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This article proposes a framework for addressing societal

costs—psychological, social, community, and human health

risks and uncertainties—associated with natural gas extrac-

tion and production from tight shale, tight sand, or coal-

bed methane formations that use hydraulic fracturing

processes. The US Environmental Protection Agency’s 2011–14

study of hydraulic fracturing and the risks posed to drinking-

water resources is used as a case study of how such a

framework could be applied. This report also discusses

some of the current regulatory and institutional barriers

that make incorporation of societal costs into science-based

and proactive decisions regarding unconventional oil and

gas exploration and production in the United States more

difficult and recommends some general steps for getting

past those barriers.
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T he high-volume, slickwater hydraulic fracturing pro-
cess used in unconventional @United States ~US! En-

ergy Information Administration, 2012# oil and gas
exploration and production ~E&P! involves injecting large
volumes of water and a combination of various chemicals,
including friction reducers, biocides, acids, and proppants
~such as silica sand or ceramics!, under very high pressure
to fracture the target geological formation and release the
methane gas ~Andrews et al., 2009!. The exact proportion

of chemicals used varies at each gas well and is considered
proprietary business information or a trade secret by gas
companies ~US Department of Labor, 2012!. It is this step
in the E&P of unconventional oil and gas, commonly known
as hydrofracking or fracking, that has garnered the most
attention from the national public and news media and
prompted numerous scientific studies and regulatory in-
vestigations, including a study by the US Environmental
Protection Agency ~US EPA! in 2011–14 to assess the impact
of hydraulic fracturing on drinking-water resources across
the US ~Bamberger and Oswald, 2012; Entrekin et al., 2011;
Groat and Grimshaw, 2012; Hammer, VanBriesen, and Le-
vine, 2012; McKenzie et al., 2012; Urbina, 2011; US EPA,
2011; Warner et al., 2012!.

In the EPA’s plan to study hydraulic fracturing, scientists
and regulators plan to study the entire water life cycle as it
relates to the use of hydraulic fracturing for extraction of
oil and gas resources from shale. Although this study is not
labeled as a risk assessment, the agency describes it as
providing information that “can then be used to assess the
potential risks to drinking-water resources from hydraulic
fracturing activities” ~US EPA, 2011, p. 3!. The EPA consid-
ers risk to be “the chance of harmful effects to human
health or to ecological systems resulting from exposure to
an environmental stressor” where a stressor is “any phys-
ical, chemical, or biological entity that can induce an ad-
verse response” ~US EPA, 2012a!. To characterize the nature
and magnitude of human health and ecological risk from
chemical contaminants and other stressors, the EPA con-
ducts environmental risk assessments. Therefore, in this
report, the EPA study is considered critical to conducting
a risk assessment at some point in the future.

While the EPA focuses on hydraulic fracturing and its im-
pact on water resources, preliminary social science and pub-
lic health research conducted in regions with unconventional
oil and gas development have found that the largest con-
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cerns of residents living in these communities are only
indirectly related or may be not at all related to the hydrof-
racking process. In fact, preliminary research looking at
perceptions of community leaders in Pennsylvania’s Mar-
cellus Shale region shows that, at the local community level
in areas where hydrofracking is being conducted, this one
step in the multistage process of unconventional oil and gas
development is not even cited as an immediate or short-
term impact ~Brasier et al., 2011!. Instead, in community-
based studies in Pennsylvania and Colorado, local residents
feel they are most impacted by the increased traffic, road
destruction, dust and air pollution, noise, chemical and
wastewater spills and accidents, erosion and sedimentation,
changes in the quality of their private water wells, unusual
and new health problems, large-scale and rapid landscape
change, overall feelings of uncertainty, an increased number
of new people ~“strangers,” “outsiders,” or “foreigners”! in
their community, and a sense that their communities are
changing almost overnight from rural to industrial and
more urban ~Perry, 2012; Witter et al. 2010!. One of the first
responses from public health experts and the research com-
munity to these local community concerns about uncon-
ventional oil and gas development has been a call for more
complete and full disclosure of all chemicals and chemical
mixtures used by the industry, including chemicals used in
well site preparation, well drilling, hydrofracking, well pro-
duction, gas processing, and transport. Such chemical in-
formation is necessary in order to design more appropriate
epidemiological and toxicology studies ~Goldstein, Kriesky,
and Pavliakova, 2012!. There have also been calls for more
studies on the psychological and social stress factors in oil
and gas–impacted communities and for wider use of com-
munity health impact assessments to gauge public percep-
tions of risk and to document emerging health problems
~Institute of Medicine, 2012!.

Incorporating community health impact assessments into
environmental risk assessments and studies like the EPA’s
on hydraulic fracturing may be one way to account for the
costs to society and local community concerns ~Agency for
Toxic Substances and Disease Registry and US EPA, 2009!.
Community health impact assessments may also help pre-
vent a mismatch between local community concerns and
questions and national concerns and scientific questions
that may lead to false conclusions about the risks posed by
unconventional oil and gas development at the local level,
as well as to local community mistrust of the entire re-
search or risk-assessment process. However, it is important
to recognize that broader and long-term community con-
cerns, unless explicitly incorporated into such health or
environmental assessments up front, may not get ad-

dressed. These broader concerns include questions about
the cumulative nature of pollution—that is, regarding how
legacies of pollution interact with new sources of contam-
ination from unconventional oil and gas development and
affect local environmental and human health outcomes.
They also include questions about the short-term and long-
term psychological and social impacts on local residents,
including how the fears and uncertainties regarding pol-
lution can create psychological and social stress leading to
poorer health outcomes. Therefore, it is essential that sci-
entists, public health experts, regulators, and policy makers
recognize that conducting environmental assessments that
focus solely on the impact of hydrofracking and that min-
imize or ignore the local or regional societal implications
of the various processes involved in unconventional oil and
gas E&P may lead to faulty decision making and make it
more difficult to accurately identify local hazards and man-
age risks and uncertainties in the future.

This article proposes a framework for the comprehensive
identification and incorporation of societal costs, includ-
ing psychological, social, community, and health factors,
associated with unconventional oil and gas E&P. Through
critical analysis of the EPA’s 2011–14 study to assess the
impacts of hydraulic fracturing on drinking water, this
article explores how such a framework could greatly im-
prove the quality and usefulness of risk assessments in
addressing societal concerns. It is also a general call for a
shift in how the EPA and other government agencies con-
duct their impact studies and risk assessments of complex
human-ecological problems. To enable this shift, nongov-
ernment scientists and public health practitioners from
various disciplines must become more engaged in scoping,
planning, analyzing, and managing environmental risks
related to unconventional oil and gas development.

Current Risk Assessments and Scientific
Studies on Hydrofracking

One of the most comprehensive regional assessments of
the risks of unconventional oil and gas development in the
US was conducted by the New York State Department
of Environmental Conservation in 2011 ~NYS DEC, 2011,
pp. 9–13!. Through a public scoping process, extended pub-
lic comment periods, and input from engineers, geologists,
and other scientists and specialists within the NYS DEC’s
natural resources and environmental quality programs, the
“Revised Draft Supplemental Generic Environmental Im-
pact Statement” identified nine main categories of poten-
tial significant adverse impacts associated with hydraulic
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fracturing operations in the region’s Marcellus Shale for-
mation: ~1! water resources impacts; ~2! impacts on eco-
systems and wildlife; ~3! impacts on air resources; ~4!
greenhouse-gas emission impacts; ~5! socioeconomic im-
pacts; ~6! visual, noise, and community-character impacts;
~7! transportation impacts; ~8! impacts of naturally occur-
ring radioactive materials ~NORMs! and technologically
enhanced naturally occurring radioactive materials ~TEN-
ORMs! in produced water, pipes, and other equipment;
and ~9! seismicity ~NYS Department of Environmental
Conservation, 2011, pp. 9–19!. Many of these same impacts
have been identified in reports by other municipal agencies
and academic researchers ~Beauduy, 2009; Entrekin et al.,
2011; NYC Department of Environmental Protection, 2009;
Osborn et al., 2011; Soeder and Kappel, 2009!. However,
noticeably lacking from the otherwise comprehensive analy-
sis by the NYS is an assessment of human health impacts
over the short-term or long-term, whether through envi-
ronmental ~including noise and visual! pathways or asso-
ciated with changes in socioeconomic status and other
community characteristics.

With regard to the link between environmental pathways
and human health and hydrofracking wastewater disposal,
preliminary results of ongoing collaborative research be-
tween the Pittsburgh Water and Sewer Authority and the
University of Pittsburgh School of Engineering and at Car-
negie Mellon University has shown that produced waters
from Marcellus Shale development are a major contributor
of total dissolved solids ~TDS!, including and most signif-
icantly bromides, to the Allegheny and Monongahela Riv-
ers ~States et al., 2011; Wilson and VanBriesen, 2011!. These
bromides can interact with the chemical treatment systems
in public drinking-water systems, increasing the risk of
brominated trihalomethanes ~THMs! entering public water
supplies. THMs are known to cause an elevated risk of
birth abnormalities and certain types of cancer in people
exposed over long periods ~Dodds et al., 1999; World Health
Organization, 2004!.

Other research and regulatory investigations have set out
to better understand the groundwater and surface-water
risks resulting from drilling and hydrofracking activities
~Legere, 2011; Ohio Department of Natural Resources, 2008;
Osborn et al., 2011!. In one case, the Pennsylvania Depart-
ment of Environmental Protection ~2010! found that bub-
bles along the western bank of the Susquehanna River in
Bradford County, Pennsylvania, were thermogenic meth-
ane gas, the result of a Marcellus Shale gas well being
drilled 2 miles away. However, this is not an isolated event.
In another methane migration case in Susquehanna County,

Pennsylvania, in Dimock Township, the US EPA and the
Agency for Toxic Substances Disease Registry ~ATSDR, a
federal public health agency of the US Department of
Health and Human Services and the Centers for Disease
Control! became directly involved in conducting compre-
hensive analysis of existing water test results at 18 private
homes and new water testing of chemicals at 68 private
homes whose drinking-water wells were suspected to have
high levels of methane caused by gas drilling in 2008 and
possibly containing metals and other chemicals of public
health concern ~ATSDR, 2011a!. Although it is a clear safety
concern in confined spaces, what risks, if any, methane
migration poses to drinking-water quality and human health
remains an as yet unanswered scientific question ~Jackson
et al., 2011!.

All of these scientific and regulatory investigations into the
potential impacts of unconventional oil and gas activities
on water resources have been directly challenged by gas-
drilling companies and their trade organizations ~America’s
Natural Gas Alliance, 2012!. This has created an atmo-
sphere of scientific mistrust and conflicting information
and thus raises public doubts regarding the real versus
perceived risks of hydrofracking ~Klemow, 2012!. Adding to
this public uncertainty and confusion are conflicting sci-
entific reports from federal agencies, state agencies, and
researchers about potential risks ~Boyer et al., 2011!. An
acute example of such conflicting research information can
be seen in the case of a large chemical spill in Bradford
County on April 19, 2011. The incident took place in Leroy
Township when the wellhead valve flange connection failed
at the Atgas 2H gas well owned by Chesapeake Appalachia,
LLC ~SAIC Energy et al., 2011!. This wellhead failure during
hydraulic fracturing into the Marcellus formation resulted
in an off-site release ~passed the containment system! of
over 10,000 gallons of well fluids containing a mixture of
materials being used in hydrofracking at the time, as well
as waste, or produced, waters. The fluids were contained
on the well pad by the afternoon of April 20 ~over 12 hours
after the initial failure!, and the well was under permanent
control by April 25. Before they were contained, however,
the chemicals broke through the earthen berm contain-
ment system, flowed into a freshwater pond and agricul-
tural fields, and eventually flowed into Towanda Creek, a
tributary of the Susquehanna River. Amphibians in a nearby
pond were found dead after the release ~Hrin, 2011!.

Two separate reports on the Atgas spill, one done by a
private contractor hired by the gas well owner and another
done by a federal government agency, provide conflicting
findings. The private-contractor report, commissioned and
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paid for by Chesapeake Appalachia, LLC, the owner of the
Atgas well, determined that there was no groundwater or
surface-water contamination because of the spill ~SAIC
Energy et al., 2011!. A second report by the ATSDR ~2011b!,
which focused solely on the potential pathways for envi-
ronmental contamination to affect human health, found
that at least one private drinking-water well adjacent to the
spill was contaminated, possibly by the chemical spill from
the Atgas well. In light of this finding, the ATSDR report
went on to say that the agency would be conducting fur-
ther tests and research to determine the exact cause of the
contamination and any possible human health impacts
~pp. 20–21!. In the meantime, Chesapeake Appalachia main-
tains that there was “no effect whatsoever” on surface water
~Hrin, 2011! and issued a letter to the ATSDR asking it to
withdraw its findings ~personal communication, anony-
mous ATSDR staff, Washington, DC, April 2012!. If studies
like this that sought to document the aftermath of a cat-
astrophic spill can produce such contradictory findings, it
is even more challenging to achieve consensus on the long-
term and cumulative impacts of hydrofracking and other
unconventional oil and gas E&P on human and environ-
mental health.

It is within this contested terrain over best available infor-
mation and scientific evidence, and mounting public and
scientific concern regarding the impact of hydrofracking
on human health and the environment, that the 111th Con-
gress ~2009a, pp. 99–100; 2009b, p. 109! funded the EPA to
conduct a scientific study to investigate the possible rela-

tionships between hydraulic fracturing and impacts on
drinking water.

The EPA Hydraulic Fracturing Study and
Its Regulatory Context

In its 2011 “Plan to Study the Potential Impacts of Hydrau-
lic Fracturing on Drinking Water Resources,” the EPA set
out a methodology for conducting a scientific assessment
of the risks to drinking water created by hydraulic frac-
turing techniques used in the oil and gas industry across
the US ~US EPA, 2011!. Congressional hearings in antici-
pation of the beginning of this EPA study revealed a great
deal of disagreement over the appropriate boundaries of
the study plan, with oil and gas corporations and their
lobbying organizations pushing for an extremely narrow
focus that would treat many potential avenues for water
pollution as outside of the appropriate reach of the EPA’s
analysis ~112th Congress, 2011!. In the end, the EPA still
settled on a fairly narrow scope for the study plan, with
exceptions in their analysis of surface spills, the fate of
wastewaters, and a preliminary environmental justice screen-
ing ~Table 1!.

The EPA hydraulic fracturing study will specifically eval-
uate the impact of hydraulic fracturing on groundwater
and surface-water resources by looking at large-volume
surface-water withdrawals, surface spills from chemical mix-
ing, injection and fracturing processes, surface spills of

Table 1. Study questions and activities outlined in the US Environmental Protection Agency’s ~2011! “Plan to Study the Potential Impacts
of Hydraulic Fracturing on Drinking Water Resources”

Study questions Study activities

Water acquisition: What are the potential impacts of large-volume
water withdrawals from groundwater and surface water on drinking-
water resources?

1. Analysis of existing data including input from public and private
stakeholders, including academic researchers

Chemical mixing: What are the possible impacts of surface spills on
or near well pads of hydraulic fracturing fluids on drinking-water
resources?

2. Prospective and retrospective case studies selected based on input
from agency staff, public, and private stakeholders

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

3. Scenario evaluation using computer risk modeling

Flowback and produced water: What are the possible impacts of
surface spills on or near well pads of flowback and produced water
on drinking-water resources?

4. Laboratory studies to understand the fate and transport of chem-
ical contaminants

Wastewater treatment and waste disposal: What are the possible im-
pacts of inadequate treatment of hydraulic fracturing wastewaters
on drinking-water resources?

5. Toxicological summaries of available toxicological information
and, as necessary, toxicological screening studies of chemicals
specific to hydraulic fracturing
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flowback and produced ~waste! waters, and inadequate
treatment of wastewaters. To do this, they will ~1! review
and analyze existing data; ~2! conduct prospective and ret-
rospective case studies in North Dakota ~Killdeer and Dunn
Counties!, Texas ~Wise County!, Pennsylvania ~Bradford,
Susquehanna, and Washington Counties!, and Colorado
~Las Animas and Huerfano Counties! to look at existing
and potential concerns and provide regional context for
the larger EPA study ~US EPA, 2011, pp. 58–63!; ~3! use
computer risk modeling to evaluate scenarios, including an
environmental justice screening to answer the research ques-
tion of whether hydraulic fracturing occurs disproportion-
ately in or near communities with environmental justice
concerns; ~4! conduct laboratory studies to understand
chemical fate and transport; and ~5! review existing tox-
icological information and, as necessary conduct new tox-
icological screenings. One of the publicly anticipated
outcomes of the EPA study is a greater understanding of
the role that federal environmental regulations could play
in governing hydraulic fracturing, specifically related to the
conservation and protection of water quality and human
health. However, as explained later in this article, regula-
tory and institutional barriers currently in place may pre-
vent the EPA from acting on its findings even after further
risk analysis.

The funding and planning of the EPA’s current hydraulic
fracturing study comes 11 years after another study on
hydraulic fracturing specifically related to coal-bed meth-
ane E&P was begun ~US EPA, 2000!. This study used
existing peer-reviewed research, interviews, site visits, and
public comments in its analysis. The EPA did not conduct
its own independent scientific investigations of the poten-
tial risks. In 2004, it concluded that no evidence existed of
groundwater contamination from hydraulic fracturing. Given
these findings, the EPA determined that no further scien-
tific or technical assessment regarding the risks of hydrau-
lic fracturing was necessary ~US EPA, 2004!. Beginning in
2005, the use of hydraulic fracturing in unconventional oil
and gas E&P, including shales, tight sands, and coal-bed
methane and specifically in onshore industry operations,
was exempted from important environmental laws, includ-
ing the Safe Drinking Water Act, Clean Air Act, Clean
Water Act, Resource Conservation and Recovery Act, and
the Comprehensive Environmental Response, Compensa-
tion, and Liability Act ~104th Congress, 2005!. Political
controversies surrounding these exemptions are perhaps
one of the primary reasons behind public anticipation that
study results will provide regulatory insights. However, a
closer look at the EPA’s regulatory jurisdiction may fore-
close such an outcome.

According to the laws and regulations that are under the
EPA’s jurisdiction, the EPA is only required to conduct a
comprehensive analysis of the environmental, societal, and
human health benefits associated with implementing new
regulations under the Toxic Substances Control Act ~US
EPA, 2012b, Table 3-1!. The other legislation that must be
considered when looking at regulating hydraulic fracturing
~and from which the process is currently exempt!—the
Clean Air Act, Clean Water Act, Safe Drinking Water Act,
Resource Conservation and Recovery Act, and the Com-
prehensive Environmental Response, Compensation, and
Liability Act—have varying requirements for cost-benefit
analysis based on specific statutory language in each sep-
arate piece of legislation. But perhaps the largest barrier to
conducting comprehensive social and ecological analyses
of environmental regulations is that, as currently codified,
none of the EPA’s enabling legislation creates room for a
prior analysis of the costs ~especially nonmonetary! to
the environment, society, or human health if proposed
new regulations are not implemented ~US EPA, 2012b, Table
3-1!. So from a strictly regulatory and institutional per-
spective, the lack of a clear statutory mandate to conduct
rigorous and holistic cost-benefit analyses means that the
EPA’s hydraulic fracturing study alone should not be ex-
pected to provide justification for or against regulation but
instead can only narrowly identify the best available sci-
ence that could be used to consider such regulation.

Another important point about the EPA’s regulatory reach
in relation to the hydraulic fracturing process and drinking
water is that the EPA has no authority to regulate pollution
as it relates to private drinking-water wells ~104th Con-
gress, 1996!. In the US, the use of private water wells versus
publicly managed drinking-water sources depends on ge-
ography ~Macintyre, Ellaway, and Cummins, 2002!. That is,
in most rural areas and in areas farther from urban pop-
ulation centers, a greater percentage of the population
relies on private water wells. These private wells are under
the purview of state and local governments, and in most
cases the water quality from these private wells is the re-
sponsibility of private landowners. So, despite growing sci-
entific evidence that chemical contamination of private
water wells from spills and underground migration of haz-
ardous chemicals might contaminate groundwater ~Warner
et al., 2012!, the EPA is not authorized to regulate that risk
and can step in only if an industrial accident resulting in
documented damages has been reported @as was the case in
Dimock Township and in the Atgas well site accident in
Leroy Township ~personal communication, anonymous EPA
staff, Pittsburgh, Pennsylvania, November 2011!# . So, re-
gardless of the EPA study’s findings regarding water quality
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and human health, a regulatory vacuum still exists regard-
ing protection of drinking-water quality in predominately
rural areas across the US.

A Framework for Incorporating Societal
Concerns into the Assessment of
Hydrofracking

What the previous overview of environmental studies, gov-
ernment investigations, and regulatory barriers and respon-
sibilities reveals is a focus on short-term or reactionary
impact studies and a lack of integration, or even recogni-
tion, of social, community, and health science information
with environmental data, by either the scientific commu-
nity or the regulatory community. For the past 30 years,
however, social scientists have been conducting research
that seeks to characterize broad trends in the local and
regional social impacts of rapid economic development
projects in the US, including conventional and unconven-
tional oil and gas development ~for examples, see Albrecht,
1978; Brown, Dorius, and Krannich, 2005; Cortese and Jones,
1977; England and Albrecht, 1984; Freudenburg, 1981; Gilmore,
1976; Kassover and McKeown, 1981; Krannich and Greider,
1984; Park and Stokowski, 2009; Smith, Krannich, and Hunter,
2001!. This diverse literature on social impacts contains
important findings about community responses to rapid
change, mental health, crime, economic indicators, public
perceptions, rural poverty, and many other specific topics
that are relevant to understanding and assessing the societal
costs of unconventional oil and gas development.

What is missing from this social science research, and of
most relevance to the EPA’s hydraulic fracturing study, are
comparative studies between localities and regions, neigh-
borhood and family-scale longitudinal studies, studies of
the long-term consequences of these types of development
on cultural resources and community-based resource econ-
omies, and studies that specifically look at the impacts of
unconventional oil and gas development and the process of
hydrofracking on social and community change and public
health outcomes. Besides studies of occupational worker
health and safety and studies with communities living near
downstream oil and gas facilities ~e.g., processing plants,
ethane crackers, refineries! ~Epstein and Selber, 2002; Green-
berg, Waksman, and Curtis, 2007!, we know far less about
the social and public health impacts related to unconven-
tional oil and gas exploration, drilling, and transportation
facilities, especially the impacts of unconventional extrac-
tion processes using hydrofracking. The framework pro-

posed here offers a way to explicitly identify and characterize
societal concerns about unconventional oil and gas devel-
opment and incorporate those local concerns into envi-
ronmental assessments.

In their assessment of hydraulic fracturing and drinking
water ~US EPA, 2000, 2011!, the EPA is using a traditional
translation role of risk characterization that was first out-
lined in 1983 by the US National Research Council’s ~NRC!
Committee on the Institutional Means for Assessment of
Risks to Public Health in the report “Risk Assessment in
the Federal Government: Managing the Process,” or more
commonly referred to as the “Red Book” ~NRC, 1983!. The
Red Book approach to risk assessment says that risk char-
acterization is a final translational step that involves de-
velopment of a concise estimate of adverse effects on a
given population ~p. 3!.

In 1996, the NRC’s Committee on Risk Characterization
released “Understanding Risk: Informing Decisions in a
Democratic Society,” which recommended a new way of
approaching risk assessment—a method that involves an
iterative analytic-deliberative process in characterizing risks
during problem formulation and throughout all stages of
assessments dealing with hazards to public health, safety,
and the environment ~NRC, 1996!. In this process, illus-
trated in Figure 1, analysis refers to the systematic appli-
cation of theories and methods from natural science, social
science, engineering, decision science, logic, mathematics,
and law, and deliberation refers to the methods used for
building understanding or reaching consensus through pub-
lic and cross-sectoral discussion, reflection, persuasion, and
other forms of communication ~p. 30!.

It is an iterative process in that deliberation frames the
analysis, and analysis informs the deliberation through var-
ious feedback loops. It can also be a slower process and
involves longer commitments from participants. At every
step of the process, all public and private parties concerned
are engaged in deliberation and analysis. However, carry-
ing out risk assessments on controversial subjects with
high public visibility, such as hydraulic fracturing and drink-
ing water, by using this 1996 iterative analytic-deliberative
process of risk characterization, instead of the current Red
Book process, could in the end lead to better risk decision
making and long-term risk management ~NRC, 1996, p. 166!.

One reason why this analytic-deliberative approach to risk
is so effective is that it makes room for deliberation about
the more broad-ranging concerns that local communities,
the public, and the private sector have regarding the risks
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and uncertainties around such complex issues as hydrof-
racking. This ensures that assessments are not focused just
on those concerns solely related to science and regulation,
which in some cases may have less value to public policy
and perceptions ~Fiorino, 1990!. These broader delibera-
tions are necessary in order to make explicit the risks and
uncertainties facing social, community, and human health
factors, or overall societal costs, as they may relate to E&P
operations over various temporal and spatial scales. The
concept of societal costs used here is borrowed from the
literature and research in the disciplines of human re-
source management, public health, community psychol-
ogy, natural resource economics, and environmental law
studies ~for examples, see Lengnick-Hall and Lengnick-
Hall, 1988; MacKenzie, Bartecchi, and Schrier, 1994; Revesz,
1999; Sagan, 1972! and includes similar terms and concepts
like human or social capital, human factors, health indi-
cators, human assets, hidden costs, external costs, transac-
tion costs, indirect costs, and damages ~Liljas, 1998; Sen,
2000!.

What sets the societal costs in this framework apart from
some of these other intellectual traditions and conceptu-
alizations is that these costs are not intended to be assessed
by quantitative measurement alone. Instead, societal costs
by using this framework are assessed at local, community
scales and across various temporal scales recognizing en-
vironmental, regulatory, and industry variables ~including
current and historic pollution issues or legacy wastes! and
measured with various qualitative, and sometimes quanti-
tative, criteria.

Figure 2 shows a conceptual model of how these local
community interactions among social, community, and
human health ~societal! factors and the addition of un-
conventional oil and gas E&P operate. The types of societal
factors identified in Figure 2 are for illustrative purposes
only. In application of the framework, these societal factors
would be identified through the aforementioned analytic-
deliberative process. This open process goes hand in hand
with this conceptual model because it ensures that all the

Figure 1. A schematic representation of an iterative analytic-deliberative process for conducting environmental risk
assessments. Adapted from National Research Council ~1996, p. 28, Figure 1-2!.
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relevant factors, variables, and inputs and outputs are iden-
tified throughout the risk-assessment process and into the
risk-management phase.

Figure 2 illustrates also the relationships across time of
societal factors, ecological, regulatory, and industry vari-
ables, and the different inputs. These inputs include local
natural and human resources ~e.g., local population fluc-
tuations, local land uses and products, and cultural and
occupational knowledge!, as well as the inputs resulting
from nonlocal oil and gas E&P ~e.g., population from
outside local area, industry-specific land uses, and employ-
ment training!. It is important to note that this is a cu-
mulative model that along each temporal step involves
adding or subtracting ~6! inputs as the oil and gas E&P
activities expand ~boom! and contract ~bust! at the local
level. The model assumes that societal costs are cumula-

tive, and that ecological, regulatory, and industry variables,
and inputs fluctuate over time. Recognizing the changing
and cumulative nature of these relationships also recog-
nizes that there are differences between immediate and
latent risks, and that there are intergenerational implica-
tions of making decisions in the present that may impact
future generations in unexpected or unknowable ways
~Revesz, 1999!.

The final result of these temporal interactions among so-
cietal factors, ecological, regulatory, and industry variables,
and local and nonlocal oil and gas inputs are new outputs
related to local goods and services ~e.g., population in-
creases, employment, income, infrastructure, land uses and
products, and emergency services!, some of which may
create new inputs that further interact with the societal
factors. The important point is that these outputs, whether

Figure 2. Conceptual model showing the local community interactions among societal factors ~social, community, and human
health!, environmental, regulatory, and industry variables, and inputs ~top arrows! along a cumulative time line from 0 to
100 years. The outputs ~bottom arrows! that emerge as a result of these interactions can be used to measure societal costs. E&P,
exploration and production.
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qualitative or quantitative, can be measured with regard to
their costs and benefits to society. For example, local out-
puts can be evaluated with a special emphasis on how
newly created goods and services impact nonmonetary and
qualitative aspects of social, community, and health fac-
tors, including access and enjoyment of outdoor activities,
food and water security, and various other measures of
overall well-being.

A Case Study: The EPA’s 2011–14
Hydraulic Fracturing Study

In the current EPA assessment of hydraulic fracturing and
drinking water, great emphasis is placed on initial scoping
via public meetings and public dissemination of the as-
sessment’s results; however, the iterative analytic-deliberative
process proposed here goes beyond these public outreach
activities and seeks to answer broader concerns about risks
raised by all interested and concerned segments of the local
population, as well as by public and private organizations.
The framework described earlier is not just about stake-
holder and public outreach and involvement in designing
the research plan and in reporting research results, which
are the main focuses of the EPA’s hydraulic fracturing study
~US EPA, 2011, pp. 3–5, 7!. It is also about seeking engage-
ment of the public throughout problem formulation and
the research activities and well into management of the
risks. It involves incorporating new community-based and
scientific research questions that will address broader pub-
lic concerns about risk throughout the research and assess-
ment process. In the case of the EPA study, that could mean
that some community-based research questions would have
less to do with hydraulic fracturing as it relates to drinking
water and more to do with traffic, noise, air pollution, and
other community concerns.

While the EPA’s proposed environmental justice assess-
ment is a first step in recognizing and understanding how
certain communities may be more at risk than others to
water-quality problems from hydraulic fracturing, it falls
short by not anticipating the broader deliberations on hy-
draulic fracturing that should be considered in risk char-
acterization regarding the societal costs to local communities
and issues of environmental equity and fairness that are
embedded in the current regulatory system. For example,
differences in how private versus public water systems are
regulated, or a lack of regulations regarding private water
wells, could be considered an environmental justice con-
cern since small rural communities across the US are af-
fected disproportionately and different standards on water

quality are applied. Since these different standards are tied
to sociodemographic characteristics and urban versus rural
land uses, they do not allow for equal protection of and
access to clean sources of drinking water for rural people.
Access to clean drinking water is a serious environmental
justice issue that affects all communities where hydraulic
fracturing or other industrial processes with the risk of
contaminating water supplies are taking place.

Instead of proactively addressing known environmental
justice issues regarding hydraulic fracturing and access to
clean drinking water, the EPA study uses an environmental
justice analysis based on indexing of US Census and Amer-
ican Community Survey data at the county level ~US EPA,
2011, pp. 53–55!. While this is an acceptable approach to an
assessment of environmental justice in fairly stable and
urban populations, the use of this survey data carries with
it assumptions that do not apply to the types of rural
communities with hydrofracking activities. One of these
assumptions is that the US Census and American Com-
munity Survey statistical data realistically reflect demo-
graphic trends in rural geographic areas with unconventional
oil and gas E&P. However, most areas with this develop-
ment have smaller populations, are traditionally agricul-
tural ~meaning that the US Department of Agriculture’s
survey data may be more appropriate!, and are experienc-
ing such fluctuations in their local populations that statis-
tical information on demographic changes may be either
exaggerated or not captured at all or in an appropriate
time frame ~Lizik, 2006!. In addition, census data alone
will not capture the local impact of the oil and gas industry’s
transient workforce, mostly composed of young to middle-
aged men who may claim permanent residence in one state
but live and work for weeks, months, or years in commu-
nities where onshore oil and gas E&P projects are taking
place ~O’Rourke and Connolly, 2003!. This transient work-
force may significantly influence the sociodemographic ~in-
cluding economic! characteristics of a county or region
even if their presence is not counted in census surveys. For
example, the population and one-parent, one-income house-
holds might increase as a result of short-term sexual rela-
tionships between local female residents and the mostly
male workforce, or local income and business tax pay-
ments might increase through workers’ spending of per-
sonal income or company funds at local restaurants, lodging
accommodations, gas stations, and other local establishments.

A more useful approach to designing and conducting the
environmental justice analysis of hydraulic fracturing would
be first to identify and understand local social change
processes that are unique to the oil and gas industry and
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local communities with unconventional oil and gas E&P.
The proposed framework incorporates this type of locally
relevant social change information into all steps of the
risk assessment, from problem formulation through analy-
sis to risk management. This more localized, context-
specific approach to environmental justice, coupled with
regulatory analysis of the current institutional barriers to
environmental equity and fairness, would more appropri-
ately answer the question of whether hydraulic fracturing
disproportionately occurs in or near communities with
environmental justice concerns.

The EPA’s study plan also includes doing prospective ~be-
fore hydrofracking takes place! and retrospective ~after hy-
drofracking takes place! case studies in different counties
across the US. This, too, is a laudable first step toward
understanding how local communities are impacted from
a baseline condition to short and medium timescales. How-
ever, it does not satisfy urgent unanswered questions about
the societal and human health risks and uncertainties borne
by local communities both cumulatively and over long-
term and generational timescales. For example, it does not
ask important questions about how hazardous chemicals
that may be used in hydraulic fracturing and that make
their way into surface water, groundwater, air, or soil could
affect the development of unborn children and adoles-
cents, as well as women of childbearing age, both in the
local communities with oil and gas development as well as
in downstream communities or communities where work-
ers have a full-time residence and raise their families ~Coo-
per and Kavlock, 1997!. In fact, the risk of exposure among
workers and their families who may not live in the com-
munities where these case studies are being conducted, or
who live there for only short periods before moving back
to more permanent residences in another state, is never
mentioned in the EPA’s study plan. There is also no rec-
ognition of the role that other social or environmental
factors may play in increasing a local population’s suscep-
tibility to disease if chemical contaminants are present in
their water or air. For example, in local communities with
oil and gas development where we have evidence that sex-
ually transmitted infections have increased ~Witter et al.,
2010!, how might this affect physiological or emotional
stress levels, immune responses, and exposure to hazard-
ous chemicals in air, water, or food?

The justification given for not including the aforemen-
tioned types of risk in the EPA’s study plan is that they are
beyond the plan’s scope, which is to evaluate the impact of
hydraulic fracturing on drinking water. This, however, is an
overly narrow approach to conducting a risk-assessment

study on such a complex industrial process that involves
environmental and human factors. As a result, the EPA
study as currently designed will be limited in its utility for
informing public policy or in managing risks posed to
local communities. Instead, by using the model of iterative
analytic-deliberative process and societal costs proposed
here, the EPA could develop an approach to assessing the
risks and uncertainties of hydraulic fracturing and drinking-
water quality that would be more meaningful to local
communities, as well as policy makers.

Discussion and Recommendations

Studies such as EPA’s are extremely important for produc-
ing generalizable knowledge about the possible impacts of
unconventional oil and gas development on environmental
and human health, and they can be useful for informing
near-term and very specific public policy decisions. This
article does not intend to deny the importance of current
EPA efforts. Instead, the proposed framework it sets forth
should be read and understood as offering an alternative
local community-based approach to risk assessment that is
not contrary to, but in addition to, the EPA’s or any other
agency’s plan to study the environmental and human health
risks of unconventional oil and gas E&P. In general, this
framework calls on the EPA and other federal, state, and
local agencies to consider following the NRC’s 1996 rec-
ommendations on iterative, analytic-deliberative processes
for risk assessment and to fully incorporate questions about
societal costs into their plans, studies, and analyses.

Before this framework can work, though, agencies need to
get past the idea of public participation as something an
agency does after problem formulation and quantitative
measurements. A good first step in that direction would be
to take a hard look at how they do what they define as public
participation and, if necessary, reverse and reconfigure one-
way flows of communication and decision making to de-
velop more deliberative, engaged, transparent, and meaningful
forms of participation ~Fiorino, 1990!. This means incor-
porating an open public process for all aspects of risk as-
sessment from characterization, analysis, and management
of risks that uses local community knowledge and qualita-
tive measurements of historic, short-term and long-term,
and cumulative risks alongside quantitative measurements
of risks. In some cases, this may call for the development of
computer models that project future and cumulative risk
scenarios, and the development of such models should in
turn rely on local community knowledge alongside techni-
cal and scientific data ~Zartarian et al., 2011!. In a practical
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sense, long-term public participation also means preparing
for assessments that may involve a much longer time frame,
since deliberation can take more time and the management
of risks should be an ongoing process that continues even
after scientific research is complete.

This framework also challenges agencies to evaluate criti-
cally the current regulatory and institutional context within
which they operate. Analysis of the regulatory and insti-
tutional context within which government agencies must
operate is essential to any risk assessment in order to
identify current legislative, financial, and political barriers
that may be preventing them from using their regulatory
authority. This is particularly important in cases where the
risk may be greater for environmental contamination or
public endangerment ~e.g., the EPA’s lack of regulatory
authority over private water wells!. Where there is evidence
of a risk to environmental and human health but such
barriers exist, agencies should clearly evaluate the sources
of such barriers, assess whether the barriers can prudently
be removed, or endeavor to strengthen partnerships with
other appropriate government agencies, whether federal,
state, or local, that are not subject to such barriers in order
to provide appropriate regulatory guidance. By removing
regulatory or institutional barriers and strengthening pub-
lic agency partnerships, government agencies responsible
for protecting environmental and human health can en-
sure that adequate protections and mechanisms for enforc-
ing those protections are instituted in a timely manner.

Use of the deliberative process is particularly relevant for
maintaining transparency and therefore some level of trust
among all parties by ensuring that feedback, or communi-
cation, loops are kept open throughout all stages of risk
assessment. This is particularly important when different
parties to the deliberations have differential access to power
or money that may privilege some participants over others,
such as industry participants over local community resi-
dents, government agencies over industry participants, or
government agencies over local community residents. The
roles and intentions of all parties to the deliberations should
be articulated and remain open to discussion throughout
the risk-assessment process.By following the iterative, analytic-
deliberative process recommended by the NRC alongside
the conceptual model of societal costs in Figure 2, there is
more opportunity for clarification of roles and transpar-
ency in interactions among all parties, whether industry,
government, or the various nonindustry stakeholders.

From a societal costs perspective, it is essential in evaluat-
ing risks related to the unconventional oil and gas industry

that industry participants involved in the deliberations iden-
tify financial and other personal or institutional conflicts
of interest related to the scientific evaluation of risks and
possible management decisions. For instance, it may be
appropriate and necessary for industry to play a significant
role in helping government agencies identify best engineer-
ing practices for reducing risks and conducting such sci-
entific research that is necessary to evaluate or test those
practices. However, the legal protection of environmental
and human health from oil and gas industry practices such
as hydraulic fracturing may need to be treated separately
since a need for increased protections via regulations or
other measures may be seen by industry as a constraint on
existing or future oil and gas operations. This becomes a
clear financial conflict of interest for the oil and gas in-
dustry. The danger is that because of large economic and
political power differences between the industry and non-
industry stakeholders ~e.g., community residents! industry
can hold more influence over the process, and the result
can be a lack of enforceable protections for environmental
and human health. Following the decision-making frame-
work proposed here, with particular emphasis on the
analytic-deliberative process, would articulate such con-
flicts of interest early in the problem-formulation stage
and in the development of protective measures thus min-
imizing or eliminating the involvement of parties that may
have a financial or other conflict of interest.

And, finally, in order for government agencies to take the
steps necessary to undertake the deliberative processes and
comprehensive, multidisciplinary assessments of the soci-
etal costs of unconventional oil and gas E&P and hydraulic
fracturing that this article calls for, there is a need for
greater substantive involvement by nongovernmental sci-
entists and practitioners from a greater diversity of envi-
ronmental, social, policy, and health disciplines in scoping,
planning, analyzing, and managing environmental risks
related to unconventional oil and gas in areas with this
development. As recognized by Fiorino ~1990! and others
~De Marchi, 2003; Kasperson, 1986; Rowe and Frewer, 2000!,
specific regulatory barriers, financial constraints, and po-
litical factors facing federal, state, and local environmental
agencies can make it difficult for them to carry out the type
of public deliberative processes presented here. In some
cases, though, lack of subject-matter expertise may be an
even greater barrier that could be overcome by increasing
the involvement of nongovernment experts at the begin-
ning of assessment planning. What is true of using an
open, deliberative process for incorporating local commu-
nities and affected stakeholders and their concerns into
every step of the risk-assessment process is also true for
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incorporating the broader scientific and policy research
community.

Acknowledgments

I thank several anonymous contributors from federal agencies who pro-
vided insight and thoughtful correspondence on the framework proposed
and overall direction of this article. All analysis and critique of current
risk assessments being planned or carried out by federal agencies are
mine alone. Many thanks also to the three anonymous peer reviewers
whose thoughtful, detailed comments greatly improved the original draft.

References

104th Congress. 1996, August 6. Safe Drinking Water Act Amendments of
1996, Public Law 104–182. 110 Stat. 1613. Library of Congress, Washington,
DC, 81 pp. Available at http://www.gpo.gov/fdsys/pkg/PLAW-104publ182/
pdf/PLAW-104publ182.pdf ~accessed August 19, 2012!.

104th Congress. 2005, August 8. Energy Policy Act of 2005, Public Law
109-58. 42 USC §13201 et seq., Title III, Subtitle C §322. Library of Con-
gress, Washington, DC, 81 pp. Available at http://www.gpo.gov/fdsys/pkg/
PLAW-109publ58/pdf/PLAW-109publ58.pdf ~accessed October 29, 2012!.

111th Congress. 2009a. Title II: Environmental Protection Agency. In House
Report 111–180. Library of Congress, Washington, DC, 96–118. Available
at http://www.gpo.gov/fdsys/pkg/CRPT-111hrpt180/pdf/CRPT-111hrpt180.pdf
~accessed October 30, 2012!.

111th Congress. 2009b. Title II: Environmental Protection Agency. In House
Report 111–316. Library of Congress, Washington, DC, 108–131. Available
at http://www.gpo.gov/fdsys/pkg/CRPT-111hrpt316/pdf/CRPT-111hrpt316.pdf
~accessed October 30, 2012!.

112th Congress, US House Committee on Science, Space, and Technology.
2011, May 11. Review of Hydraulic Fracturing Technology and Practices:
Hearing before the House Committee on Science, Space, and Technology.
Library of Congress, Washington, DC, 157 pp. Available at http://www.
gpo.gov/fdsys/pkg/CHRG-112hhrg66221/pdf/CHRG-112hhrg66221.pdf ~ac-
cessed August 15, 2012!.

Agency for Toxic Substances and Disease Registry ~ATSDR!. 2011a, De-
cember 28. ATSDR Record of Activity/Technical Assist. UID IBD7. ATSDR,
Washington, DC, 8 pp. Available at http://www.epa.gov/aboutepa/states/
dimock-atsdr.pdf ~accessed May 14, 2012!.

Agency for Toxic Substances and Disease Registry ~ATSDR!. 2011b, No-
vember 4. Health Consultation-Chesapeake ATGAS 2H Well Site 19–20. US
Department of Health and Human Services, Washington, DC, 55 pp.
Available at http://www.atsdr.cdc.gov/hac/pha/ChesapeakeATGASWellSite/
ChesapeakeATGASWellSiteHC110411Final.pdf ~accessed October 30, 2012!.

Agency for Toxic Substances and Disease Registry ~ATSDR! and US En-
vironmental Protection Agency ~US EPA!. 2009. A Citizen’s Guide to Risk
Assessments and Public Health Assessments at Contaminated Sites. 01-0930.
ATSDR and US EPA, Washington, DC, 8 pp. Available at http://www.
atsdr.cdc.gov/publications/01-0930CitizensGuidetoRiskAssessments.pdf ~ac-
cessed August 15, 2012!.

Albrecht, S.L. 1978. Socio-cultural Factors and Energy Resource Develop-
ment in Rural Areas in the West. Journal of Environmental Management
7~1!:73–90.

America’s Natural Gas Alliance ~ANGA!. 2012. ANGA Remarks on Duke
Study on Methane. ANGA, Washington, DC. Available at http://www.anga.us/
critical-issues/anga-on-duke-study-on-methane ~accessed May 14, 2012!.

Andrews, A., P. Folger, M. Humphries, C. Copeland, M. Tiemann, R.
Meltz, and C. Brougher. 2009, October 30. Unconventional Gas Shales:
Development, Technology, and Policy Issues. CSR Report for Congress,
R40894. Congressional Research Service ~CRS!, Washington, DC, 48 pp.
Available at http://www.fas.org/sgp/crs/misc/R40894.pdf ~accessed May
14, 2012!.

Bamberger, M., and R.E. Oswald. 2012. Impacts of Gas Drilling on Human
and Animal Health. New Solutions 22~1!:51–77.

Beauduy, T.W. 2009. Accommodating a New Straw in the Water: Extract-
ing Natural Gas from the Marcellus Shale in the Susquehanna River
Basin. Presentation at Change in the Midst of Constants: Adapting Water
Law to Meet New Demands, 27th Annual Water Law Conference, Amer-
ican Bar Association, Section of Environment, Energy, and Resources, for
the Susquehanna River Basin Commission, February 18–20, San Diego,
CA. Susquehanna River Basin Commission, Harrisburg, PA, 8 pp. Avail-
able at http://www.srbc.net/programs/docs/Marcellus%20Legal%20
Overview%20Paper%20%28Beauduy%29.pdf.PDF ~accessed August 15,
2012!.

Boyer, E.W., B.R. Swistock, J. Clark, M. Madden, and D.E. Rizzo. 2011,
October. The Impact of Marcellus Gas Drilling on Rural Drinking Water
Supplies. Center for Rural Pennsylvania, Harrisburg, PA, 29 pp. Available
at http://www.rural.palegislature.us/documents/reports/Marcellus_
and_drinking_water_2011_rev.pdf ~accessed May 14, 2012!.

Brasier, K.J., M.R. Filteau, D.K. McLaughlin, J. Jacquet, R.C. Stedman, T.
Kelsey, and S.J. Goetz. 2011. Residents’ Perceptions of Community and
Environmental Impacts from Development of Natural Gas in the Mar-
cellus shale: A Comparison of Pennsylvania and New York Cases. Journal
of Rural Social Sciences 26~1!:32–61.

Brown, R.B., S.F. Dorius, and R.S. Krannich. 2005. The Boom-Bust Re-
covery Cycle: Dynamics of Change in Community Satisfaction and Social
Integration in Delta, Utah. Rural Sociology 70~1!:28–49.

Cooper, R.L., and R.J. Kavlock. 1997. Endocrine Disruptors and Repro-
ductive Development: A Weight-of-Evidence Overview. Journal of Endo-
crinology 152~2!:159–166.

Cortese, C.F., and B. Jones. 1977. The Sociological Analysis of Boomtowns.
Western Sociological Review 8~1!:75–90.

De Marchi, B. 2003. Public Participation and Risk Governance. Science
and Public Policy 30~3!:171–176.

Dodds, L., W. King, C. Woolcott, and J. Pole. 1999. Trihalomethanes in
Public Water Supplies and Adverse Birth Outcomes. Epidemiology
10~3!:233–237.

England, J.L., and S.L. Albrecht. 1984. Boomtowns and Social Disruption.
Rural Sociology 49:230–46.

Entrekin, S., M. Evans-White, B. Johnson, and E. Hagenbuch. 2011. Rapid
Expansion of Natural Gas Development Poses a Threat to Surface Waters.
Frontiers in Ecology and the Environment 9~9!:503–511.

Epstein, P.R., and J. Selber. 2002. Oil: A Life-Cycle Analysis of Its Health
and Environmental Impacts. Center for Health and the Global Environ-
ment, Harvard Medical School, Boston, MA, 73 pp. Available at http://
priceofoil.org/wp-content/uploads/2006/05/OILHarvardMedfullreport.
pdf ~accessed August 15, 2012!.

Societal Costs of Unconventional Oil and Gas Exploration and Production 363



Fiorino, D.J. 1990. Citizen Participation and Environmental Risk: A Sur-
vey of Institutional Mechanisms. Science, Technology, & Human Values
15~2!:226–243.

Freudenburg, W.R. 1981. Women and Men in an Energy Boom Town:
Adjustment, Alienation and Adaptation. Rural Sociology 46~2!:220–244.

Gilmore, J.S. 1976. Boom Towns May Hinder Energy Resource Develop-
ment: Isolated Rural Communities Cannot Handle Sudden Industrializa-
tion and Growth without Help. Science 191~4227!:535–40.

Goldstein, B.D., J. Kriesky, and B. Pavliakova. 2012. Missing from the
Table: Role of the Environmental Public Health Community in Govern-
mental Advisory Commissions Related to Marcellus Shale Drilling. En-
vironmental Health Perspectives 120:483–486. Available at http://dx.doi.org/
10.1289/ehp.1104594 ~accessed May 15, 2012!.

Greenberg, M.I., J. Waksman, and J. Curtis. 2007. Silicosis: A Review.
Disease-a-Month 53~8!:394–416.

Groat, C.G., and T.W. Grimshaw. 2012, February. Summary of Findings.
In Fact-Based Regulation for Environmental Protection of Shale Gas De-
velopment. A Report by the Energy Institute, University of Texas, Austin,
TX, 7–55. Available at ourenergypolicy, http://www.ourenergypolicy.org/
fact-based-regulation-for-environmental-protection-in-shale-gas-
development/ ~accessed October 30, 2012!.

Hammer, R., J. VanBriesen, and L. Levine. 2012, May. In Fracking’s Wake:
New Rules Are Needed to Protect Our Health and Environment from Con-
taminated Wastewater. D:12-05-A. Natural Resources Defense Council,
New York, 113 pp. Available at http://www.nrdc.org/energy/files/Fracking-
Wastewater-FullReport.pdf ~accessed August 15, 2012!.

Hrin, E. 2011. Chesapeake Informed of Maryland’s Intent to Sue. Towanda
Daily Review, May 6. Available at http://thedailyreview.com/news/
chesapeake-informed-of-maryland-s-intent-to-sue-1.1142711 ~accessed Au-
gust 15, 2012!.

Institute of Medicine. 2012, April 30–May 1. Meeting: The Health Impact
Assessment of New Energy Sources: Shale Gas Extraction. Institute of Med-
icine, Washington, DC. Available at http://iom.edu/Activities/Environment/
EnvironmentalHealthRT/2012-APR-30.aspx ~accessed May 15, 2012!

Jackson, R.B., B.R. Pearson, S.G. Osborn, N.R. Warner, and A. Vengosh.
2011. Research and Policy Recommendations for Hydraulic Fracturing and
Shale-Gas Extraction. Center on Global Change, Duke University, Durham,
NC, 11 pp. Available at http://www.nicholas.duke.edu/cgc/
HydraulicFracturingWhitepaper2011.pdf ~accessed August 15, 2012!.

Kasperson, R.E. 1986. Six Propositions on Public Participation and Their
Relevance for Risk Communication. Risk Analysis 6~3!:275–281.

Kassover, J., and R.L. McKeown. 1981. Resource Development, Rapid Growth,
and Rural Communities: Managing Social Change in the Modern Boom-
town. Environmental Geochemistry and Health 3~2!:47–54.

Klemow, K.M. 2012. Science and Energy Policy: Leave the Cherries Alone.
Frontiers in Ecology and the Environment 10~3!:115.

Krannich, R.S., and T. Greider. 1984. Personal Well-being in Rapid Growth
and Stable Communities: Multiple Indicators and Contrasting Results.
Rural Sociology 49~4!:541–552.

Legere, L. 2011. EPA: Dimock Water Supplies ‘Merit Further Investigation.’
Scranton Times-Tribune, December 31. Available at http://thetimes-
tribune.com/news/epa-dimock-water-supplies-merit-further-investigation-
1.1251334#axzz1jisTwFlv ~accessed August 15, 2012!.

Lengnick-Hall, C.A., and M.L. Lengnick-Hall. 1988. Strategic Human Re-
sources Management: A Review of the Literature and a Proposed Typol-
ogy. Academy of Management Review 13~3!:454–470.

Liljas, B. 1998. How to Calculate Indirect Costs in Economic Evaluations.
Pharmacoeconomics 13~1!:1–7.

Lizik, K. 2006. The American Community Survey. Alaska Economic Trends,
February 14–19. Available at http://labor.alaska.gov/trends/feb06.pdf ~ac-
cessed October 30, 2012!.

Macintyre, S., A. Ellaway, and S. Cummins. 2002. Place Effects on Health:
How Can We Conceptualise, Operationalise and Measure Them? Social
Science & Medicine 55~1!:125–139.

MacKenzie, T.D., C.E. Bartecchi, and R.W. Schrier. 1994. The Human
Costs of Tobacco Use—Second of Two Parts. New England Journal of
Medicine 330~14!:975–980.

McKenzie, L.M., R.Z. Witter, L.S. Newman, and J.L. Adgate. 2012. Human
Health Risk Assessment of Air Emissions from Development of Uncon-
ventional Natural Gas Resources. Science of the Total Environment
424~May!:79–87.

National Research Council ~NRC! Committee on the Institutional Means
for Assessment of Risks to Public Health. 1983. Risk Assessment in the
Federal Government: Managing the Process. National Academies Press,
Washington, DC, 191 pp. Available at http://www.nap.edu/catalog/
366.html ~accessed May 14, 2012!.

National Research Council ~NRC! Committee on Risk Characterization.
1996. Understanding Risk: Informing Decisions in a Democratic Society. P.C.
Stern and H.V. Fineberg, eds. National Academies Press, Washington, DC,
264 pp. Available at http://www.nap.edu/catalog/5138.html ~accessed May
14, 2012!.

New York City Department of Environmental Protection ~NYC DEP!.
2009, December. Final Impact Assessment Report: Impact Assessment of
Natural Gas Production in the New York City Water Supply Watershed.
NYC DEP, New York, 100 pp. Available at http://www.nyc.gov/html/dep/
pdf/natural_gas_drilling/12_23_2009_final_assessment_report.pdf ~ac-
cessed October 30, 2012!.

New York State Department of Environmental Conservation ~NYS DEC!.
2011, September. Revised Draft Supplemental Generic Environmental Im-
pact Statement on the Oil, Gas and Solution Mining Regulatory Program:
Well Permit Issuance for Horizontal Drilling and High-Volume Hydraulic
Fracturing to Develop the Marcellus Shale and Other Low-Permeability Gas
Reservoirs. NYS DEC, Albany, NY. Available at http://www.dec.ny.gov/
energy/75370.html ~accessed August 15, 2012!.

Ohio Department of Natural Resources ~ODNR! Division of Mineral
Resources Management. 2008, September 1. Report on the Investigation of
the Natural Gas Invasion of Aquifers in Bainbridge Township of Geauga
County, Ohio. ODNR, Columbus, OH, 153 pp. Available at http://
s3.amazonaws.com/propublica/assets/natural_gas/
ohio_methane_report_080901.pdf ~accessed October 30, 2012!.

O’Rourke, D., and S. Connolly. 2003. Just oil? The Distribution of Envi-
ronmental and Social Impacts of Oil Production and Consumption. An-
nual Review of Environmental Resources 28:587–617. Available at http://
www.annualreviews.org/doi/full/10.1146/annurev.energy.28.050302.105617
~accessed October 30, 2012!.

Osborn, S.G., A. Vengosh, N.R. Warner, and R.B. Jackson. 2011. Methane
Contamination of Drinking Water Accompanying Gas Well Drilling and
Hydraulic Fracturing. Proceedings of the National Academy of Sciences,
USA 108~20!:8172–8176.

364 Environmental Practice 14 (4) December 2012



Park, M., and P.A. Stokowski. 2009. Social Disruption Theory and Crime
in Rural Communities: Comparisons across Three Levels of Tourism
Growth. Tourism Management 30~6!:905–915.

Pennsylvania Department of Environmental Protection ~PA DEP!. 2010,
17 September. DEP Monitors Stray Gas Remediation in Bradford County
Requires Chesapeake to Eliminate Gas Migration. Press release. PA DEP,
Harrisburg, PA. Available at http://www.portal.state.pa.us/portal/server.pt/
community/newsroom/14287?id514274&typeid51 ~accessed August 15, 2012!.

Perry, S.L. 2012. Development, Land Use, and Collective Trauma: The
Marcellus Shale Gas Boom in Rural Pennsylvania. Culture, Agriculture,
Food, and Environment 34~1!:80–90.

Revesz, R.L. 1999. Environmental Regulation, Cost-Benefit Analysis, and the
Discounting of Human Lives. Berkeley Program in Law and Economics,
Working Paper Series. University of California, Berkeley, CA, 152 pp.
Available at http://escholarship.org/uc/item/57q8284f ~accessed May 11,
2012!.

Rowe, G., and L.J. Frewer. 2000. Public Participation Methods: A Frame-
work for Evaluation. Science, Technology, & Human Values 25~1!:3–29.

Sagan, L.A. 1972. Human Costs of Nuclear Power. Science 177~4048!:487–493.

SAIC Energy, Environment & Infrastructure, LLC, and Groundwater &
Environmental Services, Inc. 2011, August 30. Atgas Investigation Initial
Site Characterization and Response, April 19, 2011 to May 2, 2011, Atgas
2H Well Pad Permit No. 37-015-21237 Leroy Township, Bradford County,
PA. Chesapeake Appalachia LLC, Harrisburg, PA, 179 pp. Available at
http://www.chk.com/news/articles/documents/atgas_initial_site_
characterization_report_final_08292011.pdf ~accessed October 29, 2012!.

Sen, A. 2000. The Discipline of Cost-Benefit Analysis. Journal of Legal
Studies 29~S2!:931–952.

Smith, M.D., R.S. Krannich, and L.M. Hunter. 2001. Growth, Decline,
Stability, and Disruption: A Longitudinal Analysis of Social Well-being in
Four Western Rural Communities. Rural Sociology 66~3!:425–450.

Soeder, D.J., and W.M. Kappel. 2009, May. Water Resources and Natural
Gas Production from the Marcellus Shale. Fact Sheet 2009-3032. US Geo-
logical Survey, US Department of the Interior, Washington, DC, 6 pp.
Available at http://pubs.usgs.gov/fs/2009/3032/pdf/FS2009-3032.pdf ~ac-
cessed May 12, 2012!

States, S., L. Casson, G. Cyprych, J. Monnell, M. Stoner, and F. Wydra.
2011. Bromide in the Allegheny River and THMS in Pittsburgh Drinking
Water: A Link with Marcellus Shale Drilling. In Water Quality Technology
Conference Proceedings, November 13–17, 2011, Phoenix, Arizona, 3 vol-
umes. American Water Works Association, Denver, CO, 266–296.

Urbina, I. 2011. Regulation Lax as Gas Wells’ Tainted Water Hits Rivers.
New York Times, February 26. Available at http://www.nytimes.com/2011/
02/27/us/27gas.html?_r51&ref5drillingdown ~accessed August 15, 2012!.

US Department of Labor ~US DOL!. 2012. Definition of “Trade Secret”
~Mandatory!. In Occupational Safety and Health Standards, Toxic and
Hazardous Substances. 29 CFR §§1910.1200, App E, Subpart Z. US DOL,
Washington, DC. Available at http://www.osha.gov/pls/oshaweb/owadisp.
show_document?p_table5STANDARDS&p_id510104 ~accessed October
29, 2012!.

US Energy Information Administration ~US EIA!. 2012. Glossary: Uncon-
ventional Oil and Natural Gas Production. US EIA, Washington, DC.
Available at http://205.254.135.7/tools/glossary/index.cfm?id5U ~accessed
May 15, 2012!.

US Environmental Protection Agency ~US EPA!. 2000, July 24. Proposed
Coalbed Methane Study Design: An Investigation to Determine the Risks to
Underground Sources of Drinking Water Associated with the Hydraulic
Fracturing of Coalbeds for Methane Gas Recovery. EPA 816-K-00-007. US
EPA, Washington, DC, 6 pp. Available at http://www.epa.gov/safewater/
uic/pdfs/cbmstudy_attach_uic_draft_study_design.pdf ~accessed August
15, 2012!.

US Environmental Protection Agency ~US EPA!. 2004. Evaluation of
Impacts to Underground Sources of Drinking Water by Hydraulic Frac-
turing of Coalbed Methane Reservoirs. EPA 816-R-04-003. US EPA, Wash-
ington, DC. Available at http://water.epa.gov/type/groundwater/uic/class2/
hydraulicfracturing/wells_coalbedmethanestudy.cfm ~accessed August 15,
2012!.

US Environmental Protection Agency ~US EPA!. 2011, November. Plan to
Study the Potential Impacts of Hydraulic Fracturing on Drinking Water
Resources. EPA/600/R-11/122. Office of Research and Development, US
EPA, Washington, DC, 190 pp. Available at http://www.epa.gov/hfstudy/
HF_Study__Plan_110211_FINAL_508.pdf ~accessed May 14, 2012!.

US Environmental Protection Agency ~US EPA!. 2012a, updated July 31.
Risk Assessment: Basic Information. US EPA, Washington, DC. Available at
http://www.epa.gov/risk/basicinformation.htm#arisk ~accessed August 15,
2012!.

US Environmental Protection Agency ~US EPA!. 2012b. Statutory Author-
ities for Economic Analysis. National Center for Environmental Econom-
ics, US EPA, Washington, DC. Available at http://yosemite.epa.gov/ee/
epalib/riaepa.nsf/ed707b14c8d6325e852565a500501ed4/3463b8b2673e1f0c
85256757006efa55!OpenDocument ~accessed August 19, 2012!.

Warner, N.R., R.B. Jackson, T.H. Darrah, S.G. Osborn, A. Down, K. Zhao,
A. White, and A. Vengosh. 2012. Geochemical Evidence for Possible Nat-
ural Migration of Marcellus Formation Brine to Shallow Aquifers in
Pennsylvania. Proceedings of the National Academy of Sciences, USA
109~30!:11961–11966.

Wilson, J.M., and J.M. VanBriesen. 2011. Use of Br:Cl Ratios to Track
Sources of Total Dissolved Solids in the Monongahela River Basin. Geo-
logical Society of America Abstracts with Programs 43~1!:154.

Witter, R., L. McKenzie, M. Towle, K. Stinson, K. Scott, L. Newman, and
J. Adgate. 2010. Health Impact Assessment for Battlement Mesa, Garfield
County Colorado. University of Colorado Denver, Colorado School of
Public Health, Denver, CO, 157 pp. Available at http://www.garfield-county.
com/public-health/documents/1%20%20%20Complete%20HIA%20
without%20Appendix%20D.pdf ~accessed October 29, 2012!.

World Health Organization ~WHO!. 2004. Trihalomethanes in Drinking-
Water: Background Document for Development of WHO Guidelines for
Drinking-Water Quality. WHO/SDE/WSH/03.04/64. WHO/Sustainable
Development and Healthy Environments ~SDE!, Geneva, 49 pp. Avail-
able at http://www.who.int/water_sanitation_health/dwq/chemicals/en/
trihalomethanes.pdf ~accessed October 29, 2012!.

Zartarian, V.G., B.D. Schultz, T.M. Barzyk, M. Smuts, D.M. Hammond, M.
Medina-Vera, and A.M. Geller. 2011. The Environmental Protection Agency’s
Community-Focused Exposure and Risk Screening Tool ~C-FERST! and
Its Potential Use for Environmental Justice Efforts. American Journal of
Public Health 101~S1!:S286–S294.

Submitted May 15, 2012; revised August 14, 2012; accepted August 20, 2012.

Societal Costs of Unconventional Oil and Gas Exploration and Production 365


