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PREFACE

The Horinko Group established a mentor-protégé program, Mentoring Environment & Energy
Together (MEET), in conjunction with the Oklahoma Department of Environmental Quality (OK DEQ)
to provide personal and professional growth opportunities as well as environmental-energy
education. MEET’s pilot project consisted of a diverse group of young professionals in the greater
Oklahoma City, Oklahoma area.
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PURPOSE

The purpose of this report is to facilitate effective and constructive communication between local and
community level stakeholders, including public, government, and industry members, by describing the
relationship between stakeholder decisions and potential community benefits and costs associated
with U.S. unconventional oil and gas development. This report is intended to be general in nature and
focus on the local factors that should be understood and considered by stakeholders during decision-
making processes with the goal of long-term community well-being.

SCOPE

The focus of this descriptive summary is the potential community-level economic, environmental,
health, and social impacts associated with unconventional oil and gas development. In addition, the
relationships between stakeholders, actual and potential impacts, as well as associated key factors are
presented. This report is not intended to provide prescriptive recommendations regarding regulatory
requirements and/or industry practice. Instead, it highlights key considerations that communities
near oil and gas development should review. It is important to address these considerations in the
context of local conditions and community values. Global, national, and state-level decisions and
consequences have been intentionally excluded from the scope of this document; however, the
document does present a framework that can be applied at the community level throughout the U.S.
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BACKGROUND

Unconventional oil and gas development is a complex issue involving multiple stakeholders with
various perspectives. This section provides a brief description of three primary frameworks
referenced throughout this document that help to put discussions about oil and gas development and
community decisions in context: Risk Management, Oil and Gas Life Cycle, and Community
Frameworks.

Risk MANAGEMENT FRAMEWORK

Risk may be defined as the potential to achieve an undesirable outcome. An important distinction
should be made between ;,0,1<4 and 1"4E4. A ;,0,1<is a source of danger or ability to cause a non-
desirable outcome, while a 1'4E is the chance that the hazard will actually cause harm or a non-
desirable outcome. For a chemical, the ;,@,1<is defined by the characteristics that make the
chemical dangerous or able to cause harm, and the 1'4E is the likelihood that a human or
environmental receptor would be exposed to this chemical and the associated severity of harm.
Management of risk is a part of daily decision-making, on issues both small and large. In business and
communities, stakeholders generally make decisions to increase economic, environmental, health,
and social benefits, and there are 1'4E4 associated with achieving each of these benefits.

A general structure that can be used to communicate risk is shown below in Figure 1. The structure
has four components: ;,0,1<4, $6$./4, (0.4$G2$. ($44 and =,11"$14.

Barriers Barriers

Hazard I I I I > Event I I I I S

Figure 1: General Risk Structure

As previously stated, the ;,0, 1<iis the source of danger or potential to not achieve a desired outcome.
An incident that fails to achieve the desired outcome or results in the loss of control of a ;,0,1<is
referred to as an $6$./. The magnitude of the (0.4$G2$. ($4 (or impact) associated with a particular
$6%. /ican vary significantly. H,11"$14 include engineered, administrative, and other types of controls
that prevent an $6$./ from occurring or minimize the severity of the event’st(0.4$G2$. ($.

Consequence
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Before expanding on this general risk framework, a practical example may be helpful:

Desired Outcome: Get from point A to point B in a vehicle safely and without damage to
property.

Hazard: An object, situation, or characteristic that could lead to a vehicle accident,
such as a tire on the road or a thunderstorm.

Risk:i b The potential of the ;,@,1< to cause a vehicle accident and thereby cause
personal harm or property damage.

Barrier(s): Regulations requiring driver license to operate vehicles; regulations
prohibiting texting and driving; rear and side view mirrors;
signals/blinkers; brakes; traffic signs/lights; street lights; speed limits;
road/highway construction regulations and practices; vehicle
maintenance; etc.

Event: Vehicle accident.

Barrier(s): Seatbelt; airbags; vehicle engineering (e.g., impact rating); insurance;
emergency response; etc.

Consequence: Can vary from elevated blood pressure to loss of life; from a scratched
paint job to total vehicle loss.

The individual or entity evaluating risk decides which ;,0,1<4, $6$./4 and (0.4$G2$. ($4 are of
interest. Defining the perspective and type of 1'4E (economic, environmental, health, etc.) that is
under evaluation is critical. Significant confusion among stakeholders can occur when there is not an
appropriate level of problem formulation and definition provided. In addition, an extremely
important aspect of 1"4E4(; ,1, (/$1'0,/'0. is the appropriate articulation of the likelihood and
magnitude. Utilizing only the qualitative existence of a ;,@, I<ito make decisions, without the context
of existing barriers, may lead to other unintended ; ,@,1<4. For example, an unnecessary regulation or
all-out ban on oil and gas development would limit a community’s potential economic, environmental,
health, and social benefits. On the other hand, prudent regulations developed based on sound
science and risk principles are effective =,11"$14 to unnecessary (0.4$G2$. ($4.

Risk management is a complex and iterative process. Unconventional oil and gas development
stakeholders have varying degrees of responsibility associated with mitigating environmental, health,
social, and economic risks to the lowest reasonably practicable levels. Additional resources regarding
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the application of a risk management framework for policy and decision-making are publically

available, and communities are encouraged to use this type of approach in decision-making."*>

OIL AND GAS LIFE CYCLE FRAMEWORK

U.S. oil and gas development has continuously evolved since 1859 when Edwin Drake drilled the first
oil well at 69.5 feet in Titusville, Pennsylvania. Legal, regulatory, technological, commercial, and
political changes have led to the current trend towards unconventional oil and gas development. In
order to understand the process of unconventional oil and gas development in a community, it is
important to understand terminology for the development life cycle. This section attempts to
describe U.S. oil and gas development in general terms from both macro (i.e., play) and micro (i.e.,
well) perspectives. Both of these perspectives are critical components of the oil and gas life cycle
framework. The development life cycle may vary substantially from one play or well to another,
because there is considerable variation in hydrocarbon-bearing geological formations and other local
conditions. The simplest example of this variation is the range of hydrocarbons, which may be
present: gas, natural gas liquids, and oil.

3IDIHK*& 181+

Community Engagement

Community outreach and engagement is an important aspect of a play life cycle. In determining the
timing of surface owner and community outreach, operators typically consider community values,
obligations to shareholders, uncertainty of current information, and other relevant factors. If the oil
and gas operators do not initiate community outreach, the community may want to reach out to the
operator to show stakeholder interest and request increased community engagement. The spatial
boundaries of a play vary and are not typically confined to a single community. Communities may
wish to collaborate with one another, especially by sharing lessons learned regarding their oil and gas
development experience. There is no one-size-fits-all community engagement strategy; however,
early engagement is typically favorable for all stakeholders. The operator engagement process should
take place throughout the play life cycle, and the frequency of this engagement is usually based on
the level of upcoming oil and gas activity and genuine stakeholder interest.

! National Research Council, L.<$14/, .<". 8IM'4EM.#01—". 810$("4'0 . 4¢".4,40$—0(L, /"(4PO("$/" (Washington, DC: The
National Academies Press, 1996).

> "The History of Risk at EPA,"{U.S. Environmental Protection Agency, 31 Jul 2012,
http://www.epa.gov/risk_assessment/history.htm.

® National Research Council, 32=)"(43,1/"("5,/'0 4" 4*_6"10. —$_/, )iD44$44—$ . /h, .<tO$("4'0.%7 ,E".8, (Washington, DC: The
National Academies Press, 2008).
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Prospect Generation

The earliest phase of play development is referred to as “prospect generation” or a “geological
evaluation.” This phase of development is considered extremely proprietary because corporations
invest a significant amount of capital in collecting existing data (e.g., historic well data) and new data
(e.g., 2D/3D seismic, cores, etc.), and in calculating resource potential, with the desired outcome of
realizing a return on this investment for their owners or shareholders. After a geological evaluation
has been performed, a company may choose to proceed with leasehold acquisition. This decision is
partly based on the prospect and on finite corporate resources, but other potential opportunities
factor in as well. For a community, it is important to note that although a company is drilling
exploratory wells in the area, a leasehold acquisition or royalty-generating wells is not a guarantee.
The timing and magnitude of leasehold acquisition from private citizens or local, state, federal, or
tribal government mineral right owners varies among companies. Corporate acquisitions are
sometime utilized to obtain valuable prospects.

Infrastructure

The infrastructure associated with the full development of a play can require significant upfront costs.
These costs are not only limited to the financial investment by the exploration and production (E&P)
companies, but also include environmental costs, or impacts. For example, the land and surface
disturbances associated with building a pipeline have environmental impacts. In some cases,
operators enter into agreements with communities when they plan to make extensive use of existing
infrastructure (e.g., road use and maintenance agreements [RUMA]).

The uncertainty associated with a prospect typically requires the drilling and completion of
exploratory wells prior to the installation of large-scale infrastructure. Operational flexibility during
the exploratory phase of development allows for the collection of information vital to planning for the
potential full development of a play. Exploration activities may not be indicative of a full play
development in the future. Exploration wells are permitted, designed, and constructed in a safe and
effective manner, but the particular practices employed may differ from those utilized during the full-
scale development phase of a play. For example, a greater amount of truck traffic may be necessary
to manage fluids for a single isolated exploratory well because the construction of transportation
infrastructure may not be justified until information collected from the well ensures future
production. In addition to informing economic decisions, the information collected from exploratory
wells is also used for engineering calculations during the design of long-term infrastructure.

Based on the information gathered during the exploration phase of the play, operators work with
stakeholders at various levels to develop a plan for well sites including the associated infrastructure
and necessary resources. It is important for a community to be actively engaged early on in the
process. This allows collaboration on both sides for planning, as outlined in this document.
Infrastructure may include pipelines (i.e., oil, gas, freshwater, produced water), electrical distribution,
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disposal wells, water treatment facilities, roads, pads, and impoundments (i.e., freshwater, produced
water). In addition, existing resource (freshwater, landfill capacities, etc.) limitations are assessed and
the required authorizations or rights are obtained. The prospect and planning process typically lasts
one to three years.

Appraisal

The duration of the appraisal phase of development varies based on the size of the play and the
available resources; however, this phase generally takes two to five years. The appraisal phase
includes the drilling and completion of confirmation/exploratory wells and delineation of the
prospective fairways or productive areas. Continuous improvement in efficiency is the objective
throughout the play’s life cycle, and therefore, resource development plans continuously change to
reflect improvements in information and practices. The appraisal phase of development focuses on
holding leases by production (HBP)4; refining techniques for drilling, completion, and production; and
constructing necessary infrastructure.

Development

The duration of the development phase of the play varies based on the size of the geologic horizon
and the available resources; however, this phase generally takes five to ten years. By the end of this
phase of the life cycle, a majority of the infrastructure is in place because one or more wells have
been drilled, completed, and are being produced on a pad to hold the lease or drilling unit. New wells
can be constructed using existing access and pads as well as horizontal drilling technology, with a
relatively low amount of new disturbance. This is typically referred to as infill drilling.

Production

The duration of the production phase of the play varies based on the amount of hydrocarbon
resources in place; however, this phase usually lasts 10 to 40 years. During this phase, the majority of
activity is associated with monitoring and maintaining wells to ensure their long-term asset integrity.
Achieving the maximum hydrocarbon recovery is aligned with stakeholder-desired outcomes because
it maximizes the return (e.g., royalties) on private and community investments. At the end of the play
life cycle, the wells are plugged and abandoned, and unnecessary infrastructure is decommissioned.

4 Operators are bound by lease agreements to produce mineral resources in a timely manner. George Bibikos, “A Review
of the Implied Covenant of Development in the Shale Gas Era,” Q$4/iR"18".",4!, BiM$6"$B, 115 (2013): 949-974, SOUT, /$4h
http://www.klgates.com/files/Publication/b44b5fb6-7334-4aba-ad2c-
2c351a85c458/Presentation/PublicationAttachment/50ff72f7-a5eb-4982-9daa-

2dc1829dc159/Review_of the Implied Covenant of Development.pdf.
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Figure 2: Approximate Play Life cycle Timeline
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This section focuses on the activities directly associated with a single well site.

Planning & Permitting

Planning and authorization is necessary prior to the construction of roads, pads, and oil and gas wells.
A comprehensive list of all local, state, and federal regulations and permits required for oil and gas
development is beyond the scope of this document. However, it is worth acknowledging that state
governments have led the management of oil and gas activity, and communities should work closely
with state regulators to understand existing requirements and participate in existing public
notification and commenting processes.

Construction

Pad, road, and infrastructure construction are the largest contributors to surface disturbance
associated with unconventional oil and gas development. The methods utilized for oil and gas
construction are similar to those used by the community and other industries. Drilling pads typically
range in size from one to five acres depending on the needs and phase of development at the site.
The pad size is not arbitrary; there needs to be sufficient space on the pad to operate safely. Buffer
areas and setbacks are used to separate the operation from surrounding wildlife, crops, and/or
residents. Roads are designed to meet the appropriate standards for the intended use, while
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minimizing impacts to cultural, scenic, biological, and other environmental resources. Access to public
utilities is arranged with local utility companies based upon the needs of the operator and the
availability of resources. If interim reclamation is conducted properly, scenic and habitat vegetation is
restored while the well produces energy. Areas not needed for the production would then be
reclaimed, reshaped, covered with topsoil, and reseeded with native plants.

Drilling & Well Construction

01")".8:1"84 are used to access oil and gas reservoirs and allow a pathway for the extraction of fossil
fuels. This process is temporary, highly coordinated, and very costly. Therefore, optimization of time
is essential, and drilling typically involves 24-hour operation. Continuous drilling also provides greater
integrity in the wellbore, reducing the risk of problems. The time required for drilling an oil or gas well
is highly variable and is based on the geology of the area, rig capabilities, depth and size of the hole,
supply management, <0B. ;0)$ information, logging procedures, weather, seasonal changes, and any
issues encountered during drilling. Drilling a single well might take anywhere from ten days to five
months.

Modern drill rigs can use electricity, natural gas, or diesel fuel to supply the power to turn the bit and
raise and lower the drill pipe and casing. In areas where electric utility infrastructure is unavailable or
does not have the capacity to support drilling operations, power generators typically run on diesel
fuel. Oil and gas operators, however, are moving toward using natural gas when feasible.

Operators first drill a hole to a required minimum distance below the deepest registered domestic
water well or drinking water aquifer in the area and follow a standard (,4".8%nd cementing
procedure for 421#, ($4(,4".8 installation. Intermediate and production casing that keeps the hole
open so that oil and natural gas can be brought to the surface are used in the deeper parts of the well.
As the drill bit cuts into the rock, <1")i—2< is added to the hole. The mud helps cool the drill bit,
maintain the wellbore integrity, and is circulated to bring (2//".84—rice-size formation particles—to
the surface. In addition, the weight of the drilling mud is a critical safety barrier that counteracts the
pressure of any gas or fluids encountered in the subsurface and prevents loss-of-control or “=)0B#02/”
events from occurring.

To reduce waste, the drilling mud is passed through a sieve where the cuttings can be removed, and
the mud is recycled back into the hole. Cutting management and disposal is an important aspect of
the drilling and well construction process. See section “Land” in “Environmental and Health” for more
information.

Residual natural gas may occasionally be present in the drilling fluid returning to the surface. If
present at high levels, the gas needs to be removed. A vessel or tank called a “gas buster” separates
the gas from the fluid. The fluid is recirculated into the drilling process, and the gas is piped to a flare
for combustion, which is located at safe distance from the public and the process equipment.

Page |8



Rock and fluid properties are important characteristics in determining how much oil and natural gas
can be recovered from a reservoir. These characteristics are evaluated both during drilling and prior
to completions. Methods used include analysis of the drilling fluid and cuttings, core samples, logging,
and well testing.

Completion

If the potential value of the recoverable oil and natural gas is greater than the cost of drilling and
producing the hydrocarbons, wells are “(0—5)$/$<” for production once drilling operations have
finished. If not, the well is “5)288%<#, .<i,=, .<0.$<” in accordance with regulations, and the site is
restored.

Once a well has been drilled and casing set, it is necessary to make a connection between the
wellbore and the formation through the casing. This is done by running 5$1#01,/'0.482 .4 which use
small charges to perforate a small hole in the casing, providing the first connection between the
wellbore and the formation through the casing. Q$)4/'—2),/'0. follows perforation to increase the
flow into the well. The technique varies based upon the characteristics of the rock or geology.
D('<'0".8 and ;"<1,2)"'(#1, (/21".8 are the most common types of well stimulation. 7 ,/1"+, ("<"(".8
uses lower pressure acid pumping to penetrate the formation without fracturing. This process is
usually done to remove damage from the drilling or completion process near the wellbore, mainly in
sandstone formations. D("<#1, (/21".8 creates a permeable flow path for hydrocarbons by injecting
acid at a rate higher than what the matrix or formation can accept, resulting in fractures.

V*<1,2)'(#1, (/21".8 creates and/or extends fractures from the perforation tunnels deeper into the
formation, increasing the surface area for formation fluids to flow into the well. The process uses
liquids to create fractures in the rocks and has been used for over 60 years and in more than one
million wells. Horizontal hydraulic fracturing has become common practice in the last 10 years, and a
majority of the oil and gas wells currently drilled in the U.S. utilize this process. Fractures are driven
by fluid and pressure and extend into the targeted rock formation. The fracture width is typically
maintained after the injection by introducing a 51055, ./ into the injected fluid. 31055, ./isa
material, such as sand, which prevents the fractures from closing when the injection is stopped. This
process is commonly applied to wells drilled in tight, or low-permeability, reservoirs, which are not
naturally permeable enough to provide sufficient flow to the wellbore to produce at economic rates.
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Figure 3: Common Hydraulic Fracturing Equipment (Citadel Energy)

The composition of stimulation additives—many ingredients of which are also found in common
household products (e.g., hydrochloric acid is used in cleaners)>—are known and disclosed to varying
degrees. FracFocus (fracfocus.org) is the best data source for hydraulic fracturing fluid and additive
composition data.® Material Safety Data Sheets (MSDS) contain information that is necessary to
understand the potential health and safety hazards of additives and other industrial chemicals. The
ultimate goal of all aspects of oil and gas development, including hydraulic fracturing, is to recover
hydrocarbons in the most efficient manner possible.

During completion, stimulation, fracturing, and BOIEO6$1%, (/"6"/'$4, both water naturally occurring in
the reservoir and water used in operations are produced from the well. The recovery volume of
injected fluids varies greatly over North American oil and gas production, ranging from only a few
percent to 100% of the volume injected into the wellbore. The amount of water recovered depends
largely on the characteristics of the rock in which the hydraulic fracturing takes place. Disposal and
reuse options for produced water are discussed in the “Environmental and Health” section of this
document.

> Stephen Holditch, “Hydraulic Fracturing: What is it? How can we do it safely?,” Presentation, 10 Apr 2012,
http://www.same-satx.org/briefs/120410-holditch.pdf.
e FracFocus.org listed 62,887 Disclosed Reports and 745 Participating Companies as of January 2, 2014.
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Production

Production is the longest phase of a well life cycle. When a well is placed into production, the
hydrocarbons are transported to market via trucks or pipelines. The pad size can be reduced and the
unused area restored if there are not subsequent wells planned for the site. Restoration of the pad
site prior to complete development would result in unnecessary impacts to the community, because it
requires future surface disturbance. The equipment required during the production phase includes,
but is not limited to, the wellhead, piping, separators, tanks and flares. Additional equipment may be
necessary depending on the type of hydrocarbons present and the process conditions.

Conventional or standard oil and gas well extraction in North America commonly involves three
production techniques: primary, secondary, and enhanced recovery. These are not always used
sequentially and have historically focused on the production of oil due to its higher market value
relative to natural gas. Typically, during initial production or 51"—,1"11$(063$1", the natural pressure of
the reservoir is adequate to produce or remove approximately 10 percent of the original
hydrocarbons in place. As the field ages and natural reservoir pressure drops, primary recovery
ceases or becomes uneconomical. P$(0.<,1"11$(06%$1" involves injecting water or gas into the
reservoir to increase the reservoir pressure and continue to drive the hydrocarbon to the wellbore.
This technique can increase the life of a field and has historically improved oil recovery by 20-40% of
the original production. The third technique, "—5106$<t011$. ; , . ($<i1$(063$1", increases the mobility
of the hydrocarbon with the addition of energy using mass and/or heat transfer and has historically
increased production by 30-60% or more of the oil in place in a field. By reducing the viscosity of the
oil, enhanced recovery techniques allow it to flow more readily to the wellbore.

Plug & Abandoning
Once production at a well drops off enough to become uneconomical, the surface equipment is
decommissioned, and the well is plugged and abandoned according to state regulations.

Restoration

Complete restoration of well sites and infrastructure is conducted after the well is plugged and
abandoned. In some cases landowners and/or communities have requested the transfer of
infrastructure (e.g., freshwater rig supply wells and impoundments) ownership.
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COMMUNITY FRAMEWORK
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While each community differs in terms of its government structure and hierarchy, most every
community is governed by a council and a mayor or council president. The policy making process is
often thought to begin at formal city council meetings, where legislators present ideas and propose
ordinances. A large part of the process, however, takes place more informally. Along with the formal
system of elected officials, there are a number of different community figures that play an active role
in shaping policy. These community members can range from religious leaders, to business owners,
to engaged citizens. Legislators listen to these community members and use their input when
attempting to solve problems. When communities decide to work with oil and gas companies, both
the formal and informal policy making processes are at work.

PWLM&*PIWKHUKWM7Z Dz JWUk

There are various sources of information that communities can use to understand the positive and
negative impacts of oil and gas development. These sources have differing credibility, expertise,
goals, focus, and levels of accountability, which contribute to alternate viewpoints and the potential
for bias. Recognizing the potential bias of each source does not necessarily imply that the entities or
individuals involved are intentionally untruthful or misleading, but points out the need for community
members to consult a variety of different sources, ask questions, and think critically to gain a better
understanding of associated development issues. This section will highlight the five most common
sources of information: oil and gas companies, environmental activist groups, government agencies,
community leaders, and independent research studies.

Oil and gas companies vary in sophistication and objectives. Regardless, they can provide
communities with in-depth information about the drilling, completion, and production process, the
planning behind these processes, and what they mean for a community. Because this information
comes from the industry, it carries the benefit of expert knowledge. It is worth noting, however, that
the primary motive of the oil and gas industry is not merely to inform the public. Companies and their
shareholders have business interests and are negotiating with the same communities that they are
informing. In general, corporations intend to have a long-lasting, amenable relationship with the
community; therefore, intentionally providing false, inaccurate, and/or misleading information to a
community is not in their best interest. When requesting information from oil and gas companies, it is
important to be explicit regarding the information and intended use of information.

Environmental activist groups also vary in sophistication and objectives. Regardless, they can provide
communities with information about the potential benefits and hazards associated with

unconventional oil and gas development. Because this information is coming from the environmental
activist groups, it is typically focused on environmental and human health concerns. Information from
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advocacy groups, however, is not always proven by scientific rigor or developed by professional
experts and cannot always demonstrate that documented impacts are actually caused by oil and gas
activity. Although the overall goal of environmental activist groups is the advancement of specific
political goals, intentionally providing false, inaccurate, and/or misleading information to a community
is not beneficial, as it can harm their credibility and ability to influence policy decisions related to
protecting the environment. When requesting information from activist groups, it is important to
examine the sources of the information in order to determine its scientific validity.

Government agencies can provide communities with in-depth information on the rules and
regulations governing oil and gas practices and can offer insight into the experiences of similar
communities. Because this information is coming from the government, it carries the benefit of being
in the interest of informing the public and protecting human health and the environment. This source
of information does not have the same issue of competing business interest or a polarizing agenda;
however, there is still the potential for politics to play a role in the information disseminated from this
source. In addition, government agencies have a variety of levels (i.e., city, town, state, or federal)
and purposes (e.g., environmental, oil and gas, financial, etc.). Environmental agencies are staffed
with experts, but some of these experts do not work solely in the oil and gas field. Instead, they focus
on a large number of industries and issues, from clean water to air quality. Oil and gas agencies
continue to increase their environmental expertise given the public attention on this subject. Itis
important to differentiate between regulatory and non-regulatory government agencies and entities.
A significant amount of information is generated, compiled, or analyzed by regulatory agencies for the
purposes of implementing new rules and regulations. Therefore, in some cases, the information
provided by non-regulatory government entities can present a more independent perspective.

Community leaders—both formal and informal leaders—can provide communities with information
that directly affects and relates to their community. Because this information is coming from
community leaders, it carries the benefit of being local and specific, and usually focuses on the best
interest of the community. These community leaders lived in the community before the oil and gas
entered and will be living in the community afterwards. In addition, these individuals are often
involved in community development projects and negotiating with the industry and therefore have
firsthand knowledge of potential investments and the scope of any project. While local leaders may
have firsthand knowledge, very few are experts in the oil and gas or environmental fields.
Additionally, although information from community leaders may be locally focused, it is largely
derived from the other sources, rather than being truly independent.

Independent researchers can provide communities with information on specific aspects of the oil and
gas development processes and on environmental and health effects of specific chemicals and
contaminants of concern. Because this information is coming from universities or research institutes,
it carries the benefit of being expert knowledge in the area of that research and may be less biased

Page |13



than other sources. Like many sources of information, individual in-depth studies may only be
applicable to one location, situation and/or discipline, and may not be relevant to a specific
community’s situation. Additionally, research studies are usually geared toward other researchers
and not intended as outreach material, thus their implications and limitations may be too technical to
be easily understood.

In conclusion, there are numerous sources of information with varying levels of accuracy and
applicability to community specific issues. It is in a community’s best interest to acquire information
from diverse sources and think critically regarding the intended purpose of the information and
objectives of the sources prior to decision-making; no one source may give a holistic view of an issue.
In addition, communities should consider themselves not as passive consumers of information but as
active participants in the oil and gas development process. Early, frequent, and effective
communication by community members to other stakeholders (e.g., government officials/agencies, oil
and gas companies) is essential if the community is to become an informed participant.
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SOCIOECONOMICS AND PUBLIC PERCEPTION

The socioeconomics impacts and overall public perception of hydraulic fracturing have been a large
part of the unconventional oil and natural gas discussion. The following section will describe some of
the socioeconomic issues that are created or brought to light during this type of development. It will
also spend some time focusing on public perception of hydraulic fracturing, how media coverage
effects the perception, and how facts must be relied upon to overcome potential source bias. The aim
is to give an idea of the overall social environment resulting from the presence of hydraulic fracturing
in a community.

INTRODUCTION: HISTORICAL OIL AND GAS PRODUCTION, BOOM OR BuUST

The state of Oklahoma’s economic success and failure has historically been tied to that of the oil and
gas industry. The first commercial oil well in Oklahoma, the Nellie Johnstone No. 1, was completed in
1897. From that point until 1907, when Oklahoma officially became a state, Oklahoma rose to
become the largest oil-producing region in the world.” Further, between statehood and 1935, a great
oil boom took place in the state, producing more than 8 billion barrels of oil. Between 1918 and 1922
and between 1924 and 1935, Oklahoma produced more than half of all the oil and gas produced in
the entire United States. Much of the oil boom in the early part of the 20th century was tied to
individual discoveries of different oil and gas fields. The Bartlesville-Dewey, Avant, Glenpool, Sho-Vel-
Tum, Cushing, Allen, Healdton, Cement, Hewitt, Burbank, Eola-Robberson, Stroud, Seminole, St. Louis,
Bowlegs, Earlsboro, Little River, Oklahoma City, Crescent-Lovell, and Fitts fields were each discovered
and produced before 1935.2

With this oil boom between 1900 and 1935, each new discovery brought economic development and
wealth to often sparsely settled areas. The impact on individual towns was always different, but
boomtown development generally followed a pattern, as told by Linda Corley:
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’ Dan T. Boyd, “Oklahoma Oil: Past, Present and Future,”fWE), ;0—,%T$0)08"1U0/$4, 62.3 (2002),
http://www.ogs.ou.edu/fossilfuels/pdf/OKQilNotesPDF.pdf, p. 98.

8 “Historical Tour of Oklahoma’s Oil and Gas Industry,” Mid-Continent Oil and Gas Association of Oklahoma,
http://www.okmoga.com/html/tour.php.
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This same pattern was followed over the next two oil booms to come to Oklahoma, the first between
1953 and 1956 and later between 1975 and 1987. It is important, however, to note just how different
these same booms affected different towns and localities near their occurrence, and how actions
taken by those towns transformed temporary oil booms into a lasting and prosperous development.
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Oklahoma is famous for its ghost towns. Given its history as a territory before becoming a state, its
location as a crossroads for rail development, its economic history of agriculture and mining, its
centrality to the Dust Bowl, and its prime location for severe weather, there are a multitude of
reasons why small towns in Oklahoma can spring up and fade away in a short amount of time.'® Few
are more famous, however, than the boomtown gone bust in Whizbang, OK.

Officially known as Denoya, Whizbang was at one time the most dangerous of the boomtowns that
prospered with the discovery of the Burbank Oil Field. Located in Osage county, the town sprang up
in 1921 after a well producing 600 barrels of oil a day was drilled just north of town by E. W. Marland,
later the governor of Oklahoma from 1935 to 1939. As the post office opened and new business
began to move in, the promise of wealth and success from drilling for oil brought into town many
objectionable businesses and individuals, but the town had little infrastructure and famously
ineffective law enforcement to handle the impacts. As a result, shootings were more frequent in
Whizbang, OK than in any other town in the Burbank field area, and the town was neither a safe or
desirable place to live. The bank was robbed twice, and travelers along the road to Shidler, OK were
often robbed as well. As the petroleum reserves began to be exhausted in the early 1930s, and the
Great Depression took hold, the town was abandoned and officially closed in 1942 .M
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Once known as the “Oil Capital of the World,” today, Tulsa is the second largest city in Oklahoma, 46"

largest in the United States, and supports a wide variety of industries from aviation, energy, finance,
telecommunications, and technology. The birthplace of American swing music and Route 66, the city
currently serves as a Midwestern center of art and architecture.” In 1901, however, Tulsa was simply
a small frontier town located on the banks of the Arkansas River when the Sue A. Bland oil well was
drilled in Red Fork, OK, just across the river. As the town began to develop, wildcatters and investors

° Linda A. Corley, 0%, )04, 1V, _<4; ,ESN: ; $IP/01"IO#Q")<(, //". 84, - <W/; $tP$, 1(; OLW"), (Bloomington, IN: AuthorHouse,

2007), p. 20.

19 “0klahoma Ghost Towns,” :1,6$)WSC(0—, Oklahoma Tourism and Recreation Department,

http://www.travelok.com/article_page/oklahomaghosttowns.

" John Wesley Morris, T;04/4:0B . #40#{WE), ;0—,, (Norman, OK: University of Oklahoma Press, 1978).

12 "Tulsa, Oklahoma," Q"E'5$<",, Wikimedia Foundation, 3 Dec 2013, http://en.wikipedia.org/wiki/Tulsa, Oklahoma.
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came in great numbers, and the residents began to recognize a need for investment and development
commensurate with the new attention drawn toward the town. The city contracted to design and
layout streets in 1901, a hospital and nursing school was opened in 1906, and in 1904, recognizing the
need for water for industrial use, Tulsa built a pumping plant to deliver water to the city. Later in
1904, a bridge was built across the river, allowing oil field workers, supplies, food, and equipment to
cross. Then in 1905, the Glen Pool oil field was discovered, which opened the door for Tulsa to
become home to many prominent oil and gas business. This discovery, and the steps Tulsa took to
embrace and prepare for development, cemented Tulsa as a center for business in Oklahoma for
years to come.

The two examples of Whizbang and Tulsa provide extreme examples of the potentially positive,
neutral, and negative impacts oil and gas development can have on a particular location and its
residents. These examples serve as models for understanding the importance of proper planning and
infrastructure, and the interrelatedness of individual impacts from development.
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With the combination of hydraulic fracturing and newly developed horizontal drilling techniques,
many oil fields that were previously not economical in Oklahoma are experiencing significant renewed
development and success. This has brought and will continue to bring residents, businesses,
economic development, and challenges to many Oklahoma towns across the state. The discussion in
this section focuses on the economic impacts a town may experience due to oil and gas development
and on how a community can best leverage the positive impacts to avoid any potentially negative
impacts and create lasting benefits for its residents into the future.
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EcoNnoMmicC IMPACTS FROM DEVELOPMENT

There have been several studies and valuations of economic impacts from oil and gas development
performed in the past, and many of them breakdown impacts in a similar way. These impacts are
typically described as 0"1$(/M—5, (/4, J.<"1$(/MN—5, (/4, or ).<2($<W-5, (/4. 0"1$(/M—-5, (/4 include the
jobs, income, and revenues added directly from the oil and gas industry. J.<"1$(/t{—5, (/4 generally
include jobs, income, and revenues due to increased economic activity throughout the supply chain.
].<2($<t—5, (/4 generally measure added value, jobs, and revenues due to household spending of
labor and proprietor’s income earned either directly or indirectly from the oil and gas industry.* As
described in a report prepared by PricewaterhouseCoopers for the American Petroleum Institute:
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Specifically, the breakdown for the state of Oklahoma ranks it second behind Wyoming for the share
of oil and gas impact as compared to the total. In Oklahoma, 364,300 (or more than 1 in 6) jobs in the
state are related to the oil and gas industry, adding more than $60 billion to the overall value of the
state’s economy.

3y State in 2011 (Sorted by Employment Share of State Total)

Employvment* LaborIncome** Value Added

State Percent of p— Percent of — Percent of

Amemnt State Total ($ Million) State Total (8 Million) State Total
Wyoming 80,000 20.4% $5,134.7 21.3% $13,018.7 32.9%
Oklahoma 364,300 16.8% $23,297.9 22.9% $39,001.9 23.1%
Louisiana 412,600 16.2% $24,213.4 19.4% $73.925.4 35.5%

Texas 1,938,700 13.6% $144,085.3 18.7% $308,346.0 23.2
North Dakota 64,000 12.0% $3,831.4 13.1% $6,575.1 12.3%

Figure 4: Total Operational Impact of the Oil and Natural Gas Industry (PwC)

B PricewaterhouseCoopers LLP (PwC), “Economic Impacts of the Oil and Natural Gas Industry on the US Economy in 2011,”
D—$1'(, -43$/10)$2—4.4/"/2/$, Jul 2013, p. 11.
" bid, p. E-2.
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More important for localities and small communities than the statewide impact, however, is the direct
impact locally — how economic development can affect local infrastructure, businesses, and welfare.
Breaking down these direct, indirect, and induced impacts at the local level can help communities’
strategies for economic growth and development so that sustainable and positive change can be
made.

&W7 7LUJ:*PY

Effects on Employment in a Community

A major indicator of the effects of resource extraction on a community is impact on employment. This
can be measured by comparing employment before, during, and after the development phase, and by
contrasting the effects of new jobs to the community (brought in by development), to jobs already
present in the community.

General estimates suggest that the majority of employment opportunities, somewhere between 95
and 98 percent, are generated during the resource development period. Five percent or less of these
jobs are focused on long-term production at developed wells. The development period of the wells is
the “boom,” and movement to production is often felt by communities as the “bust,” though it is not
the same as the “bust” felt when production eventually declines in an area. Often the jobs that are
associated with resource development and production are not available to the community members
without the appropriate skill sets. These jobs often require specialized training or at least require
some experience with the technology, work conditions, and schedules of the industry."

Additionally, while job-training programs may be a way to introduce the local work force to the
industry, they will require investment by local schools and training programs. Depending on the
speed of development in the area, these training programs may not be able to deploy before the post-
development phase begins. Further complications arise because the large numbers of sub-
contractors used to support the development of wells often have different approaches to ensuring a
sufficient pool of trained labor.®

Local labor can experience a great deal of upheaval during the population increase characterized by
the “boom” periods. While some locals may be able to take advantage of the resource production
resulting from jobs moving into the area, a large number will be unable or unwilling to take the new
jobs. Local jobs will feel the pressure of having to serve a much larger number of people than before.
Some employers, such as retail or service industry employers may be able to hire new employees to
help ease the burden. Other professions, such as teachers or medical personnel, where new positions

15 Jeffrey Jacquet,“Energy Boomtowns & Natural Gas: Implications for Marcellus Shale Local Governments & Rural
Communities,” Northeast Regional Center for Rural Development, Pennsylvania State University, U*M&MOIM21, )4
0$6$)05—3$./t3,5$1tU0(thg, January 2009, p. 16.
1o Jeffrey Jacquet, "Workforce Development Challenges in the Natural Gas Industry," The Economic Consequences of
Marcellus Shale Gas Extraction: Key Issues, &, MOJM$501/4{U0ChA September 2011, p. 10.
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cannot be made available quickly due to policy or funding issues, or where it is difficult to attract
trained personnel to rural settings, can find themselves overwhelmed by the influx of population. At
the same time, the increasing cost of living associated with competition for housing can discourage
people in these positions from remaining.’’

Revenue Impacts

Revenue from oil and gas reaches communities in a number of different ways, including infrastructure
and direct community revenue. When oil and gas companies enter an area, they rely on the
community’s existing electrical, water, and transportation infrastructure. Sometimes, however, the
community’s current infrastructure cannot fully meet the needs of these companies. As a result,
there is an opportunity for communities to negotiate the building or expansion of key services as
operators move in. This may include expanding public roads, adding water pipelines, or erecting
electrical transmission lines. While these services benefit oil and gas companies during the duration
of their projects, the infrastructure will remain for the benefit of the community as well. This is an
important opportunity for community leaders to negotiate with operators in the best interest of the
communities. For instance, a community may wish to determine which roads, in addition to the main
roads, may be heavily affected or effectively plan for various scenarios of development.

The second way that revenues reach communities is through direct revenue. When communities sell
land, water, or provide electrical connections to oil and gas companies, revenue is provided directly to
the community. Furthermore, when oil and gas operators set up offices and other facilities, taxes are
typically paid to counties and localities. As with most community revenue, members of the council
and the informal government structure determine how these funds are spent. Some communities
have used these funds for education, infrastructure, or to make up for budget shortfalls in other
areas.

Communities also experience economic impacts that must be addressed by local governments that
may not be immediately obvious. In a report developed for the Colorado Department of Local Affairs
titled W', . <iT,4tM$82), /"0 . Nk, ¥ T2"<$#01410(, i TO6$L . —$. /4kithe author lays out real economic
impacts to communities.*®

YCharles Cortese and Bernie Jones, "The Sociological Analysis of Boom Towns," Q$4/$1.P0('0)08"(, )M$6'$B#S.1 (1977):

76-90.

% Gerald Dahl, Christopher Price, and Debra Kalish, “Oil and Gas Regulation: A Guide for Local Governments,” Colorado

Department of Local Affairs, 2010,

http://www.springsgov.com/units/boardscomm/QilGas/DOLA%200&G%20Guide%20for%20Local%20Governments.pdf.
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Potential Impacts to Tourism

With an oil and gas boom comes an increase in the amount of workers present for temporary
assignments. Typically the housing requirements for these employees are met through hotels and
temporary housing. This is certainly a boon for local hotels and even more so for restaurants.

Potential Impacts to the Workforce

Local government employers often find the loss of their skilled labor force to be an immediate impact.
With rapid growth of oil and gas development, government positions like police officers typically
become harder to fill, as wages in the oil and gas sector are often better than those in the public or
service sectors. These same impacts can often be felt by the private service sector and the retail
sector, leaving small businesses looking for employees.'® This phenomenon, however, may also have
a positive effect on the local community. With help wanted signs in local business and positions open
within local governments, the local unemployment rate typically decreases. This also creates
opportunities for economic progress that may not have been possible prior to oil and gas
development. An increase in the employed population provides a temporary boost to local
businesses.”

Potential Impacts to Housing

Typically, before development, the availability of housing corresponds to the population of a small
community, so there is not too much of a surplus or a deficit. Oil and gas development can, however,
quickly expand the population of an area, and housing availability may lag behind demand. It typically
takes months, if not years, for housing developments to become available through the construction
and leasing phases. This deficit in housing availability often forces prices on existing locations
upwards. This can potentially improve property values, but simultaneously, it negatively impacts low
wage earners, people on fixed incomes, and seniors. For this reason, rapid development may trigger
the need for response mechanisms from the local government and for public funding to serve the
disproportionately affected population.21

Potential Impacts to Roadways

Roadway systems can be impacted in many different and nuanced ways. Primarily, oil and gas
development brings associated increases in volume of heavy equipment traffic. This can often cause
damage to local roads and highways, and local communities may not be able to keep up with
maintenance and repairs.”> This can cause both an economic strain on local communities in
maintenance costs, and it can also constitute a greater risk of accidents as road conditions degrade.

¥ Ibid, p. 6.

% isa Dawson, “Economic Impacts of Oil and Gas on Garfield County,” Presentation, Garfield County, http://www.garfield-
county.com/economic-development/documents/Economic-Impacts-of-Oil-and-Gas-Industry-on-Garfield-County.pdf.

2 Dahl, p. 6.

* Ana Campoy, “Drilling Strains Rural Roadsk”tQ , ))iP/1$$/4i021. ,), 26 Jul 2012,
http://online.wsj.com/news/articles/SB10000872396390444840104577551223860569402.
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Communities may be able to negotiate a Road Use and Maintenance Agreement (RUMA) with a
company, to share these costs.

Furthermore, increased traffic can cause a strain on local economies. Most oil and gas development
occurs in unincorporated rural areas, and those roads are not developed for commuters or for heavy
equipment. Limitations in the design of the road, compounded with increased volume, can cause
slowdowns and congestion where there was previously none.?* Increased traffic along roads,
however, benefits transportation-related businesses in the area such as mechanics, gas stations, car
washes, and casual dining establishments.?*

Finally, traffic enforcement activities will necessarily see an upturn in frequency. Often, local
communities will need more enforcement officers to handle increases in speed, ordinance, noise, and
weight limit violations and to respond to a greater number of accidents.”

Potential Impacts to Water Infrastructure

As is typical with other scenarios where population rapidly expands, water treatment and sewage
processing facilities may not be adequate to handle the additional load. This can often create a
burden on communities to increase capacity.26 Water is further discussed in the “Environmental and
Health” section.

Effects on Public Safety in a Community

The influx of new population brings a concern for public safety. Community resources that may have
performed well with a smaller population will be put under pressure not only by the influx of
population, but also by the changing demographic of the population.

Basic safety services are strained in several fashions. Services like traffic control may no longer be
adequate simply due to the volume of people. Stop signs may no longer be sufficient; towns may
need to upgrade to traffic lights to help manage traffic flow. New school zones and additional traffic
police to monitor them may be required. The community may also be asked to provide services that it
never had to before such as fire services capable of addressing fire in multi-story buildings.

Rapid increases in population typically coincide with increased criminal activity. Therefore, rural areas
may experience increased criminal activity because local police do not have the resources to address
new criminal issues.

2 Dahl, p. 7.

** “The 0il and Gas Industry,” M$.$B ,Z)Bi* _$18"H .4/ ; $&, )"401. ", HO$4$L/,
http://webservices.itcs.umich.edu/drupal/recd/?q=node/53.

% paul Thares, “Oil and Gas Development: The Effects on Community Development (Part 3),” "T10BMSouth Dakota State
University, 18 Jun 2013, http://igrow.org/community-development/communities/oil-gas-development-the-effects-on-
community-development-part-3/.

26 Dahl, p. 8.
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Revenue Based Impacts

Fortunately for communities, additional revenue is generally available to combat some of the
potential negative impacts listed above. This can come in the form of taxes, fees, contributions, and
intergovernmental revenues. Further, in certain areas, mitigation funds can provide additional
resources for abatement of impacts. In a presentation given by Garfield County’s Director of
Administrative Services, Lisa Dawson, a cross section of economic impacts is given for Garfield County,
which can be used as a proxy for other counties impacted by oil and gas development.?’

The first direct impact to the county from oil and gas development is through property taxes. In
Garfield County, for example, in 2010, the top ten property taxpayers were all oil and gas related
enterprises: Williams, Encana, Bill Barrett, Petroleum Development, Bargath, Oxy, Noble, Enterprise
Gas Processing, Chevron, and Antero Resources. Furthermore, when considering severance taxes and
property taxes combined, of the $112 million expected tax revenue for 2012 in Garfield County, CO,
the oil and gas industry would be responsible for $40 million, or 35% of the total revenues.

This percentage does not include the indirect and induced impacts on sales tax revenues. Sales tax is
charged to companies within the industry itself, to companies that supply or support the industry, and
to individuals that are employed directly or indirectly by the industry. Garfield County estimates the
value of these revenues at $10 million, bringing the overall percentage attributed to oil and gas to
45%.

Each of these revenue impacts, even after taking into account the potential negative impacts, led
Director Dawson to conclude, “The impacts of the O&G industry on the local economy are very
beneficial, significant, and critical to the financial well-being of Garfield County, both to the

government and the area economy as a whole.”?®

Communities and county governments also have the opportunity to work with oil and gas operators
for construction and improvement projects, as the community’s needs align with those of the
operators. Many times, this comes in the form of contributions by operators to renovate and improve
roads and bridges.

Because there are so many compounding factors affecting boomtown success or collapse, it is
impossible to say with certainty how taxing schemes affect the health of the community. The goal in
developing a functional taxing scheme is to balance the provision of public services to support the
new population and their associated costs, with the understanding that the population increase may
not be permanent, and revenue after an eventual population decline may not be present to support
long-term infrastructure costs.

%’ Dawson.
% bid.
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Unfortunately, tax revenue may not be present when the community most needs it: before resource
development begins to impact services. Census data may not reflect the new influx of population,
especially if the increase is due to temporary residents living in hotels while working. Therefore, the
funding made available to the community may be insufficient. Further, severance taxes (which states
levy for extraction of non-renewable resources) have a delayed onset. Depending on the size and
success of the development field, this could last several years into the development phase or might
only kick in as development begins to decrease. Generally, there is a reluctance to increase area taxes
to support infrastructure costs when there is no guarantee that resource development will occur and
no way to determine when it will occur.”
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Today, it is uncommon to find a community that has not been affected by mineral and energy
resource development. As the demand for energy independence continues to grow, we are faced
with the same obstacles and challenges that date back to the nineteenth century gold rush where
towns grew rapidly and disappeared just as quickly. What local governments can expect, and how to
best manage impacts created by the influx of such exploration, continues to be a topic of debate.
While current research seems focused on creating one basic catchall formula to apply when managing
resource development, one of the most common issues widely discussed is the lack of planning. In
the book 10(,)13), . .".8M&0./$—-501,1"¥31". ("5, )4k, . <t31, (/'($, Gary Hack states that poorly planned
communities, "continue to be quickly overwhelmed by the problems associated with rapid growth...
thus unable to address the high demand for public services such as housing, water, sewer and

streets.”*®

In order for rapid growth communities to maintain economic stability long after the catalyst of such
growth has subsided, the government, industry, and the community need to cooperatively plan for a
change in policy. According to Eric D. Kelly, "one of the main reasons people engage in planning for a

"3l Communities considering strategies for new

community is to protect what they value about it.
development will need to put policy in place to address issues of growth. First, determining what type
of growth is wanted and where new growth is needed within the existing community is imperative.
Zoning is the best tool to implement in order to allow for a community to enforce the desired
outcomes. “Zoning is the basic tool for regulating land use at the local level. Zoning ordinances are
authorized by state statutes — which, although they have evolved somewhat, continue to be based on

the Standard State Zoning Enabling Act proposed by the U.S. Department of Commerce in 1924. The

*® Andrew Ford, H1$,E". 81/;$P/,)$— ,/SHD 4D . , )" 4'410#H00—4: 0B .¥7"/"8,, /0 .430)" ("$4IK) . 01— , )iM$501/, (Washington, DC:
Department of Energy, 1977).
%% Gary Hack, Eugenie Birch, Paul Sedway, Mitchell Silver, eds, 10(,)i3), . .".81&0./$—501,1%31". ("5, )4, . <131, (/'($,
International City/County Management Association (ICMA), 2009, p. 17.
' Eric D. Kelly, &0——2."/"43), . .".8MD .. /10<2(/'0 . }/0¥/ ; $:&0—51$;$.4'6$13), ., 2nd ed., (Washington, DC: Island Press,
2010) p.110.
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act authorized communities to (1) draw up a zoning map dividing the jurisdiction in to zoning districts,
and (2) enact a zoning ordinance that would provide land use and site development regulations."32
Additionally, zoning will allow for regulation and separation of land uses, control densities, building
heights, and lot coverage, or any combination thereof. Hack goes on to state, "Zoning has many
advantages, when properly linked to the community's plans, it provides a predictable and
comprehensible basis for the regulation of land use, minimizing subjectivity and preference in

decision making. Traditional zoning creates a stable and predictable environment.”**

As a community develops, the implementation of a long-range development plan for future expansion
of available resources is invaluable. Issues that will need to be addressed include the following: How
many building permits can the city issue and manage in a given year? Can these developments be
properly inspected for health and safety considerations? Is the infrastructure, such as water
availability and wastewater treatment, available to sustain the new population? A proactive plan to
address these types of questions warrants consideration when preparing for rapid population growth
in a community of any size.

Individuals

Individual economic impacts from oil and gas operations can vary widely based on the individual
involved. For example, a local landowner and mineral rights owner may enjoy revenue from royalties
or from the sale of water or access, but as discussed above, a citizen living in rental property may see
increased rental prices due to significantly increased demand.

2 Hack, p. 287.
** Ibid, p. 290.
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Figure 5 - Employment During the Development Cycle (Dawson)
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The primary method by which a local community member can be impacted by oil and gas
development is through employment. Depending on the skills of the individual, they may be hired
into a labor-intensive position or a technical professional, but typically, employment opportunities for
local workers are most prevalent at the outset of development.

In most cases, oil and gas industry jobs offer significantly higher wages than average. In Colorado, for
example, oil and gas wages were 244% higher than the state average.>* The position that a local
community member would be eligible for, however, often depends upon his or her age, skill set, and
mobility. As shown in the chart above, sustained development only typically affects a region for the
first 10-15 years of the development life cycle. While this is certainly a sufficient amount of time for
an employee to learn marketable skills and develop in an industry, as development dies down, the
necessary responsibilities shift. Work on drilling rigs and in completion crews, for example, are no
longer needed as the development stage comes to an end, but the production segment requires land
management, environmental, and production professionals. For this reason, jobs for those who start
out doing physically demanding labor may be long-term, but the location may constantly change as
new fields are developed.

34
Dawson.
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Another way individuals are directly impacted is through the payment of royalties and rents through
land use agreements. The New York Department of Environmental Conservation provides potential
lessees important guidelines for lease agreements. These help to ensure that the proper value is paid
for the resource and that all potential issues can be covered in the original lease so that the land and
mineral owner are satisfied with the agreement.>> Typically, payments in oil and gas leases come in
three forms: cash bonuses, rentals, and royalties. Cash bonus payments are made upfront, and an
agreed upon price is settled, generally based on acreage. Rentals are also based on acreage and are
paid on a yearly basis. Royalties are paid throughout the life of the well as a certain percentage of the
produced product.

Oil and gas can also positively affect landowners even when oil and gas leases have not yet been
arranged. In areas where oil and gas leasing is active, property values tend to increase, so long as
there has been no property damage due to development. Land with oil wells present can also draw a
higher value, given that the royalty payments will continue to be paid for the life of the well.
Furthermore, as has been demonstrated through recent redevelopment of previously productive
fields, if oil and gas is found beneath a certain tract of property once, it can typically be found again in
the future.

Not all effects to individuals are positive, however. Oil and gas development, as stated above, can
have a disproportionate effect on those who are renters, living on fixed income, or those reliant on
tourism. It is difficult to fully quantify each of these effects, but each generally corresponds to
increased costs for goods and services relied upon by the individual.

Public Perception and Media

Public perception can be influenced by many factors including the media. Unpaid media sources like
the local news on TV or newspapers have an influence, as do paid media sources such as commercials
or documentaries. This section will discuss three aspects of media influence: media’s role in the
public perception of hydraulic fracturing, the knowledge gap that can aid in the media’s power, and
the methods to counteract bias to allow honest opinions to be developed.

Media coverage can have a profound effect on the public perception of hydraulic fracturing. The
report K, (/?H,4$<iM$82),/'0 . #01* .6"10. —$./,)t310/$(/'0 . 4".4P; ,)$IT , 410$6$)05—$. / discusses the
assessment of media coverage from June 2010 to June 2011 for the Barnett shale area, the
Haynesville shale area, and the Marcellus shale area.*® The assessment shows that about two-thirds
of the media coverage in the nation was negative. Furthermore, only 15-30% of media coverage

** “Landowners Guide to Oil and Gas Leasing,” New York State Department of Environmental Conservation,
http://www.dec.ny.gov/energy/1553.html.

*® Charles Groat and Thomas Grimshaw, “Fact-Based Regulation for Environmental Protection in Shale Gas Development,”
Energy Institute, The University of Texas at Austin, Feb 2012.
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makes reference to scientific research. With this data in mind, it should not come as a surprise that

respondents of a survey within the report conveyed the following misconceptions about hydraulic

fracturing:

Respondents overestimated level of hydraulic fracturing regulation; for example, 71%
were not aware that the Railroad Commission does not regulate how close a gas well
can be drilled to a residential property.

Many respondents (76%) overestimate annual water consumption for shale gas usage
and underestimate (75%) the amount of electricity generated from natural gas.

Most generally understand the process of fracturing and gas development surrounding
the fracturing of wells, but the scope and technical aspects of fracturing are less well
understood. For example, 49% were unaware of proppants, and 42% overestimated
scientific evidence surrounding the issue of hydraulic fracturing and water
contamination.

Knowledge of policy issues related to groundwater contamination, such as the
disclosure of chemicals used in fracturing and active groups affiliated with groundwater
issues, was high.

Knowledge of the occurrence of well blowouts in hydraulic fracturing was high (73%),
as well as the impact of blowouts comparison to surface spills (72%). And 54%
understand the frequency that blowouts have occurred in the Barnett shale.’’

Hydraulic fracturing knowledge was also assessed for the following five areas:

Awareness of Hydraulic Fracturing: 50% of the respondents consider themselves to be

somewhat aware or very aware of hydraulic fracturing. The other 50% were not very
aware or were not aware at all.
Concern about Water Quality: 35% indicated they were very concerned, and 40% were

somewhat concerned. 24% were not very concerned or not at all concerned.
Disclosure of Chemicals Used in Hydraulic Fracturing: Regarding whether state and

national officials are doing enough to require disclosure, 12% thought that the officials
are doing everything they should, and 32% indicated that officials were doing some of
what they should. 47% indicated not as much as should be done was being done. 9%

thought that nothing at all was being done.

Message to Politicians: When asked about relative priorities of energy production on

the one hand and public health and the environment on the other, 67% indicated
higher priority on public health and the environment.

* Ibid.
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* America's Future Energy Production: When asked to prioritize between meeting energy

needs (and override concerns about water shortages and pollution) on the one hand
and focusing on energy sources that require the least water and minimal water
pollution impacts on the other hand, 86% placed higher priority on the second option.*®

Besides misconceptions, there is also a political bias that plays into public perception. According to
the L."6$14"/"10#: $+,4t* . $18"130))ireleased on April 9, 2013, public opinion on hydraulic fracturing is
politically polarizing.>® The poll states that 71% of Republicans approve of hydraulic fracturing with
20% opposed. On the other hand, 22% of Democrats approve of hydraulic fracturing with 60%
opposed.*® This is important to note since the government plays such a large role in controlling the
future of energy development in the United States.

Obviously, media helps play into the political bias. During campaigns, there are negative and positive
ads about the costs and benefits of hydraulic fracturing, clean coal, nuclear energy, etc. This can
make it difficult for the public to make their own decision about hydraulic fracturing, because they are
probably viewing facts through a biased lens.

Another aspect of the media to recognize is its ability to target certain audiences. According to a
study conducted in Louisiana, certain demographics respond to hydraulic fracturing differently. From
this study, a paid media source could find what words or statements people of different age groups
enjoy more. For instance, in the \J"\1102'4", . ,1P216$" published by Goidel and Climek, it was found
that the words “fracking” and “fracturing” carry negative connotations.”’ When using the words
“fracking” and “fracturing,” only 38.6% of respondents said Louisiana should drill, while 51.6% said
that Louisiana should drill after having the process described to them. From there, paid media
sources could create demographic-specific targeted messaging and place that messaging in
demographic-specific markets (whether that is TV commercials, radio, newspaper, etc.). The
information given by the paid media sources may not be false, but it is the side of the story the source
wants you to hear. Anything that does not test well is not mentioned. With the issue of hydraulic
fracturing, persuasion is still a very strong tool. A pro-development ad will probably show green
fields, happy families, and a booming economy while an anti-development ad will probably use
ominous music and use dramatic imagery of things such as toxic waste. It is easy to see how the

* Ibid.

39 “Spring 2013 UT Energy Poll Shows Consumer Opposition to Exporting Natural Gas,” L:*.$18"130))#The University of
Texas at Austin, 9 Apr 2013, http://www.utenergypoll.com/newsroom/.

“* Ibid.

o Kirby Goidel, Michael Climek, and Lina Brou, “By the Numbers: Louisiana Survey Results Announced,” Public Policy
Research Lab, Louisiana State University, April 2012, https://sites01.Isu.edu/wp/pprl/files/2012/07/LouisianaSurvey-2013-
State-of-the-State-Report.pdf.
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common person would have a hard time filtering through the messaging on both sides to find what
they consider the truth.

It is not possible to completely escape media bias, but it can be overcome. This may mean partnering
with a third party group to create materials about hydraulic fracturing. In this way, an everyday
person can feel more informed about the process. Facts are necessary. Not only should the basic
facts be included, but also the more sensitive facts, such as any occurrence of questionable practices,
must be brought to light. This is not to say that the pro-development side of the argument is the only
side trying to exercise their influence, as the anti-development side is quite engaged as well. This is
just as manipulative and persuasive as only disclosing the facts that reflect positively on the practice
or the company. It may help for people on both sides of the argument to create materials together
that would simply describe the hydraulic fracturing process, including the bad, possibly bad, good, or
possibly good information that has been gathered. To inform, polarized messaging should be
abandoned.
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ENVIRONMENTAL AND HEALTH

Similar to other major industries and anthropogenic activities, unconventional oil and gas
development, including the hydraulic fracturing process, can impact local communities and the
environment. This section outlines the relationship between unconventional oil and gas development
and the water, land, and air that make up the local environment. The section focuses on communities
located in proximity to oil and gas operations, because the largest environmental costs often fall on
communities surrounding or down gradient (i.e., downwind, downstream, downhill) of industrial
activities, as pollution and other impacts can be concentrated in these areas. As stated in the
“Purpose and Scope” section of this paper, this information is intended to facilitate effective
communication between local and community stakeholders, and is not intended to provide
prescriptive recommendations.

WATER

Water is crucial to life on earth, not only to sustain biological processes, but also to maintain the
industrial production and transportation chains that drive modern life. While the agriculture industry
is the largest water consumer nationwide, energy production is also vitally dependent on water. A
significant nexus between water and energy exists, with water required for energy production and
energy required for water treatment and transportation. This nexus is not specific or unique to
unconventional oil and gas development. As the development of unconventional reservoirs has
increased, however, so have concerns for the potential impact on invaluable water resources and
drinking water supply. While the primary focus of public and media attention has been on the
negative impacts on water associated with unconventional oil and gas activities, some stakeholders
are continuously working toward realizing potential water-related opportunities, such as beneficial
reuse of produced water or utilizing wastewater for oil and gas development. The hydraulic fracturing
phase of development, which can require four to five million gallons of water, has received most of
the attention in terms of both water quantity and quality.

The U.S. Congress urged EPA to investigate any potential impacts of hydraulic fracturing on drinking
water resources. In November 2011, EPA published its 3), . 1/0P/2<"/; $t30/$./", ) -5, (/410#
V*<1,2)' (1K1, (/21".810.101".E". 81Q, /$1iM$4021($4**4and then published a progress report in December
2012.* The study’s final results are expected in 2014. In the chart below, published in the 2011 3), -,
EPA identified several potential areas of concern for water quality and quantity. Additional ;,0,1<4 to

2 U.S. EPA Office of Research and Development, “Plan to Study the Potential Impacts of Hydraulic Fracturing on Drinking
Water Resources,” November 2011,

http://www2.epa.gov/sites/production/files/documents/hf _study plan 110211 final 508.pdf.

* U.S.EPA Office of Research and Development, “Study of the Potential Impacts of Hydraulic Fracturing on Drinking Water
Resources: Progress Report,” December 2012, http://www?2.epa.gov/sites/production/files/documents/hf-
report20121214.pdf.
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drinking water resources include poor well construction, leakage or seepage to nearby existing wells
or poorly plugged former wells, and leakage or seepage through fractures, both pre-existing natural
fractures and those created during the industrial process.** EPA has clearly stated that the Agency’s
scope is limited to hazard identification and will not include risk characterization. Without an
objective risk component, the study contribution in the community decision-making process may be
limited; however, accurate risk assessment would depend upon region- and community-specific
factors and need to be conducted on a case-by-case basis. If a community considers this necessary,
they may want to pursue this avenue.

Water Use in Hydraulic

Fracturing Operations Potential Drinking Water Issues

o Water availability

Water Acquisition * Impact of water withdrawal on water quality

* Release to surface and ground water
Chemical Mixing (e.g., on-site spills and/or leaks)
e Chemical transportation accidents

* Accidental release to ground or surface water (e.g., well malfunction)
o Fracturing fluid migration into drinking water aquifers
* Formation fluid displacement into aquifers
* Mobilization of subsurface formation materials into aquifers

Well Injection

v

Flowback and
Produced Water

* Release to surface and ground water
e Leakage from on-site storage into drinking water resources
* Improper pit construction, maintenance, and/or closure

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

Wastewater Treatment
and Waste Disposal

Figure 6: Figure from EPA's 2011 Plan to Study the Potential Impact of Hydraulic Fracturing on Drinking
Water Resources

“ Ibid.
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Ensuring available water supply has always been a top priority for communities. Regional, state, and
local water regulators allocate water rights and respond to short-term and long-term local
environmental conditions during the management of water resources. Regulatory agencies take
action to prioritize water resources, including temporarily halting oil and gas withdrawals during
drought conditions (e.g., Susquehanna River Basin Commission, Texas).” For example, the Louisiana
Cooperative Endeavor Agreement / Plan of Water Use requires a demonstration to the Department of
Natural Resources (DNR) that the water use does not unreasonably interfere with any other present
use of the water or with any use that may legally and reasonably be anticipated for purposes including
public consumption, agriculture, industrial uses, and recreation.*®

Significant water withdrawals from community water sources, including those related to
unconventional oil and gas development, should be investigated holistically, considering all water
users, similar to state water-planning processes. When placed in context among other users, the oil
and gas sector is a relatively small water user:

* Texas 2008: 0.003% (57 k acre-feet) and 0.002% (35.8 k acre-feet) of the total water use was O&G
and hydraulic fracturing, respectively.*’

* Texas 2010: Mining, which includes but is not limited to the oil and gas sector, made up 1.8% of
the total state water use.*®

» Colorado 2010: 0.08% (13.9 k acre-feet) of the total state water use was hydraulic fracturing.*

* Oklahoma 2012: Oil and gas drilling and fracturing accounts for a very small fraction (less than 1%)
of freshwater use in Oklahoma.*

Despite the relatively low and temporary use of water for unconventional oil and gas development, it
is important for communities to assess and communicate the local conditions in relation to this type
of activity. Providing local context and feedback to oil and gas companies regarding site-specific water
withdrawal locations is extremely beneficial.

* Texas Drought Information, Texas Commission on Environmental Quality, http://www.tceq.texas.gov/response/drought.
*® Louisiana Department of Natural Resources, “Application for Louisiana Running Surface Water Use Cooperative
Endeavor Agreement,” 23 Mar 2011, http://dnr.louisiana.gov/assets/docs/11DRAFT-Water-Application.pdf.

* Railroad Commission of Texas, “Water Use in Association with Oil and Gas Activities Regulated by the Railroad
Commission of Texas,” Written Testimony, Texas State Senate, Committee on Business & Commerce, 10 Jan 2012,
http://www.senate.state.tx.us/75r/Senate/commit/c510/handouts12/0110-RRC.pdf.

*8 “Historical Water Use Estimates,” Texas Water Development Board,
http://www.twdb.state.tx.us/waterplanning/waterusesurvey/estimates/.

* Colorado Division of Water Resources, the Colorado Water Conservation Board, and the Colorado Oil and Gas
Conservation Commission, “Water Sources and Demand for the Hydraulic Fracturing of Oil and Gas Wells in Colorado from
2010 through 2015,” 19 Jan 2012, http://cogcc.state.co.us/Library/Oil_and_Gas_Water_Sources_Fact_Sheet.pdf.

>0 Kyle Murray, Oklahoma Geological Survey, “State-Scale Perspective on Water Use in Qil and Gas Operations,”
Presentation, University of Oklahoma, Norman, OK, 25 Oct 2012, http://oklahomawatersurvey.org/d1/wp-
content/uploads/2012/10/04-0GS.pdf.
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Unconventional oil and gas has one of the highest rates of energy return for water invested when
compared to other energy sources.” In addition, the industry strives for continuous improvement in
understanding local water availability by publically disclosing water use through the website
FracFocus.org and by using prudent freshwater management practices.52 These efforts are driven by
stewardship, environmental and corporate risk reduction, and economics. A number of complex
operational, logistical, environmental, health, safety, and economic factors and risks require
evaluation prior to the implementation of freshwater use and conservation practices. These factors
should not be generalized and require case-by-case analysis with community involvement as
appropriate. Some freshwater use reduction practices that may be applicable in any given area
include:

* Alternative (e.g., acid mine drainage, wastewater, etc.) and brackish water sources may be used to
replace freshwater. Understanding the benefits, risk, and costs associated with these practices
given local conditions is critical.

* The application of recycling and reuse technologies has reduced freshwater use in specific areas.
There is not a one-size-fits-all technology, however, that can be applied across all developments,
and evaluation of this practice and alternative technologies should be conducted on a case-by-
case basis using a holistic approach (e.g., logistics, water-energy nexus).

* The development and application of hydraulic fracturing additives that can perform effectively
when produced water or alternative water sources are used in stimulation fluids can reduce
freshwater use. Waterless hydraulic fracturing also has the potential to reduce freshwater use.
Unintended risks associated with these alternatives should be carefully evaluated prior to use.
Intellectual property right protection can have a significant impact on corporate incentives to
develop technologies in these areas.

> Matthew Mantell, Chesapeake Energy, “Produced Water Reuse and Recycling Challenges and Opportunities Across
Major Shale Plays,” Presentation, EPA Hydraulic Fracturing Technical Workshop 4-09,
http://www.epa.gov/hfstudy/09 Mantell - Reuse 508.pdf.

>> American Petroleum Institute, “Water Management Associated with Hydraulic Fracturing,” APl Guidance Document
HF2, First Edition, June 2010, http://www.shalegas.energy.gov/resources/HF2 el.pdf.
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Existing federal, state, and local regulations prevent negative water quality impacts that may be
caused by the oil and gas industry. Government entities and the oil and gas companies have plans
and procedures that define the necessary steps to respond to and control leaks and/or releases. In
the rare occurrence of an unintentional environmental release, responsible industry members act
appropriately in conjunction with local authorities and in accordance with regulatory requirements to
limit the impact on the environment and ensure the health and safety of the public. The oil and gas
sector continues to develop and deploy practices that reduce environmental risk associated with
unconventional oil and gas development. These practices are typically evaluated on a case-by-case
basis with careful consideration of unintentional consequences.

Despite precautions and barriers, the risk of environmental releases exists, and it is important for
communities to understand the hazards associated with these events. Produced water characteristics
vary spatially and temporally, both within and between basins, geologic formations, and wells. The
characteristics of produced water, however, have been studied extensively by the United States
Geological Survey (USGS).>> Analytical techniques used to characterize produced water must be
robust to the matrix interferences from high total dissolved solids (TDS).>* Benzene, ethyl benzene,
toluene, and xylenes are the most frequently detected volatile organic compounds (VOCs) in shale gas
produced water and are naturally occurring. The oil and gas industry continues to participate in
collaborative research groups working to further the characterization of produced water (e.g., Brine
Chemistry Consortium, Shale Water Research Center).>>>®

Figure 7 below shows the average composition of hydraulic fracturing fluid for shale plays in the
United States. The composition of each fracturing fluid varies to meet the specific needs of each area.
Therefore, different formulas are used throughout the United States.”’

>* Produced Waters Database, U.S. Geological Survey, Oct 2006, http://energy.cr.usgs.gov/prov/prodwat/.

> Nancy Coleman, Chesapeake Energy, “Produced Formation Water sample Results from Shale Plays,” Presentation, EPA
Hydraulic Fracturing Technical Workshop 1-07,
http://www.epa.gov/hfstudy/producedformationwatersampleresultsfromshaleplays.pdf.

> H1". $1&;$—"4/1"4&0 . 401/"2—, Rice University, http://www.brinechem.rice.edu.

*p- ,) Q) , /SLIMPAS, 1(;18$. /$L, Brine Chemistry Solutions, http://www.brinechem.com.

> “Chemical Use In Hydraulic Fracturing,” K1, (KO(244 Groundwater Protection Council and Interstate Oil and Gas Compact
Commission, http://fracfocus.org/water-protection/drilling-usage.
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Figure 7: Average Hydraulic Fracturing Fluid Composition for US Shale Plays (“Chemical Use”, FracFocus)

Figure 8 shows examples of fracturing fluid additives and their main compounds. The additives shown
in Figure 8 are examples of the major compounds commonly used in fracturing fluids for gas shales in
the United States. The additives in various fracturing fluids vary according to company preference,
source water quality, and characteristics of the formation.”® The composition of fracturing fluids and
chemical additives are designed for a specific scenario to obtain the greatest return on capital and
natural resource investments (e.g., water used, surface disturbance, etc.) made throughout the well
development process. Less efficient additives and fluids may necessitate additional wells, stimulation,
cost, and/or water usage, and lower the ultimate recovery from the well.

> Ground Water Protection Council (GWPC) and ALL Consulting, “Modern Shale Gas Development in the United States: A
Primer,” U.S. Department of Energy, Office of Fossil Energy and National Energy Technology Laboratory, Apr 2009,
http://www.netl.doe.gov/technologies/oil-gas/publications/EPreports/Shale_Gas_Primer_2009.pdf.
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Figure 8: Fracturing Fluid Additives and Main Compounds
(Adapted from GWPC and ALL Consulting, “Modern Shale Gas Primer”)

Additive Type

Main Compound(s)

Purpose

Diluted Acid (15%)

Hydrochloric acid or
muriatic acid

Help dissolve minerals and initiate
cracks in the rock

Biocide Glutaraldehyde Eliminates bacteria in the water that
produce corrosive byproducts
Breaker Ammonium persulfate Allows a delayed break down of the gel

polymer chains

Corrosion Inhibitor

N,n-dimethyl formamide

Prevents the corrosion of the pipe

Crosslinker

Borate salts

Maintains fluid viscosity as
temperature increases

Friction Reducer

Polyacrylamide

Minimizes friction between the fluid
and the pipe

Mineral oil
Gel Guar gum or hydroxyethyl Thickens the water in order to suspend
cellulose the sand
Iron Control Citric acid Prevents the precipitation of metal
oxides
KCl Potassium chloride Creates a brine carrier fluid

Oxygen Scavenger

Ammonium bisulfite

Removes oxygen from the water to
protect the pipe from corrosion

pH Adjusting Agent

Sodium or potassium
carbonate

Maintains the effectiveness of other
components, such as crosslinkers

Proppant

Silica, quartz sand

Allows the fractures to remain open so
the gas can escape

Scale Inhibitor

Ethylene glycol

Prevents scale deposits in the pipe

Surfactant

Isopropanol

Used to increase the viscosity of the
fracture fluid

Understanding produced water management and disposal is paramount to characterizing risk and
planning appropriately. Underground Injection Control (UIC) Class Il wells are the most commonly
used produced water management option. These wells are highly regulated under the Safe Drinking
Water Act (SDWA), typically under state primacy authority. The disposal of produced water in a
publicly owned treatment works (POTW) is very rare, if used at all, for unconventional oil and gas
operations. The utilization of this option should be managed on a case-by-case basis with a firm
understanding of the plant’s efficiency in removing appropriate compounds. This is an important
opportunity for the community to be engaged and involved in this process. A community’s POTW
must consider their regulatory requirements and whether or not the water that they are accepting
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will cause them to be out of compliance. Efficiency of all treatment processes is influenced by
technological and operational factors. The utilization of commercial treatment systems (CTSs) should
also be managed on a case-by-case basis with a firm understanding of the plant’s efficiency in
removing relevant compounds. Efficiency of all treatment processes is influenced by technological
and operational factors. The Pennsylvania Department of Environmental Protection (PA DEP)
reported that for the first six months of 2012, 1,174 bbls (0.01% of total) of produced water
(formation or flowback fluids) from unconventional wells were disposed of in CTSs.>®

Methane contamination in drinking water aquifers has been a focus of public and media attention,
specifically in Northeast Pennsylvania. Peer reviewed literature remains split on whether or not
methane is naturally occurring in these aquifers or is a result of unconventional oil and gas

development.®%°%°?

Communities should understand the quality of their drinking water and
associated risks. The importance of monitoring drinking water quality is not specific to the presence
or potential presence of unconventional oil and gas development. Communities that understand
baseline water conditions, however, are better prepared to identify anomalies in water quality and
root causes, including possible impacts from oil and gas. A recent study has found methane in
groundwater wells up to 1 kilometer from shale-gas wells in the Marcellus Shale Formation. Carbon
isotope dating suggesting that this methane could be from the Marcellus Shale; however, the absence
of chemicals associated with the fracturing process suggests that this methane is leaking from the well
construction itself rather than migrating upwards through the formation.®® This highlights the

importance of ensuring baseline conditions and well and cementing integrity.

>9 W, - <§T, 4M$501/" . 81Q$=4"/$, Pennsylvania Department of Environmental Protection,
https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/DataExports/ExportWasteData.aspx?PERIOD ID=2
012-1.

% John Krohn, “Study: Naturally —Occurring Methane “Ubiquitous” in NE Pa. Groundwater,” *_.$18"1".40$5/;1d=)08ek 3 Jun
2013,http://energyindepth.org/marcellus/study-naturally-occurring-methane-ubiquitous-in-ne-pa-groundwater/.

®® John Krohn, “USGS Finds Methane in Pa. Water Unrelated to Drilling,” *_$18"1".40$5/;1d=)08eA 24 Jun 2013,
http://energyindepth.org/marcellus/usgs-finds-methane-in-pa-water-unrelated-to-drilling/.

%2 Jeff Tollefson, “Gas Drilling Taints Groundwater,” U, /21$4 498.7455 (25 Jun 2013): 415-416,
http://www.nature.com/news/gas-drilling-taints-groundwater-1.13259.

* Ibid.
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AIR

Unconventional oil and gas development concerns have mainly focused on potential groundwater
contamination and the use of large amounts of water and energy to drill, hydraulically fracture, and
produce the well. Recent studies are showing, however, that this process can have an effect on air
quality that should be analyzed and considered in community decision-making. The potential public
health impacts are still unclear and warrant further research.®* Throughout this discussion, it is
important to note that the some of the chemicals of concern and their concentrations may vary
greatly based on the formation type, and air quality can vary depending on local climate (e.g. wind
strength and direction).

The main air contaminants from oil and gas production can be divided into the three categories that
are regulated under the Clean Air Act (CAA) by the U.S. EPA. The first category, criteria air pollutants,
includes ozone, carbon monoxide (CO), sulfur dioxide (SO,), particulate matter (PM), and their
precursors, including nitrogen oxides (NOx) and volatile organic compounds (VOCs). The second
category, hazardous air pollutants (HAPs), mainly includes fugitive VOC emissions from production.
The third category, haze precursors, includes ozone, NOy, SO,, and particulates. As of 2011,
greenhouse gases (GHG) are also regulated by EPA, but the overall impact of unconventional oil and
gas development on GHG emissions is a global topic, which is outside the scope of this document.®

In April 2012, the U.S. Environmental Protection Agency (EPA) released Oil and Natural Gas Air
Pollution Standards to be fully implemented by 2013. These rules seek to reduce VOC emissions
through “reduced emissions completions,” or “green completions,” which capture natural gas that
would otherwise escape into the air. EPA calculated that the expected gain in revenue from selling
the gas that previously escaped into the environment would offset the cost of compliance. Some
states and cities, including Colorado, Wyoming, and Fort Worth and South Lake, Texas, required
“green completions” before the new EPA rule. Fort Worth is notable for the large natural gas
development of the Barnett Shale play in a highly populated area.®®®’

The main contaminants of concern for air near unconventional oil and gas sites are sulfur dioxide,
methane, and VOCs including trimethylbenzenes, aliphatic hydrocarbons, xylenes, benzene,

68 69

ethylbenzene, and n-hexane (similarily found in vehicle emissions). VOCs are characterized by

& Mike Mitka, “Rigorous Evidence Slim from Determining Health Risks From Natural Gas Fracking,” i021. , JiO#/; $iD—$1"(, .4
7$<"(,)iD440(", /0 .4307.20 (2012): 2135+

> U.S. EPA Region 8, “An Assessment of the Environmental Implications of Oil and Gas Production: A Regional Case Study,”
September 2008, http://www.epa.gov/sectors/pdf/oil-gas-report.pdf.

66 “Addressing Air Quality Impacts Associated with Hydraulic Fracturing Activities,” U.S. Environmental Protection Agency,

3 Apr 2013, http://www2.epa.gov/hydraulicfracturing#air.

%' U.S. Environmental Protection Agency, “Overview of Final Amendments to Air Regulations for the Oil and Natural Gas
Industry,” Apr 2012, http://www.epa.gov/airquality/oilandgas/pdfs/20120417fs.pdf.

* Ibid.
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their tendency to readily evaporate in ambient air conditions. Outdoors, VOCs contribute to the
formation of ground-level ozone (smog).”® Air toxics, or hazardous air pollutants, are known or
suspected of causing cancer and other serious health effects. Benzene is a known carcinogen,
regulated by the EPA.”" When discussing the impact of air pollutants on human health, it is critical to
factor in concentration and/or dosing levels, however, it is worth acknowledging some chemicals are
hazardous at low concentrations. Methane (CH,) is a greenhouse gas more than 20 times as potent as
carbon dioxide (CO,). According to EPA, oil and natural gas production and processing accounts for
nearly 40% of all U.S. methane emissions.”?

Recently, the Colorado School of Public health assessed the potential impact of wells on ambient air in
Garfield County, CO. The study looked at health effects from natural gas development between
residents living within half a mile of a well and those living at distances greater than half a mile. The
study found that the greatest health concern from subchronic exposure was driven by exposure to
trimethylbenzenes, xylenes, and aliphatic hydrocarbons. The study concluded that further studies
should be conducted examining the health effects resulting from air emissions during unconventional
natural gas development, and that “risk management approaches should focus on reducing exposure

to emissions during well completions.””?

In February 2012, the National Oceanic and Atmospheric Administration (NOAA) published in the
Journal of Geophysical Research their findings, also from Colorado, that gas operations were leaking
two times as much methane as previously thought, and benzene emissions were also underestimated.
The study estimated that total benzene emissions were between 385 and 2,055 metric tons in 2008,
compared to an earlier estimate of only 60 to 145 metric tons per year.”* However, there are still
significant data gathering challenges involved in measuring overall emissions from oil and gas sources.
Many of the “top-down” studies (those that measure contaminant concentrations in the atmosphere
surrounding a particular area) like the NOAA study find that oil and gas related emissions are
underestimated, while many “bottom-up” studies (those that measure contaminants directly from
individual emissions sources, then extrapolate that emission rate to analogous activity in an area) find

% Lisa McKenzie, Roxana Witter, Lee Newman, and John Adgate, “Human Health Risk Assessment of Air Emissions from
Development of Unconventional Natural Gas Resources," P("$. ($10#/;$4:0/,)t*.6"10. —$./ (2012),
http://cogcc.state.co.us/library/setbackstakeholdergroup/Presentations/Health%20Risk%20Assessment%200f%20Air%20
Emissions%20From%20Unconventional%20Natural%20Gas%20-%20HMcKenzie2012.pdf.

70 wyolatile Organic Compounds,” U.S. Environmental Protection Agency, 9 Nov 2012, http://www.epa.gov/iag/voc2.html.
& “Benzene,” American Cancer Society, 5 Nov 2010,
http://www.cancer.org/cancer/cancercauses/othercarcinogens/intheworkplace/benzene.

72 “Overview of Greenhouse Gases,” U.S. Environmental Protection Agency, 22 Apr 2013,
http://epa.gov/climatechange/ghgemissions/gases/ch4.html.

”® McKenzie et al,, p.1.

" “NOAA-led Study: Colorado Qil and Gas Wells Emit More Pollutants than Expected,” National Oceanic and Atmospheric
Administration, 27 Feb 2012,
http://research.noaa.gov/News/NewsArchive/LatestNews/Tabld/684/ArtMID/1768/ArticlelD/10356/NOAA-led-study-
Colorado-oil-and-gas-wells-emit-more-pollutants-than-expected.aspx.
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that oil and gas related emissions are overestimated. For example, a bottom-up study of actual
emissions published in 2013 by the Environmental Defense Fund (EDF), in conjunction with the
University of Texas at Austin, found that methane emissions from hydraulic fracturing were
overestimated by a factor of 36, while EPA’s pneumatic controller emissions were underestimated by
a factor of 1.6. This led the EDF research team to conclude that emissions from oil and gas related
sources were relatively well understood overall by EPA’s 2011 greenhouse gas inventory.”
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Air pollution may occur during various phases of the oil and gas production process, including release
of VOCs, methane, and exhaust from mobile and stationary diesel-fueled equipment.76 An inventory
on greenhouse gas emissions showed that methane emissions occur during the production,
processing, storage, transmission, and distribution of natural gas.77 A different study completed in
Garfield County, Colorado, showed that concentrations of non-methane hydrocarbons were highest
during the initial drilling phase and did not vary much during the hydraulic fracturing process.”®

EPA has noticed from data provided to its Natural Gas STAR program’® that the flowback stage of well
completion is often the phase with the highest air emissions. During the flowback stage of completing
a well, fracturing fluids, water, and reservoir gas flow back from the formation to the surface at high
velocity and volume. This process can last from three to ten days.*

Another source of potential air pollution is heavy diesel equipment used during the drilling and
fracturing of a well and used for transporting water to the well, flowback water from the well, and oil
and natural gas product from the well to refineries. NO, released near the well pad can mix with VOCs
to form ground level ozone. Vehicle emissions are among the major sources of NO, and VOCs.?*

Finally, concern exists over methane emissions due to pipeline and equipment leakages as well as CO,
emissions from flaring during well production. Leakage of methane throughout the production and

’> David T. Allen et al., “Measurements of Methane Emission at Natural Gas Production Sites in the United States,”
310($$<". 8410/ ;$1U, /0., iD(, <$— "10#P('$. ($4, 110.44 (29 Oct 2013): 17768-17773,
www.pnas.org/cgi/doi/10.1073/pnas.1304880110.

® Theo Colborn, Carol Kwiatkowski, Kim Schultz, and Mary Bachran, “Natural Gas Operations from a Public Health
Perspective,” V2—, .}, .<*(0)08"(, )iM'4EiD44$44—$ . D . W _/$1. ,/'0. , )i021. ,)417.5 (2011), p. 1042.

77 “Overview,” U.S. EPA.

% Theo Colborn, Kim Schultz, Lucille Herrick, and Carol Kwiatkowski, “An Exploratory Study of Air Quality Near Natural Gas
Operations,” The Endocrine Disruption Exchange, 9 Nov 2012,
http://cogcc.state.co.us/RR_HF2012/setbacks/CommentDocs/Public/TEDX_ Setbacks Comments.pdf.

" EPA’s Natural Gas STAR program is a voluntary program that encourages oil and gas companies to adopt efficient, cost-
effective technologies to reduce methane emissions.

80 “Overview,” U.S. EPA.

8 Colborn, “Natural Gas Operations,” p. 1042.
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transportation stages could greatly impact greenhouse gas emissions from the hydraulic fracturing
process.®

Natural gas shows a reduction in air emissions as compared to coal or oil. The exact air emissions vary
greatly depending on the formation fractured. Using natural gas for fuel instead of coal reduces CO,,
NO,, SO,, and mercury (Hg) emissions.®® Since this paper intends to focus on the impact to

communities near oil and gas production, it will not further investigate the global impacts of different
fuel sources.

Possible Recommendations to Communities

* Consider ambient air monitoring, especially around population centers or vulnerable
populations (nursing homes, schools, hospitals, etc.)

e UO0/$: Air quality varies greatly in different climates and can be highly localized.

* UO/$N To evaluate the true health risk for those living near natural gas development one must
take into consideration local factors including proximity, exposure and others.

8 The Horinko Group, “Hydraulic Fracturing: Guidebook on the Current and Future Environmental, Regulatory, and Legal

Challenges,” 2012, http://www.thehorinkogroup.org/wp-content/uploads/2012/10/THG-Hydraulic-Fracturing-
Guidebook WEB 20121008.pdf, p. 12.

8 “Air,” Chesapeake Energy, http://www.chk.com/Corporate-
Responsibility/EHS/Environment/Air/Pages/Information.aspx.
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LAND

The hazards of unconventional oil and gas development associated with land, with the exception of
radioactive wastes and materials, as discussed below, are often more visible than those associated
with air. Community stakeholders will have to more actively decide how to approach land-related
issues. Most potential land impacts arise from the disposal of drilling mud and possible spills or leaks
of the hydraulic fracturing fluid and produced water. There is also the direct impact from installing
drilling pads, laying pipelines, and increased traffic as trucks haul freshwater and produced water to
and from the well site.
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During drilling operations, dirt and rock cuttings are removed from the hole and temporarily stored
nearby in carefully sited holding areas, which are lined and often covered with nets to protect local
wildlife. Cuttings can be solidified or stabilized using additives such as high-pH fly ash, cement, lime,
mica-based material, cellulose fibers, walnut nut plugs, or other materials. The solidified and
stabilized cuttings can be used for road foundations, backfill for earthwork, or building material.

Cuttings can also be treated using forms of bioremediation, such as land farming. H'01$—$<",/'0.
involves the use of microorganisms to naturally degrade hydrocarbons and other components of
cuttings and is accomplished in land-based application and more controlled programs. !, .<i#,1-".8
is the application of drilling mud or cuttings applied to a parcel of land in a controlled manner, and
may be considered as both treatment and disposal. The naturally occurring microorganisms in the soil
biodegrade the hydrocarbons in the cuttings. This process can benefit the soil by increasing the water
retaining capacity.

I, _<#")4 are another option for disposal of drilling muds. If bioremediation and land farming are not
good options based on drilling mud composition, the waste may be disposed of in a landfill.
Depending on composition, this can be a local municipal landfill. If materials are present above
certain concentration, however, the mud may need to be disposed of in a hazardous material landfill
or a radioactive materials-accepting landfill. The rules on testing the drilling mud vary, so consider
checking with local landfills and state regulatory agencies on this matter.

Storage pits are commonly used in rural areas for drilling and hydraulic fracturing. In urban areas,
steel storage tanks can be used. Sometimes, tanks are used in a closed-loop drilling system, which
allows for reuse of drilling fluids and the use of smaller amounts of drilling fluids. Each state regulates
drilling differently.®* In the State of Oklahoma, the Oklahoma Corporation Commission regulates and
permits the land application of drilling mud. EPA considers drilling waste as a “special waste” exempt

8 GWPC and ALL Consulting, “Modern Shale,” p 25.
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from federal hazardous waste regulations under subtitle C of the Resource Conservation and Recovery
Act (RCRA).*

There are two types of drilling muds that are commonly used in inland settings: water-based mud
(WBM) and oil-based mud (OBM). WBM is comprised of about 92% water and 8% solids. WBM is
commonly land applied as a fluid suspension. WBM is alkaline in nature (pH > 10) and has a high salt
content. High salinity can be an issue if the land will be used for agricultural purposes. WBM can also
contain metals and other elements contained within the geologic formation. OBM is usually 50% to
85% solids and 15% to 50% liquids. OBM is generally black in color and has an odor of distillate,
because distillate can be used as the solvent for the mud. OBM generally has high total petroleum
hydrocarbon (TPH) content and often contains benzene, toluene, ethylbenzene, and xylene (BTEX).
OBM mainly consists of drill cuttings; therefore its composition varies depending on geology of the
formation. Some geologic formations contain considerable amounts of calcium carbonate,
magnesium, calcium, potassium, copper, zinc, lead, arsenic, chromium, and molybdenum.86 Land
application of drilling mud with high salinity, metals, BTEX, and/or TPH content can exceed regulatory
screening and cleanup numbers for residential soil and inhibit plant growth if salinity is too high.

Possible Recommendations to Communities

*  When choosing a location for a new residential development, conduct research to determine if
oil and gas exploration has taken place on the property. Take note of properties that have had
land application of drilling mud. Sampling may be needed to determine if the property has
contamination above regulatory levels for a residential setting.

* Require testing of drilling mud and wastes before accepting the material for landfills or land
application.

e If drilling mud is to be land applied to an agricultural field, soil amendments may need to be
added to decrease the salinity of the drilling mud.

# Chad Penn and Hailin Zhang, “An Introduction to the Land Application of Drilling Mud in Oklahoma,” Oklahoma State
University, Division of Agricultural Sciences and Natural Resources, Q,/$UM$4$,1(;4, - <t +/$.4"0.4&$./$L, 102,
http://osufacts.okstate.edu/docushare/dsweb/Get/Document-8644/WREC-102web.pdf, p. 2.
86 .

lbid.
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Naturally Occurring Radioactive Material (NORM), such as uranium (U), radium (Ra) and thorium (Th),
occurs naturally in rocks and can be found in surface soils as well as in oil and gas formations. In
particular, the radioactive decay series of uranium and thorium, including Radium 226 (Ra-226) and
Radium 228 (Ra-228) is often found in shale formations. Through the process of injecting chemicals
and water at high pressure into certain formations and releasing the trapped gas, NORM can be
mobilized. Technologically Enhanced, Naturally Occurring Radioactive Materials (TENORM) may occur
given certain fluid compositions and chemical environments.

According to the Association of State and Territorial Solid Waste Management Officials (ASTSWMO)
information sheet, the radionuclide Radium 226 is of particular concern as radium is slightly soluble
and can enter the produced water stream and then precipitate out.?’” Some radium remains dissolved
in the produced water, which may be an issue if this water is sent through a publicly owned treatment
works.

The precipitated radium that is then concentrated in part of the scales and sludges associated with oil
and gas development may produce a waste disposal challenge. The disposal option will depend on
the level of radioactivity within the wastes and on local and state regulations. Some states do not
require radiation monitoring, and if the active levels of radiation are not measured, the improper
disposal of these materials could negatively impact local health and the environment. The greatest
risk for TENORM exposure is for oil and radiation waste disposal workers and people working or living
within 300 feet of the disposal sites.®®

Possible Recommendations to Communities

* Consider radioactive monitoring of waste products and encourage municipal landfills to
measure incoming waste.

* Require testing of drilling mud and wastes before accepting the material for landfills or land
application.

e UO0/$: Actual concentrations of TENORM can vary depending on the source formation.

* UO/$N To evaluate the true health risk for those living near natural gas development one must
take into consideration local factors including dosage, proximity, exposure and others.

8 ASTSWMO Radiation Focus Group, “TENORM Associated with Shale Gas Operations,” Jul 2012,
http://www.astswmo.org/Files/Policies_and_Publications/Federal Facilities/2012.07.TENORM _Shale_Gas_InfoSheet_FIN
AL.pdf.

8 «0il and Gas Production Wastes,” U.S. Environmental Protection Agency, 30 Aug 2012,
http://www.epa.gov/rpdweb00/tenorm/oilandgas.html.
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Studies have shown a correlation between underground injection wells, including those associated
with waste disposal from oil and natural gas extraction, and increased seismic activity in an area. If an
underground injection well is placed near an existing fault, the increased pressure from the injection
may cause built-up pressure to release and trigger earthquakes.® A recent study linked increased
seismic activity in Youngstown, Ohio with a nearby injection well. While studies show this connection
can happen, especially through the presence of ancient or unknown faults, this is not usually the case.
This particular study mentions that, of the 177 wastewater disposal injection wells, only one was
connected to induced seismicity.*

8 Katie Keranen, Heather Savage, Geoffrey Abers, and Elizabeth Cochran, “Potentially Induced Earthquakes in Oklahoma,
USA: Links Between Wastewater Injection and the 2011 Mw 5.7 Earthquake Sequence,” T$0)08"#41.6 (2013): 699-702.
% colin Schultz, “Marcellus Shale Fracking Waste Caused Earthquakes in Ohio,” *04#i:1, .4, (/'"0.4D—$1"(, -§T$05; "4"(, )i
L."0.494.33 (2013), p. 296.
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CONCLUSION

This report was designed to facilitate effective and constructive communication between local and
community-level stakeholders, including public, government, and industry members, by describing
the relationship between stakeholder decisions and potential community benefits and costs
associated with U.S. unconventional oil and gas development with the goal of long-term community
well-being.

Potential positive and negative community-level economic, environmental, health, and social impacts
associated with unconventional oil and gas development are discussed within this report. Although
prescriptive recommendations regarding regulatory requirements and/or industry practice were not
offered, this report highlights some key considerations that communities near oil and gas
development should review. It is important to address these considerations in the context of local
conditions and community values.

Unconventional oil and gas development is a complex issue involving multiple stakeholders with
various perspectives. A firm understanding of Risk Management and Oil and Gas Life Cycle
Frameworks will lead communities to better decisions regarding unconventional oil and gas
development. There is not a one-size-fits-all solution to most complex problems, but stakeholders can
and should work together during unconventional oil and gas development to find optimum solutions
for all.
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APPENDIX A: DEFINITIONS

Bioremediation: The use of microorganisms to naturally degrade hydrocarbons and other
components of cuttings. It can be accomplished in land-based application and more controlled
programs.

Casing: Steel or high tech alloy pipe which is lowered into the hole and cemented in place.

Drill String: Lengths of pipe fastened to each other and then to a drill bit. The drill string transmits
power from the top drive to the drill bit.

Flowback Process: The process that allows the well to flow back excess fluids, sand and debris after
the well has been completed or hydraulically fractured. The actual duration of the process varies
from well to well and play to play.

Flowback Process Water: A subset of produced water returned during the flowback process. The only
factor that is used in defining this subset of produced water is the time period in which the water is
returned to the surface through the well borehole. It is inaccurate to use this term to differentiate
produced water quality.

Land Farming: The most common form of bioremediation used for drill cuttings. It consists of the
application of drilling mud, cuttings, or oily waste applied to a parcel of land in a controlled manner.
The naturally occurring microorganisms in the soil biodegrade the in the cuttings, while metals are
diluted by mixture with the soil. This process can benefit the soil by increasing the water retaining
capacity.

Play: A play is defined as a set of known or postulated oil and or gas accumulations sharing similar
geologic, geographic, and temporal properties, such as source rock, migration pathways, timing,
trapping mechanism, and hydrocarbon type.

Produced Water: All water that is returned to the surface through a well borehole. Typically,
composition is made up of water injected during fracture stimulation process as well as natural
formation water. Numerous factors influence the quantity and quality of this fluid type, including
type of formation, play, and timing in well lifecycle.

Recycle: The application advanced treatment options (e.g., distillation, crystallization, reverse
osmosis, elector-coagulation, etc.) for the purpose of using produced water.

Reuse: The application of preliminary physical treatment (e.g., filtration) for the purpose of using
produced water.
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Stabilization: those techniques that reduce the hazard potential of a waste by converting the
contaminants into their least soluble, mobile, or toxic form. The physical nature and handling
characteristics of the waste are not necessarily changed by stabilization.

Water Efficiency: The amount of water per unit of use.
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