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H I G H L I G H T S

• Little is known about research or
policy needs in isolated, rural energy
regions.

• We provide farmer and rancher per-
spectives on impacts from a major
shale oil boom.

• Perceived impacts do not relate to
actual footprint (land area) under
easements.

• Residents concerned more about rev-
enue and social impacts, not restora-
tion science.

• Local attitudes might improve
through trust in regulators, better
corporate relations.
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A B S T R A C T

Ecosystems worldwide have been subject to new or intensified energy development facilitated by technolo-
gies such as horizontal drilling and hydraulic fracturing, activity that has generated concern for air, water,
biotic, and social resources. Application of these technologies in the development of the Bakken oil patch has
made it one of the most productive petroleum plays in North America, causing unprecedented landscape
industrialization of otherwise rural, agricultural counties in western North Dakota. The region is isolated,
and development impacts have not been well-studied. To identify concerns of citizens of the Bakken and
determine how research and policy might support them, we conducted a two-part study: First, we held focus
groups with resource management and community leaders in three major oil-producing counties. Second,
we used an outline of the major concerns expressed by focus group members as a survey for landowners and
farm/ranch operators. We found little relationship between survey respondents’ reported categorization of
energy impacts and actual land area impacted, suggesting factors such as attitude towards development,
degree of compensation, and level of disturbance are relevant. Landowners agreed with focus groups on
the nature of relationships between energy companies and locals and development impacts on infrastruc-
ture and communities; those reporting greater impacts tended to agree more strongly. But many specific
problems described in focus groups were not widely reported in the survey, suggesting energy-community
relationships can be improved through state-level public policy and respect from energy companies for
locals and their way of life. Consideration of these concerns in future energy policy—both in the Bakken and
worldwide—could reduce social tension, lessen environmental impact, and increase overall social, economic,
and environmental efficiency in energy development.
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1. Introduction

Environmental managers around the globe have been dealing
with a recent boost in fossil energy extraction from two techno-
logical developments—horizontal drilling and hydraulic fracturing,
colloquially known as “fracking”—which together allow the develop-
ment of “unconventional resources”, or fossil energy deposits from
which petroleum could not be easily extracted via the shallow,
vertical drilling technology that characterized terrestrial oil produc-
tion through most of the 20th century (AER, 2016; Jackson et al.,
2014). The fastest-growing unconventional resource in the United
States—and an important resource world-wide—is oil and natural
gas from shale rock formations, or plays (EIA, 2014). In the United
States, technically-recoverable shale oil amounts to at least 58 billion
barrels, or 26% of domestic technically-recoverable oil (EIA, 2014). In
2015, approximately 4.9 million barrels of shale oil were produced in
the U.S. alone, constituting ca. 52% of domestic crude oil production
(EIA, 2016).

Extracting oil from shale depends on hydraulic fracturing, but
many communities view the technology and its attendant develop-
ment with skepticism due to concerns over air and water pollution,
harm to biodiversity, and social transformation. (Howarth et al.,
2011). Shale oil is also known as “tight oil” but high-pressure fluids
break up the shale, increase pore space, and allow oil and gas to
escape and flow (AER, 2016; Jackson et al., 2014). The primary public
concern with hydraulic fracturing is the potentially toxic mix of
chemicals that, along with sand and fresh water, comprise the frac-
turing fluid; the tendency of industry to not disclose the chemical
composition serves only to fuel concern (Colborn et al., 2011). There
are also concerns with wastewater, which contain extremely high
levels of sodium and chloride, are persistent in the environment
when spilled, and can harm livestock (Bamberger and Oswald, 2012;
Daigh and Klaustermeier, 2016; Lauer et al., 2016; Vengosh et al.,
2014).

Unconventional resource development raises a host of other con-
cerns, and—it must be mentioned—a host of potential benefits. Aside
from potential impacts on water quality, hydraulic fracturing places
huge demand on water availability: mean water use per well in
the Barnett Shale, Texas, was about 4 Mgal in 2010 and across all
wells summed to nearly 10% of water used by the City of Dallas
that year (Nicot and Scanlon, 2012). Nationally, developing a single
well for unconventional resources requires an average of 2206 truck
trips over a two-month period (Felsburg Holt & Ullevig, 2013), which
contributes to dust, traffic safety, and road condition concerns. On
the social side, market volatility and rapid industrialization can
disturb local economies, especially in the absence of robust gover-
nance and revenue structures (Jacquet, 2014). Likewise, an influx
of outsiders can disrupt interpersonal social relationships and even
individual identities (Filteau, 2015; Jobes, 1987; Smith and Krannich,
2000). Aside from the financial benefits of local economic boosts and
increased state revenue associated with any development of natural
resources, potential benefits of modern shale oil extraction technolo-
gies include concentrating well heads on fewer pads and accessing
resources horizontally underground, which theoretically reduces the
surface footprint of oil production. Furthermore, data from some
plays indicate developing unconventional resources generates less
wastewater than conventional operations per energy unit extracted
(Lutz et al., 2013).

Despite the development of shale oil across the U.S., environ-
mental managers and researchers have focused on those plays near
human population centers and have largely overlooked plays like
the Bakken formation, one of the country’s top producers. Much of
the Bakken lies below rural western North Dakota, which through
the twin technologies of horizontal drilling and hydraulic fracturing
has become the second-highest oil-producing state behind Texas and
has produced over 1 million barrels of oil per day since May 2014

(Fig. 1). And although Texas produces over three times more crude
oil than North Dakota, Texas oil production is spread widely across
the state, while approx. 90% of North Dakota’s crude oil has come
from just four rural northwestern counties, drawn primarily from the
Bakken formation (Fig. 2). Such well density concentrates energy-
related activity to a degree likely unknown in the U.S. but the social
and geographical distance of western North Dakota from urban areas
and research institutions has left both social and environmental
dynamics of Bakken development relatively unstudied.

Intensification of both oil production and agriculture over the last
decade raises concern about the impact of Bakken development on
the management of other environmental resources. While western
North Dakota has produced oil since 1951 (Anderson, 2009), it
has maintained the identity of a small-town, primarily agricultural
region. But alongside the Bakken oil boom, agriculture has itself
intensified since about 2006, with substantial area of pasture
and rangeland converted to row crop production and traditional
rotations of small grains and pulse crops giving way to corn
(maize) and soybeans (Johnston, 2014; Wright and Wimberly, 2013).
Such intensification increases the value of farmland and agricul-
tural products; increases the need for, cost, and associated risk of
inputs; and generally increases competition between farming and
energy production—shale formations underlie many agriculturally-
important states and across the central U.S. an area equivalent to
approx. 6% of 2013 wheat production was occupied by oil and gas
development, productivity losses that are long-term if not perma-
nent (Allred et al., 2015; Hitaj et al., 2014). Social consequences of
the Bakken oil boom are complex, with both positive and negative
impacts on quality of life in oil-impacted communities; as a result,
attitudes towards energy development in the region are also com-
plex and many residents stress the importance of security and robust
public services (Fernando and Cooley, 2015, 2016). But perceptions
of energy impacts on agricultural and natural resources from the
perspective of landowners and agricultural operators in the Bakken
have not been studied.

Balancing the complex needs of environmental protection; rural
livelihoods and quality of life; and sustainable natural resource
development is a challenge for environmental managers. But
researcher presence in the Bakken has been lacking, perhaps owing
to the great geographical and social distance between the Bakken
and regional research universities and policymakers. Here we report
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Fig. 1. Crude oil production for Texas and North Dakota—the top two oil-producing
states in the U.S.—given as millions of barrels of oil per day.
Source: U.S. Energy Information Administration.
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