

and geologic formations in the United States.  As the use of hydraulic fracturing has increased, so have 

concerns about its potential impact on human health and the environment, especially with regard to 

possible effects on drinking water resources.  These concerns have intensified as hydraulic fracturing has 

spread from the South and West to other settings, such as the Marcellus Shale, which extends from the 

southern tier of New York through parts of Pennsylvania, West Virginia, eastern Ohio, and western 

Maryland. 

In Fiscal Year 2010, the U.S. /ƻƴƎǊŜǎǎΩ Appropriation Conference Committee directed EPA to 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 approach that relies on the best 

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

the study to be conducted through a transparent, peer-reviewed process that will ensure 

the validity and accuracy of the data.  The Agency shall consult with other Federal 

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

ǘƘŜ ǎǘǳŘȅΣ ǿƘƛŎƘ ǎƘƻǳƭŘ ōŜ ǇǊŜǇŀǊŜŘ ƛƴ ŀŎŎƻǊŘŀƴŎŜ ǿƛǘƘ ǘƘŜ !ƎŜƴŎȅΩǎ ǉǳŀƭƛǘȅ ŀǎǎǳǊŀƴŎŜ 

principles. 

This document presents a draft Ǉƭŀƴ ŦƻǊ 9t!Ωs research on hydraulic fracturing and drinking water 

resources and responds to both the request of Congress and concerns expressed by the public.  For this 

ǎǘǳŘȅΣ 9t! ŘŜŦƛƴŜǎ άŘǊƛƴƪƛƴƎ ǿŀǘŜǊ ǊŜǎƻǳǊŎŜǎέ ǘƻ ōŜ ŀƴȅ ōƻŘȅ ƻŦ ǿŀǘŜǊΣ ƎǊƻǳƴŘ ƻǊ ǎǳǊŦŀŎŜΣ that could 

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 supplies.  This includes both underground sources of 

drinking water (USDWs) and surface waters.  

The overarching goal of this research is to answer the following questions: 

 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 activities? 

To answer these questions, EPA has identified a set of proposed research activities associated with each 

stage of the hydraulic fracturing water lifecycle, from water acquisition through the mixing of chemicals 

and actual fracturing to post-fracturing production, including the management of flowback and 

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

sources and pathways of exposure and will provide information about the toxicity of contaminants of 

concern.  This information can then be used to assess the potential risks to drinking water resources 
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from hydraulic fracturing activities.  Ultimately, the results of this study will provide policymakers at all 

levels with sound scientific knowledge that can be used in decision-making processes.   

The study plan is organized as follows: 

 Chapter 2 details the process for developing the study plan and the criteria for prioritizing the 

proposed research. 

 Chapter 3 provides a brief overview of the natural gas production process. 

 Chapter 4 outlines the hydraulic fracturing water lifecycle and the research questions associated 

with each stage of the lifecycle. 

 Chapter 5 briefly describes the research approach. 

 Chapter 6 provides background information on each stage of the hydraulic fracturing water 

lifecycle, and proposes research specific to each stage. 

 /ƘŀǇǘŜǊ т ǎǳƳƳŀǊƛȊŜǎ 9t!Ωǎ ŎŀǎŜ ǎǘǳŘȅ ŀǇǇǊƻŀŎƘΣ ǿƘƛŎƘ ƛǎ ŀ ŎŜƴǘǊŀƭ ŎƻƳǇƻƴŜƴǘ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ 

plan.  

 Chapter 8 describes proposed studies to characterize the toxicity and potential human health 

effects of substances associated with hydraulic fracturing. 

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

justice. 

 Chapter 10 provides a short summary of how the proposed studies will address the research 

questions posed for each stage of the water lifecycle. 

 Chapter 11 identifies additional areas of concern relating to hydraulic fracturing that are outside 

the scope of this study plan. 

2 PROCESS FOR STUDY PLAN DEVELOPMENT 

2.1 INITIAL SCIENCE ADVISORY BOARD REVIEW OF THE STUDY PLAN SCOPE 

Lƴ ŜŀǊƭȅ CƛǎŎŀƭ ¸ŜŀǊ нлмлΣ 9t!Ωǎ hŦŦƛŎŜ ƻŦ wŜǎŜŀǊŎƘ ŀƴŘ 5ŜǾŜƭƻǇƳŜƴǘ όhw5ύ ŘŜǾŜƭƻǇŜŘ ŀ ŘƻŎǳƳŜƴǘ ǘƘŀǘ 

presented a proposed scope and initial design of the study (USEPA, 2010a).  The document was 

submƛǘǘŜŘ ǘƻ ǘƘŜ 9t! {ŎƛŜƴŎŜ !ŘǾƛǎƻǊȅ .ƻŀǊŘΩǎ (SABΩǎ) Environmental Engineering Committee for review 

in March 2010.  The SAB is a public advisory committee that provides a balanced, expert assessment of 

scientific matters relevant to EPA.  In its response to EPA in June 2010 (USEPA, 2010c), the SAB 

recommended that (1) initial research be focused on potential impacts to drinking water resources with 

later research investigating more general impacts on water resources, (2) engagement with stakeholders 

occur throughout the research process, and (3) 5 to 10 in-ŘŜǇǘƘ ŎŀǎŜ ǎǘǳŘƛŜǎ ŀǘ άƭƻŎŀǘƛƻƴǎ ǎŜƭŜŎǘŜŘ ǘƻ 

ǊŜǇǊŜǎŜƴǘ ǘƘŜ Ŧǳƭƭ ǊŀƴƎŜ ƻŦ ǊŜƎƛƻƴŀƭ ǾŀǊƛŀōƛƭƛǘȅ ƻŦ ƘȅŘǊŀǳƭƛŎ ŦǊŀŎǘǳǊƛƴƎ ŀŎǊƻǎǎ ǘƘŜ ƴŀǘƛƻƴέ ōŜ ǇŀǊǘ ƻŦ ǘƘŜ 

research plan. 

The SAB cautioned EPA against studying all aspects of oil and gas production, stating that the study 

ǎƘƻǳƭŘ άŜƳǇƘŀǎƛȊŜ ƘǳƳŀƴ ƘŜŀƭǘƘ ŀƴŘ ŜƴǾƛǊƻƴƳŜƴǘŀƭ ŎƻƴŎŜǊƴǎ ǎǇŜŎƛŦƛŎ ǘƻΣ ƻǊ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ƛƴŦƭǳŜƴŎŜŘ ōȅΣ 

hydraulic fracturing rather than on concerns common to all oil and gas production activities.έ  ¢Ƙƛǎ 
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research plan, therefore, focuses on features of oil and gas production that are particular toτor closely 

associated withτhydraulic fracturing, and their impacts on drinking water resources.   

2.2 STAKEHOLDER INPUT 

Stakeholder input has played, and will continue to play, an important role in the development of the 

hydraulic fracturing study plan and the research it will involve.  EPA has implemented a strategy that 

engages stakeholders in dialogue and provides opportunities for input on the study scope and case 

study locations.  The strategy also provides a means for exchanging information with experts on 

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

EPA has engaged stakeholders in the following ways:  

Federal, state, and tribal partner consultations.  Webinars were held with state partners in May 2010, 

with federal partners in June 2010, and with Indian tribes in August 2010.  The state webinar included 

representatives from 21 states as well as representatives 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 Commission (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 Service, the U.S. Department of Energy (DOE), the U.S. 

Army Corps of Engineers (USACE), the National Park Service (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 was to discuss the study scope, data 

gaps, opportunities for sharing data and conducting joint studies, and current policies and practices for 

protecting drinking water resources.   

Sector-specific meetings.  Separate webinars were held in June 2010 with representatives from industry 

and non-governmental organizations (NGOs) to discuss the public engagement process, the scope of the 

study, coordination of data sharing, and other key issues.  Overall, 176 people representing various 

natural gas production and service companies and industry associations participated in the webinars, as 

well as 64 people representing NGOs.  

Informational public meetings.  Public information meetings were held between July and September, 

2010, in Fort Worth, Texas; Denver, Colorado; Canonsburg, Pennsylvania; and Binghamton, New York.  

At these meetings, EPA presented information on its reasons for studying hydraulic fracturing, an 

overview of what the study might include, and how stakeholders can be involved.  Opportunities to 

present oral or written comments were provided, and EPA specifically asked for input on the following 

questions: 

 What should be 9t!Ωǎ highest priorities? 

 Where are the gaps in current knowledge? 

 Are there data and information EPA should know about? 
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 Where do you recommend EPA conduct case studies? 

Total attendance for all of the information public meetings exceeded 3,500 and more than 700 verbal 

comments were heard.   

Summaries of all of the stakeholder meetings can be found at http://water.epa.gov/type/groundwater/ 

uic/class2/hydraulicfracturing/wells_hydroout.cfm. 

Other opportunities to comment.  In addition 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 RESEARCH PRIORITIZATION 

In developing this proposed study plan, EPA considered the results of a review of the literature,1 

comments received from stakeholders, and input from meetings with interested parties, including other 

federal agencies, Indian tribes, state agencies, industry, and NGOs.  EPA also considered 

recommendations from the initial SAB review of the study plan scope (USEPA, 2010c). 

Based on stakeholder input and the expected growth in shale gas development, this study plan 

emphasizes hydraulic fracturing in shale 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 identified fundamental 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 resources.  Following guidance from the SAB, EPA used a risk-based prioritization 

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: 

 Relevance:  Only work that may directly inform an assessment of the potential impacts of 

hydraulic fracturing on drinking water resources was considered.   

 Precedence:  Work that needs to be completed before other work can be initiated received a 

higher priority. 

 Uniqueness of the contribution:  Relevant work already underway by others received a lower 

priority for investment by EPA. 

 Leverage:  Relevant work that EPA could leverage with co-investigators received a higher 

priority. 

Application of the criteria listed above ensures that resources are provided for the areas that potentially 

pose the greatest risk to drinking water resources.  

                                                                 
1
 The literature review includes information from more than 120 articles, reports, presentations, and other 

materials.  Information resulting from this literature review is incorporated throughout this study plan. 
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2.4 NEXT STEPS 

The next steps in the development and implementation of the study plan are: 

 The draft study plan will be sent to the SAB for peer review and made available 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 to comments from the SAB, and will adjust the study plan 

as appropriate.   

 EPA will conduct the research described in this plan, and plans to announce requests for 

applications for extramural research projects in the early part of 2011 for research that is 

related to this study.  Additionally, it is likely that other federal agencies will cooperate with EPA 

on some aspects of the research. 

 The research projects will begin in the early part of 2011 after EPA receives and responds to 

comments from the SAB. 

 Periodic updates will be provided on the progress of the research projects. 

 A study report providing interim research results is expected to be completed in 2012 and will 

be made available to the public. 

 Additional study results will be published as individual research projects are completed, with an 

additional report expected to be published in 2014. 

2.5 INTERAGENCY COOPERATION 

In a series of meetings, EPA consulted with several key state and federal agencies regarding research 

related to hydraulic fracturing.  EPA met with representatives from DOE and DOE's National Energy 

Technology Laboratory (NETL), USGS, USACE, and IOGCC to learn about research that those agencies are 

involved in and to identify opportunities for collaboration and leverage.  EPA also participated 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 inform its own study.  EPA continues to discuss 

opportunities to collaborate on information gathering and research efforts with other agencies.  In 

particular, the Agency plans to coordinate with DOE and USGS on existing and future research projects.  

RŜƎǳƭŀǊ ƳŜŜǘƛƴƎǎ ōŜǘǿŜŜƴ 9t! ŀƴŘ 5h9 ǿƛƭƭ ōŜ ǎŜǘ ǳǇ ǘƻ Ŧƻƭƭƻǿ ŜŀŎƘ ŀƎŜƴŎȅΩǎ ǊŜǎŜŀǊŎƘ ƻƴ ƘȅŘǊaulic 

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 Toxic Substances and Disease 

Registry, DOE, the Bureau of Land Management, USGS, the U.S. Fish and Wildlife Service, the Office of 

Management and Budget, the U.S. Energy Information Administration (EIA), the Occupational Safety and 

Health Administration, and the National Institute of Occupational Health and Safety.  These comments 

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

All EPA-funded research projects, both intramural and extramural, that generate or use environmental 

data to make conclusions or recommendations must comply with Agency Quality Assurance (QA) 

Program requirements (USEPA, 2002b).  EPA recognizes the value of using a graded approach to QA such 

that QA requirements are based on the importance of the work to which the QA program applies.  Given 

the significant national interest in the results of hydraulic fracturing related research, the following 

rigorous QA approach will be used: 

 Research projects must comply with Agency requirements and guidance for quality assurance 

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. 

 Performance evaluations of measurement systems will be conducted (if available). 

 QA review of products2 will occur. 

 Reports must have a readily identifiable QA section. 

 wŜǎŜŀǊŎƘ ǊŜŎƻǊŘǎ ǿƛƭƭ ōŜ ƳŀƴŀƎŜŘ ŀŎŎƻǊŘƛƴƎ ǘƻ 9t!Ωǎ ǊŜŎƻǊŘ ǎŎƘŜŘǳƭŜ ŦƻǊ Applied and Directed 

Scientific Research. 

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 

cross-organizational nature of the proposed research, it is necessary to identify a Program Quality 

Assurance Manager who will coordinate the rigorous QA approach described above and oversee its 

implementation across all participating organizations.  Typically, this person is associated with the 

organization that has the technical lead for the research program.  The organizational complexity of the 

hydraulic fracturing research effort also demands that a quality management plan be written to define 

the QA-related policies, procedures, roles, responsibilities, and authorities for this research.  The plan 

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

3 OVERVIEW OF UNCONVENTIONAL NATURAL GAS PRODUCTION 
Hydraulic fracturing is often used to stimulate the production of oil and gas from unconventional oil and 

gas deposits, which include shales, coalbeds, and tight sands.3  Unconventional 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, 2008).  Similarly, hydraulic fracturing 

can make oil production from shale cost-effective.   

                                                                 
2
 Applicable products may include reports, journal articles, symposium/conference papers, extended abstracts, 

computer products/software/models/databases, and scientific data. 
3
 The use of hydraulic fracturing 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 wells more productive, and to complete water wells (Nemat-
Nassar et al., 1983; New Hampshire Department of Environmental Services, 2010). 
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FIGURE 2.  NATURAL GAS PRODUCTION IN THE UNITED STATES (DATA FROM USEIA, 2010) 

Unconventional natural gas development has become an increasingly important source of natural gas in 

the United States in recent years.  It accounted for 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 fracturing activities is 

also reflected in the number of drilling rigs operating in the United States; there were 603 horizontal gas 

rigs in June 2010, up 277 from the previous year (Baker Hughes, 2010).  Most of these were involved in 

gas extraction via hydraulic fracturing. 
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FIGURE 3.  SHALE GAS PLAYS IN THE CONTIGUOUS UNITED STATES 

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

United States, and can be found in many locations across the country as shown in Figure 3.  Depths for 

ǎƘŀƭŜ Ǝŀǎ ŦƻǊƳŀǘƛƻƴǎ όŎƻƳƳƻƴƭȅ ǊŜŦŜǊǊƛƴƎ ǘƻ ŀǎ άǇƭŀȅǎέύ Ŏŀƴ ǊŀƴƎŜ ŦǊƻƳ рлл ǘƻ моΣрлл ŦŜŜǘ ōŜƭƻǿ ǘƘŜ 

ŜŀǊǘƘΩǎ ǎǳǊŦŀŎŜ όD²t/ ŀƴŘ ![[ /ƻƴǎǳƭǘƛƴƎΣ нллфύΦ  At the end of 2009, the five most productive shale gas 

fields in the countryτthe Barnett, Haynesville, Fayetteville, Woodford, and Marcellus Shalesτwere 

producing 8.3 billion cubic feet of natural gas per day (Zoback et al., 2010).  According to recent figures 

from EIA, shale gas constituted 14 percent of the total U.S. natural gas supply in 2009, and will 

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

Oil production has similarly increased in oil-bearing shales following the increased use of hydraulic 

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 (USEIA, 2010; OilShaleGas.com, 2010).   
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FIGURE 4.  COALBED METHANE DEPOSITS IN THE CONTIGUOUS UNITED STATES  

Production of coalbed methane.  Coalbed methane is formed as part of the geological process of coal 

generation and is contained in varying quantities within all coal.  Depths of coalbed methane formations 

range from 450 feet to greater than 10,000 feet (Rogers et al., 2007; National Research Council, 2010).  

At greater depths, however, the permeability decreases and production is lower.  Below 7,000 feet, 

efficient production of coalbed methane can be challenging from a cost-effectiveness perspective 

(Rogers et al., 2007).  Figure displays coalbed methane reservoirs in the contiguous United States.  In 

1984, there were very few coalbed methane wells in the United States; by 1990, there were almost 

8,000, and in 2000, there were almost 14,000 (USEPA, 2004).  In 2009, natural gas production from 

coalbed methane reservoirs made up 8 percent of the total U.S. natural gas production; this percentage 

would remain relatively constant over the next 20 years if current trends and policies persist (USEIA, 

2010).  Production of gas from coalbeds almost always requires hydraulic fracturing (USEPA, 2004), and 

many existing coalbed methane wells that have not been fractured are now being considered for 

hydraulic fracturing. 
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FIGURE 5.  MAJOR TIGHT GAS PLAYS IN THE CONTIGUOUS UNITED STATES  

Tight sands.  Tight sands (gas-bearing, fine-grained sandstones or carbonates with a low permeability) 

accounted for 28 percent of total gas production in the United States in 2009 (USEIA, 2010), but may 

account for as much as 35 percent of the nŀǘƛƻƴΩǎ ǊŜŎƻǾŜǊŀōƭŜ Ǝŀǎ ǊŜǎŜǊǾŜǎ όhƛƭ ŀƴŘ Dŀǎ LƴǾŜǎǘƻǊΣ нллрύ.  

Figure 5 shows the locations of tight gas plays in the United States.  Typical depths of tight sand 

formations range from 1,200 to 20,000 feet across the United States (Prouty, 2001).  Almost all tight 

sand reservoirs require hydraulic fracturing to release gas unless 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 Section 3.5.  

3.1 SITE SELECTION AND PREPARATION 

The hydraulic fracturing process begins with exploring possible well sites, followed by selecting and 

preparing an appropriate site.  In general, appropriate sites are those that are considered most likely to 

yield substantial quantities of natural gas at minimum cost.  Other factors, however, may be considered 

in the selection process.  These include proximity to buildings and other infrastructure, geologic 

considerations, and proximity to natural gas pipelines or the feasibility of installing new pipelines 

(Chesapeake Energy, 2009).  Laws and regulations may also influence site selection.  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 supplies (PADEP, 2010a).   

During site preparation, an area is 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 site, a 3- to 5-acre space is needed in addition to access 
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roads for transporting materials to and from the well site.  If not already present, both the site and 

access roads need to be built or improved to support heavy equipment.   

3.2 WELL CONSTRUCTION AND DEVELOPMENT 

Current practices in drilling for natural gas include drilling vertical, horizontal, and directional (S-shaped) 

wells.  Figure 6 depicts two different well completions, one in a typical deep shale gas-bearing formation 

like the Marcellus Shale (6a) and one in a shallower environment (6b) often 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 Figure 6a typically has several thousand feet of rock formation separating 

underground drinking water resources, while Figure 6b shows that gas production can take place at 

shallow depths that also contain underground sources of drinking water.  The water well in Figure 6b 

illustrates the relative depths of a gas well and a water well.  

 
FIGURE 6a.  ILLUSTRATION OF A HORIZONTAL WELL SHOWING THE WATER LIFECYCLE IN HYDRAULIC 

FRACTURING 

Figure 6a depicts a horizontal well, which is composed of both vertical and horizontal legs.  The depth 

and length of the well varies with the location and properties of the gas-containing formation.  In 

unconventional cases, the well can extend more than a mile below the ground surface (Chesapeake 

9ƴŜǊƎȅΣ нлмлύ ǿƘƛƭŜ ǘƘŜ άǘƻŜέ ƻŦ ǘƘŜ ƘƻǊƛȊƻƴǘŀƭ ƭŜƎ Ŏŀƴ ōŜ ŀƭƳƻǎǘ 2 miles from the vertical leg (Zoback et 

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 and 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 

particular area (GWPC and ALL 

Consulting, 2009).   

The technique of multilateral drilling is 

becoming more prevalent in gas 

production in the Marcellus Shale region 

(Kargbo et al., 2010) and elsewhere.  In 

multilateral drilling, two or more 

horizontal production holes are drilled 

from a single surface location (Ruszka, 

2007) to create an arrangement 

resembling an upside-down tree, with the 

ǾŜǊǘƛŎŀƭ ǇƻǊǘƛƻƴ ƻŦ ǘƘŜ ǿŜƭƭ ŀǎ ǘƘŜ άǘǊǳƴƪΣέ 

and multiple άbranchesέ extending out 

from it in different directions and at 

different depths.   

In all wells, casing and cement are 

installed to contain the contents of the 

well in an effort to prevent 

contamination of the surrounding 

subsurface formations, especially USDWs.  The high injection pressures associated with the hydraulic 

fracturing process, and the increased potential for aquifer contamination due to the close proximity of 

the aquifer to the well, make cementing and casing activities a crucial step in protecting ground water.  

The process of constructing a well is described in greater detail later in the study plan. 

3.3 HYDRAULIC FRACTURING 

After the well is constructed and perforated, the targeted formation (shale, coalbed, or tight sands) is 

hydraulically fractured to stimulate natural gas production.  As shown in Figure 6a, the hydraulic 

fracturing process requires large volumes of 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 under high 

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 fractures create pathways in otherwise impermeable gas-containing 

formations, resulting in gas flow to the well for production.  A portion of the injected fracturing fluid 

FIGURE 6b.  ILLUSTRATION OF A VERTICAL WELL WHERE 
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(water, chemical additives, and proppant), as well as naturally occurring substances released from the 

targeted formation, is then returned to the surface as flowback and produced water.  These 

wastewaters are stored on-site in tanks or pits before being transported for treatment, disposal, land 

application, and/or discharge.  

3.4 WELL PRODUCTION 

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 feet per day (mcf/d) across the United States 

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 

Environmental Impact Statement (NYS dSGEIS) for the Marcellus Shale cites industry estimates that a 

typical well will initially produce 2.8 mmcf/d; the production rate will  decrease to 550 mcf/d after 5 

years and 225 mcf/d after 10 years, after which it will drop approximately 3 percent a year (NYSDEC, 

2009).  A study of actual production rates in the Barnett Shale found that the average well produces 

about 800 mmcf during its lifetime, which averages about 7.5 years (Berman, 2009).   

Refracturing is possible once an oil or gas well begins to approach the point where it is no longer cost-

effectively producing hydrocarbons.  Zoback et al. (2010) maintain that shale gas wells are rarely 

refractured.  Berman (2009), however, claims that wells may be refractured once they are no longer 

profitable.  The NYS dSGEIS estimates that wells may be refractured after roughly five years of service 

(NYSDEC, 2009). 

3.5 REGULATORY FRAMEWORK 

Hydraulic fracturing for oil and gas production wells is typically addressed by state oil and gas boards or 

equivalent state natural resource agencies.  However, EPA retains authority to address many issues 

related to hydraulic fracturing under its environmental statutes.  The major statutes include the Clean 

Air Act; the Resource Conservation and Recovery Act; the Clean Water Act; the Safe Drinking Water Act; 

the Comprehensive Environmental Response, Compensation and Liability Act; the Toxic Substances 

Control Act; and the National Environmental Policy Act.  EPA does not expect to address the efficacy of 

the regulatory framework as part of this investigation.  However, EPA may assess existing state 

regulations in a separate effort. 

4 THE HYDRAULIC FRACTURING WATER LIFECYCLE 
Figure 7 illustrates the key stages of the hydraulic fracturing water lifecycleτfrom water acquisition to 

wastewater treatment and disposalτand the potential drinking water issues associated with each stage.   
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FIGURE 7.  WATER USE IN HYDRAULIC FRACTURING OPERATIONS 
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Summarized below are the fundamental research questions EPA has identified for each stage of the 
hydraulic fracturing water lifecycle.  
  

 Water acquisition:  How might large volume water withdrawals from ground and surface water 

impact drinking water resources? 

 Chemical mixing:  What are the possible impacts of releases of hydraulic fracturing fluids on 

drinking water resources? 

 Well injection:  What are the possible impacts of the injection and fracturing process on drinking 

water resources? 

 Flowback and produced water:  What are the possible impacts of releases of flowback and 

produced water on drinking water resources? 

 Wastewater treatment and waste disposal:  What are the possible impacts of inadequate 

treatment of hydraulic fracturing wastewaters on drinking water resources? 

The next chapter outlines the research approach and activities needed to answer 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, ground water hydrology, fate and transport 

modeling, and toxicology, as well as many other areas.  EPA will need to take a transdisciplinary research 

approach that integrates various types of expertise from inside and outside the EPA. 

Case studies and generalized scenario evaluations provide organizing constructs for the research that 

will be used to address the key questions associated with each of the five water cycle stages of hydraulic 

fracturing.  Table 1 shows the objectives for the case studies, both retrospective and prospective, and 

the scenario evaluations.  Each of these approaches is briefly described below.  

TABLE 1.  RELATIONSHIP BETWEEN CASE STUDIES AND SCENARIO EVALUATIONS  

Activity Objectives 

Case studies  
 Retrospective Perform a forensic analysis of sites with reported contamination to understand the 

underlying mechanisms and potential impacts on drinking water resources 

Prospective Develop understanding of hydraulic fracturing processes and their potential 
impacts on drinking water resources 

Scenario evaluation Assess the potential for hydraulic fracturing to impact drinking water resources 
based on knowledge developed 

5.1 CASE STUDIES 

Case studies are widely used to conduct in-depth investigations of complex topics and provide a 

systematic framework for investigating the relationship among relevant factors.  In conjunction with 

other elements of the research program, case studies can help to determine whether drinking water 

resources are impacted by hydraulic fracturing, the extent and possible causes of any impacts, and what 

management practices are, or may be, used to avoid or mitigate such impacts.  Additionally, case studies 
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may provide data and model inputs to assess the fate and transport of fluids and contaminants in 

different regions and geologic settings.   

Retrospective case studies are 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 the reported 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 studies involve sites where hydraulic fracturing will be implemented after the research 

is initiated.  These cases allow sampling and characterization of the site prior to, during, and after 

drilling, water extraction, injection of the fracturing fluid, flowback, and production.  At each step in the 

process, data will be collected to characterize both the pre- and post-fracturing conditions 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 to gain 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 contaminants, can be 

evaluated and improved. 

Retrospective and prospective case studies are discussed further in Chapter 7. 

5.2 SCENARIO EVALUATION 

The objective of this approach is to explore realistic, hypothetical scenarios across the hydraulic 

fracturing water lifecycle that may result in adverse impacts to drinking water resources based on 

current understanding and available data.  The scenarios will include a reference case involving typical 

management and engineering practices in representative geologic settings.  Typical management and 

engineering practices will be based on what EPA learns from case studies as well as the minimum 

requirements imposed by state regulatory agencies.  Potential modes of failure, both in terms of 

engineering controls and geologic characteristics, will be introduced and modeled to represent various 

states of system vulnerability.  The scenario evaluations will produce insights into site-specific and 

regional vulnerabilities.   

The proposed applications of scenario evaluation will be described in detail for each stage of the 

hydraulic fracturing water lifecycle in 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:  

Existing data evaluation.  Various existing data support the proposed hydraulic fracturing research 

study, including mapped data, surface water discharge data, chemical data, and site data.  These data 

are available from a variety of sources, such as state regulatory agencies, federal agencies, industry, and 

public sources.  To support this study, EPA has specifically requested data from nine hydraulic fracturing 
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service companies.  As detailed in Appendix 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 has been conducted or is planned.  The hydraulic 

fracturing service companies have claimed this data to be confidential business information.  

Field monitoring.  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 fracturing activities.  Direct studies of field sites can also assess the behavior of chemicals in 

the environment by characterizing the flow and transport of chemicals through heterogeneous media 

on a scale that is not represented in the laboratory. 

Laboratory-scale experimentation/analysis.  Laboratory studies will be necessary to develop and refine 

analytical methods needed to analyze samples collected during field monitoring activities.  For hydraulic 

fracturing-related chemicals without extensive study, laboratory experimentation may be needed to 

determine the processes that control the transport and ultimate fate of the chemicals, including 

sorption and biodegradation. 

Modeling.  Modeling is a tool for integrating diverse phenomena to enhance understanding of 

environmental exposures.  When sufficiently tested, models can also allow alternate hypothesis testing, 

which can help to determine the plausibility of contamination of drinking water resources due to 

hydraulic fracturing activities.  Models may also be able to identify the factors that are the most 

important in understanding hydraulic fracturing impacts on drinking water resources.   

6 PROPOSED RESEARCH 
This chapter is organized by the hydraulic fracturing water lifecycle depicted in Figure 7 and the 

associated fundamental research questions outlined in Chapter 4.  Each section of this chapter provides 

relevant background information on a water cycle stage, as well as identifying a series of more specific 

questions that need to be researched in order to answer one of these fundamental questions.  These 

secondary research questions are listed in Table 2.  Proposed research activities and potential research 

outcomes are outlined at the end of the discussion of each stage of the water lifecycle.   
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TABLE 2.  HYDRAULIC FRACTURING RESEARCH QUESTIONS  

Water Lifecycle Stage Fundamental Research Question Secondary Research Questions 

Water acquisition How might large volume water 

withdrawals from ground and 

surface water impact drinking 

water resources? 

 What are the impacts on water availability? 

 What are the impacts on water quality? 

Chemical mixing What are the possible impacts of 

accidental releases of hydraulic 

fracturing fluids on drinking 

water resources? 

 

 What is the composition of hydraulic 

fracturing fluids and what are the toxic effects 

of these constituents? 

 What factors may influence the likelihood of 

contamination of drinking water resources? 

 How effective are mitigation approaches in 

reducing impacts to drinking water 

resources? 

Well injection What are the possible impacts of 

the injection and fracturing 

process on drinking water 

resources? 

 

 How effective are well construction practices 

at containing gases and fluids before, during, 

and after fracturing? 

 What are the potential impacts of pre-existing 

artificial or natural pathways/features on 

contaminant transport? 

 What chemical/physical/biological processes 

could impact the fate and transport of 

substances in the subsurface? 

 What are the toxic effects of naturally 

occurring substances? 

Flowback and produced 

water 

What are the possible impacts of 

accidental releases of flowback 

and produced water on drinking 

water resources? 

 

 What is the composition and variability of 

flowback and produced water and what are 

the toxic effects of these constituents? 

 What factors may influence the likelihood of 

contamination of drinking water resources? 

 How effective are mitigation approaches in 

reducing impacts to drinking water 

resources? 

Wastewater treatment 

and waste disposal 

What are the possible impacts of 

inadequate treatment of 

hydraulic fracturing wastewaters 

on drinking water resources? 

 How effective are treatment and disposal 

methods? 

 

A summary of the research outlined in this chapter can be found in Appendix A.   

  




