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ABSTRACT

From 2011 to 2014, Pennsylvania's marketed natural gas production moved from the
seventh-largest to the second-largest (ranked only after Texas) marketed gas-producing state in
the United States. With the increase in Pennsylvania’s gas production, the wastewater from gas
development has been going up as well. Accordingly, the demand for wastewater disposal
facilities should goes up as well. One way to deal with wastewater is to inject it into deep
underground through underground injection wells. However, Pennsylvania does not encounter an
significant increase in supply of underground injection wells and it currently has less than twenty
underground injection wells until 2016 (Johnson, 2015), suggesting an under-capacity in
methods for wastewater disposal compared to other states with significant shale gas development
under way. This thesis provides information about shale gas development in the last decade
(2004-2016) in the United States.
This thesis focuses on key questions related to why the underground injection wells used
for wastewater disposal from hydraulic fracturing process in Pennsylvania are used far less than
other states, such as Ohio, that are also developing natural gas from shale rock formations. The
major research question is further broken down into hypothesis about geological aspects,
regulatory aspects, and other economic factors. This thesis seeks to identify the possible barriers
in front of Pennsylvania’s underground injection development process. If policy makers and
other decision makers better understand and consider these barriers, the cost of shale gas
development in Pennsylvania might be reduced and the efficiency can be improved (i.e., the state
would be in a better position to have the capacity to handle the wastewater it generates, and not
impose externalities on other states).
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1. Introduction
Energy and water help meet some basic human needs in terms of shelter, cooking, and
transportation. Marcellus and Utica shale gas development in the 2005-2010 period began to help
meet energy needs. Unconventional methods (e.g., horizontal drilling) are now widely used in a
number of states in the United States for extracting natural gas with the increasing energy
demand. The drilling and hydraulic fracturing process requires a large quantity of water and the
injection of sand and chemicals deep into the ground at high pressure. These modern methods
provide a more economical way of gathering shale gas than the conventional methods (vertical
drilling). However, in some states and communities, shale gas development has led to concerns
over its environmental implications and other related issues. This is occurring not only because
the extraction process is transforming the landscape and impacting communities, but also
because it is creating potential risks to the air, water and the health of people especially to those
who live close to shale gas wells.
According to the Natural Gas Annual Report from the U.S. Energy Information
Administration (EIA) (2014), Pennsylvania is now a net exporter of natural gas whereas earlier it
was a net importer. From 2011 to 2014, Pennsylvania's marketed natural gas (which includes
natural gas liquids) production moved from the seventh-largest to the second-largest (ranked
only after Texas) marketed gas-producing state in the United States. Since Pennsylvania’s gas
production has been going up, the wastewater from gas development has been rising as well.
However, Pennsylvania’s supply of wastewater disposal facilities cannot meet the demand. In
other worlds, Pennsylvania has not planned ahead to develop enough capacity to deal with the
wastewater produced from shale gas development with its borders. As a result, a good deal of
wastewater has been transported to other neighboring states, such as Ohio (Table 3.1) and West
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Virginia, for disposal. Texas has approximately 12,000 underground injection wells to dispose of
wastewater from shale gas development (McCurdy, n.d.). Ohio has 215 active underground
injection disposal wells by the end of March 2016 (ODNR, 2016). By contrast, Pennsylvania, a
state that generates a great amount of wastewater, currently has 14 underground injection wells
until 2016 (Johnson, 2015), suggesting an under-capacity in methods for wastewater disposal
within the state.
This thesis provides information about shale gas development in the last decade (20042016) in the United States. The thesis focuses on key questions related to why the underground
injection wells used for wastewater disposal from hydraulic fracturing process in Pennsylvania
are used far less than other states that are also developing natural gas from shale rock formations.
The major research question is further broken down into hypothesis about three factors:
geological, regulatory, and possible economic factors. This thesis seeks to identify and, where
possible, quantify the barriers in front of Pennsylvania’s underground injection development
process. If policy makers and other decision makers consider and better understand these barriers,
the cost of shale gas development in Pennsylvania might be reduced and the efficiency can be
improved (i.e., the state would be in a better position to have the capacity to handle the
wastewater it generates, and not impose externalities on other states).
The thesis is organized as follows: the remainder of Chapter 1 details the background
of natural gas development in the United States and gives an overview of the types of
environmental issues occurred during the natural gas development. Chapter 2 provides more
detailed information on the main topic of the thesis (wastewater management). Chapter 3
describes the research goal and research hypotheses. Chapter 4 provides a brief review of the
existing relevant literature. Then Chapter 5 describes the data. Chapter 6 introduces research
-2-

methods and shows the analysis and results of the thesis and describes policy implications.
Chapter 7 presents the conclusions and suggestions for future study.

1.1. In Introduction of U.S. Energy Production and Consumption
The United States’ crude oil and natural gas production levels have increased rapidly in
recent years. Specifically, according to U.S. Energy Information Administration (2016), from
2004-2014 the U.S.’s crude oil production grew from 5,441 thousand barrels1/day to 9,431
thousand barrels/day (increased about 73.3%). And annual natural gas production grew from
19,517,491 million cubic feet to 28,751,579 million cubic feet (increased about 47.3%) (Figures
1 and 2).

Figure 1. U.S. Crude Oil Production

Source: U.S. Energy Information Administration (EIA) (Note: a barrel is 42 gallons)
11

1 barrel= 42 gallon
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Accessed on web, Feb 7, 2016.

Figure 2. U.S. Natural Gas Production

Source: U.S. Energy Information Administration (EIA)
Accessed on web https://www.eia.gov/petroleum/production/#oil-tab, Feb 7, 2016.

The demand for the development of shale gas can be seen at least partially derived from
the need for the U.S. energy independence and cleaner (i.e. fuels that produce less greenhouse
gas emissions and fewer other pollutants) energy sources when burned than coal and oil, the
development of natural gas extraction from the Marcellus, Utica and other shales has been
growing at a rapid rate in recent years. From 2005 to 2013, according to the EIA, total natural
gas production in the United States increased by 35%, with the natural gas share of total U.S.
energy consumption rising from 23% to 28%. In 2014, Marcellus shale drillers produced 3.7
-4-

trillion cubic feet– or about 16% of what the entire United States consumes on an annual basis
(EIA, 2014). The development of Marcellus shale and Utica shale becomes an important part in
the U.S. energy market.
As for the supply side of shale gas market, new technology such as horizontal drilling and
hydraulic fracturing significantly improve production efficiency and thereby lower the average
production cost (Asche et al., 2012). Lower average/marginal production cost can lead to
increase in the shale gas supply. This can be seen as one of the driving factors of the boom in
shale gas production.
Despite the significant decrease in the deployment and production cost in the shale gas
industry, another side of the story is that the Marcellus Shale Gas Well drilling industry has
restrictive regulations, mainly to protect water supply (Abdalla et al., 2011). Such regulations
include, for example, permits, protection of water quality and that of groundwater during drilling.
Such regulations limit the increases in the number of shale gas wells and hence in the production
of shale gas.

1.2. The Marcellus and Utica Shale in the Northeastern U.S. and North Central U.S. –
Rock Formations and their Importance
The Marcellus shale is a Middle Devonian age (419.2–358.9 million years ago), low
density, carbonaceous (organic rich) marine sedimentary rock that lies 5,000 to 9,000 feet
underground. In the United States, it lies in the subsurface beneath the eastern half of Ohio, West
Virginia, western Pennsylvania and southern tier of New York. Small areas of Maryland,
Kentucky, Tennessee, and Virginia are also underlain by the Marcellus shale (King, 2015).
-5-

The Utica shale underlies much of the northeastern United States and some parts of
Canada. In the United States, it lies under most of New York, Pennsylvania, Ohio, and West
Virginia. In the subsurface, the Utica Shale is located a few thousand feet below the Marcellus
Shale (King 2015). As Figure 3 shows, it is clear that Marcellus shale and Utica shale have a
large amount of geographic area above the formations that overlap. Also, these two formations
are close to eastern U.S. population centers such as New York City and Boston. Thus it is
convenient and economical for these cities and energy markets in the eastern United States to get
enough energy supply without high transportation costs.
This thesis focuses on shale gas development in Pennsylvania and Ohio. In Pennsylvania,
the Marcellus shale and Utica shale covers more than half of its territory, mostly in its
northwestern part. In Ohio, Marcellus shale and Utica shale cover approximately half of its
territory by the east (Figure 4). In general, the rock formations in the Appalachian Basin2 area are
full of mixtures of brine, oil, and gas (Sminchak 2015).

2

“The Appalachian Basin Region is a physiographic province extending from Alabama to Maine
and encompasses the eastern seaboard of the United States.” (USGS 2016, retrieved from
http://energy.usgs.gov/RegionalStudies/AppalachianBasin.aspx#377211-overview. Accessed on
web. Ari 11 2016)
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Figure 3. The Marcellus and Utica Shale Region in the United States

Source: U.S. Energy Information Administration (EIA)
Accessed on https://www.eia.gov/oil_gas/rpd/shale_gas.jpg. Feb 11, 2016.
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Figure 4: Marcellus Shale and Utica Shale Plays in Pennsylvania, Ohio, and Surrounding
States

Source: Sminchak, 2015

Shale gas is a methane related gas that occur in fractures and pore spaces in shale
formations, or that can be adsorbed onto minerals or organic matter within shale rock
(Kuwayama, 2015). According to the U.S. EIA (2014), the Marcellus region is the largest
producing shale gas basin in the United States, accounting for almost 40% of United States’
-8-

shale gas production. The EIA also reported in 2014 that the Marcellus Shale contained
approximately 141 trillion cubic feet of technically recoverable natural gas in 2012. By early
2015, the Marcellus Shale was yielding about 14.4 billion cubic feet of natural gas per day. At
that time the Marcellus was the source for over 36% of the shale gas produced in the United
States and 18% of the total dry gas production of the United States (King, 2015).
In some areas, shale gas development can boost the economy. In the short term,
municipalities are rarely able to control energy development that occurs nearby, and the local
government where the energy development occurs is likely to lack capacity to regulate its
supporting infrastructure during the high demanding period (boom period) (Jacquet, 2014).
However, energy price spikes can lead to rapid exploration and development of energy resources,
resulting locally in massive industrial development and worker migration over a short period of
time. Extraction of natural resources is often associated with population growth, raised
employment rates, new business creation and expansion, income to landowners in the form of
leasing fees and loyalties from gas production, and other types of economic growth
(Muehlenbachs et al., 2012; Jacquet, 2014; Cosgrove et al., 2015; Mason et al., 2015; Hardy and
Kelsey, 2015). On the other hand, the development can halt as quickly as it began. A series of
study found that residents reporting a significant declining in their quality of life during the bust
years (after the boom peiod) (Jacquet, 2014). This is so called the “boom-bust” cycle associated
with energy development from finite natural resources for which supplies cannot be exhausted
(Jacquet, 2014).
Shale gas development might protect the environment to some extent. Although methane
is a component of greenhouse gases, natural gas is a cleaner energy than other fossil-fuel energy
sources such as coal and oil. Secondly, natural gas is more efficient in burning compared to oil or
-9-

coal which is widely used in today’s energy consuming markets. Natural gas has fewer pollutants
that will be harmful for the environment and human’s health than oil and coal because the
burning of natural gas can results in less carbon dioxide (greenhouse gas) emissions and less
other pollutants such as particulate matter, lead, and benzene than coal and oil (Muehlenbachs
et.al., 2012). Also, natural gas generally needs less processing, and thus less energy than the
gasoline extraction from oil, or the extraction of coal.

1.3. The Hydraulic Fracturing Process
Due to different geological settings, the extraction method for hydrocarbon resources3
can vary widely. According to Jacquet (2012), there were more than 190,000 conventional and
unconventional natural gas wells drilled in the United States from 2000-2009. Sometimes just
drilling vertically and the natural pressure in the formation can bring the oil and gas to the
surface. When an oil or gas producing reservoir no longer produces oil or gas (i.e. is depleted
using conventional methods), the producer can inject fluids into the reservoir to increase the
pressure in the formation and move the residual oil and gas toward the surface, a process known
as enhanced recovery (GAO, 2014). Hydraulic fracturing is one method of enhanced recovery
that was been accepted as commercially viable by 1950 (King, 2012). In the last several decades,
horizontal drilling has been increasingly used and replacing the older technologies. In particular,
hydraulic fracturing has made oil and gas extraction from deep rock formations economically
feasible.

3

Hydrocarbons are one type of fossil fuel which includes natural gas, crude oil, and condensate
(a low-density mixture of hydrocarbon liquids that are present as gaseous components in the raw
natural gas).
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Hydraulic fracturing (also termed fracking, hydrofracking) is a method for extracting
natural gas from rock seams. This drilling stage of the process involves first drilling down
vertically thousands of feet to reach the formation and then drilling horizontally (Figure 5)
through the seam of the formation. Thus with a relatively small well pad on the ground (eg. five
acres in Pennsylvania), a relatively large potential reserve space of natural gas can be reached
under the surface. To be more specific, multiple wells can be drilled vertically side by side from
a given well pad, radiating out in different directions once reaching a shale seam (Figure 6). A
traditional vertical well may drain the gas from 80 acres while a horizontal drilling well may
cover more than 1,280 acres underground (Weidner, 2013).

Figure 5. The Hydraulic Fracturing Process

Source: Thermo Fisher Scientific Inc.
Accessed on http://www.dionex.com/en-us/events/webinars/lp-113667.html. Feb 11, 2016.
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Figure 6. Well Pad

Source: The Department of Energy and Climate Change (DECC)
Accessed on https://www.flickr.com/photos/deccgovuk/sets/72157635443509437. Feb 11, 2016.

The fracking stage of the process requires a large amount of water and involves injecting
“fracking fluid” (consisting primarily of water, but also including chemicals and sand or other
agents for holding open the fractures) at very high pressure to create or further fractures in the
formation thus could help the natural gas flow more freely from the formation into the well
(GAO, 2014). Various sources show that majority (up to 90%) of the water used remains
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underground but approximately ten percent that resurfaces in the first 30 days counts for about
300,000 to 800,000 gallons of wastewater per well drilled (Abdalla et al., 2011).
Hydraulic fracturing can produce different types of wastewaters, such as flowback fluid
and produced water. Flowback fluid it is a water based fluid that flows back to the surface
usually in the first 30 days after the completion of hydraulic fracturing of a gas well (Abdalla et
al., 2011). It consists of the fracking fluid used to fracture the Marcellus shale. The fluid contains
clays, chemical additives, dissolved metal ions and total dissolved solids (TDS) (Schramm,
2011). The flowback water is toxic to aquatic life and cannot be discharged to streams, lakes or
rivers without undergoing treatment (Abdalla et al., 2011). Produced water are water produced
through the development and extracting of natural gas during hydraulic fracturing. Produced
water typically contains salt, trace element composition, organic geochemistry, and other
components that might cannot be disposed directly into nature environment (USGS, n.d.). Also, a
high-salinity formation fluid called brine (with total dissolved solids up to 250,000
milligram/liter or more) (Sminchak, 2015), as one kind of produced water from fracking, needs
additional waste-water treatment. It may contain relatively high concentrations of heavy metals
like barium, inorganic constituents like sodium and other associated radionuclides that exceed
drinking-water health standards (Kappel et al., 2013).

- 13 -

2. Research Problem
2.1. Environmental Issues.
Along with the rise in production of oil and natural gas, concerns were raised about shale
development’s potential effects to the environment (Brantley et al., 2014; GAO, 2016). Residents
who live near shale wells and underground injection wells are having concerns about risks during
shale development (e.g. Mcclure, 2016). Research has also suggested that there are a variety of
actual and potential environmental problems that have been demonstrated to be associated with
shale gas development (Muehlenbachs et al., 2012; Krupnick et al., 2013; Olmstead et al., 2013;
Brantley et al., 2014; Kuwayama et al., 2015). There are different types of wastes that come from
the fracking of shale. These include, but are not limited to: waste water during the extraction
process, solid waste like used construction materials and related wastes that must be landfilled,
radioactive rocks and, drilling cuttings and muds (Krupnick et al., 2013). Different types of
wastes and potential environment pollution during the development of natural gas are important
issues for shale gas development.
There are different potential and actual environmental risks that can be results of shale
gas development. Krupnick and Gordon (2013) concluded that the routine risks associated with
shale gas development are: water pollution, decrease of soil quality and air quality, change in
habitat and community distribution (structures above and near the fracking construction site need
to be redistributed temporarily and maybe moved back after the well cannot produce more gas in
decades). Risks from accidents, such as truck accidents, surface blowouts4 and pipeline rupture,
4

Uncontrolled release of crude oil or natural from a well due to the failure of pressure control
systems, from “All about Blowout”, R. Westergaard, Norwegian Oil Review, 1987. ISBN 82991533-0-1
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also cannot be ignored (Krupnick et al., 2013). From the research that has been done, in
Pennsylvania, Ohio, and number of other states, operators, local residents and researchers are
concerned about the following general categories of risks.
First, water use and contamination are important concern areas. Ground water and surface
water can be polluted and depleted during shale gas development. The hydraulic fracturing
process involves the injection of fracking fluids underground, the processes can use between
approximately three million to eight million gallons of water combined with sand and chemical
additives per well within about one week (Abdalla et al., 2011). And the process generates
wastewaters that need to be carefully managed. Local water supplies can be contaminated
because of improper storage, treatment, and disposal of wastewater. Surface water concerns is
more likely to related to wastewater treatment and aboveground land management, while ground
water concerns are likely to be more connected with contamination directly from shale
formations or wellbores (Olmstead et at., 2013). For instance, hydraulic fracturing uses a large
quantity of water and generates flowback fluid, although the flowback fluid is only 10 to 40% of
the original injected fracturing fluids. A significant amount of these fluids is now recycled to
frack additional wells (Kuwayama, 2015). If the rest are not properly recycled and returned to
the surface, salts, metals, radionuclides for example, in the flowback fluid will possibly
contaminate nearby surface water and ground water supplies. Therefore states are changing
regulations and standards for hydraulic fracturing of shale gas in many regions of the country.
Second, air pollution is also an important possible environmental impact of shale gas
development. According to the U.S. Environmental Protection Agency (U.S. EPA), there have
been documented air quality impacts in active natural gas development areas. During the
extraction or transportation process, multiple types of gases can leak into the surrounding
- 15 -

environment. The escaped gases can include volatile organic compounds (VOCs), nitric oxide,
nitrogen dioxide, methane and other greenhouse gases which can decrease the air quality around
the construction area (Muehlenbachs et al., 2012; U.S. EPA, 2016). In order to protect the air
quality and people’s health, the U.S. EPA and other federal or state agencies are working on
better characterizing and reducing these air pollutions associated with shale development.
Specifically, the U.S. EPA has administered Clean Air Act since 1990 alone with other
regulations on the air pollution problem for the oil and natural gas industry (U.S. EPA, 2016).
Third, induced seismicity (earthquakes attributable to human activities) due to
underground injections and hydraulic fracturing process during shale gas development is also a
problem. High pressure deep injection of fluids by the underground injection wells (UIW) during
the fracking process may cause new geologic faults and alone with pre-existing faults, they
might slip thus creating small earthquakes. According to USGS (United States Geological
Survey) (2016), there are approximately 7 million people work and live in areas with potential
risks from induced seismicity in the central and eastern U.S. UIWs have been used successfully
over many decades. It was not a big issue for decision makers to consider earthquakes due to
UIWs at the beginning of the natural gas development (around 2008). However a number of
earthquakes occurred due to the disposal of waste water into the deep injection wells in recent
years makes it become an important issue. For example, in places that oil and gas operations has
caused seismicity activities for about five years, such as central Oklahoma and southern Kansas,
the chance of a “destructive temblor” in 2017 is as great as it is in the shakiest parts of quakeprone California (where have lived with damaging seismic activities for centuries) (Wines 2016).
Environmental issues are very important externalities during the shale gas development
and the public concern problem will be further discussed in Chapter 3 and Chapter 7.
- 16 -

2.2. Wastewater Management
As described above, Marcellus shale gas wells require a significant amount of water to
aid in the extraction process. New extraction method and higher drilling activity have increased
wastewater volume (Sminchak 2015). With limited assimilative capacity of streams and rivers,
wastewaters need to be properly managed. Flow back water from hydraulic fracturing will return
to the surface and always consists of high total dissolved solids (TDS) so they must be properly
managed in order to protect the environment (Kuwayyama et al., 2015). Brine, as one kind of
produced water, also needed to be treated before disposal to public water systems such as
streams and rivers. There are currently several methods to deal with wastewaters in the
northeastern and north central United States such as on-site treatment and reuse, recycling and
underground injection.

2.2.1. Recycling
According to Yoxtheimer (2016), 90% to 95% of wastewater from shale gas development
is currently being recycled. Direct reuse without treatment could provide minimum cost for well
operators. Wastewater be slightly treated and mixed with their frack additives and then
dispatched to the drilling site, thereby saving significant treatment costs and transportation costs.
However, there are some difficulties for reuse or recycle the wastewater. For example, the
variability in flow back water chemistry across different time periods of fracking and across
different states, and different additives to the water and sand used by different companies make it
complicated to directly reuse the wastewater (Abdalla et al., 2011). Also, with the decline of oil
- 17 -

and natural gas prices leading to a slowdown in drilling and hydraulic fracturing in parts of the
Marcelles and Utica shale regions in the United States in last two years, less profits can be
gained from obtaining natural gas through fracking shale. There are fewer new shale wells being
drilled while the old wells are still producing wastewater, which implies the supply of the
recycling method is decreasing. Moreover, not as much wastewater can be reused as it was in the
earlier active days of Marcelles play (2008-2014) (Yoxtheimer, 2016).

2.2.2. Dedicated Treatment
Dedicated treatment facilities are settled to treat natural gas wastewater to remove salts,
metals and oils so that it can be discharged to surface water (Abdalla et al., 2011). The cleanse
process cleans most of the water but there are still a small amount of fluid that needs to be taken
to a landfill or injected into the ground (StateImpact, 2016). In the first several years (2007-2009)
of the Marcellus shale play in Pennsylvania, treatment at a dedicated brine treatment plant is one
of the ways to deal with wastewaters. One problem associated with wastewater treatment is that
these treatment facilities need to be properly located throughout the Marcellus region in order to
minimize the transportation costs (Abdalla et al., 2011). Another problem is that the number of
these treatment plants and their capacities to deal with wastewaters was limited; and the majority
of facilities could not effectively solve the wastewater problem. These plants did not treat the
water but instead merely diluted the wastewater (Abdalla et al., 2011). More importantly, in
August 2010, the Pennsylvania’s Department of Environmental Protection (DEP) finalized new
regulations which tightened the discharge loading standard of total dissolved solids (TDS) and
related pollutants in order to protect Pennsylvania’s surface water such as streams, rivers, and
- 18 -

public drinking water (PA DEP3, 2011). Industry observers noted that with more competition in
the wastewater management market, more treatment facilities come in line, and maybe through
improved technologies, the treatment costs will likely come down in the future (Abdalla et al.,
2011). However, new or expanded TDS loads at treatment facilities in Pennsylvania now need to
meet the 2010 TDS regulations in order to continuing treat and discharge treated wastewater,
which has increased the difficulty to treat wastewaters in dedicated treatment facilities than it
was before 2010.

2.2.3. Underground Injection Wells (UIW)
Wastewater disposed via underground injection wells will have no discharge to streams,
which does help protecting the environment. Through underground injection wells, wastewaters
(flowbacks, produced water and other liquid wastes) from shale development can be send to deep
underground that are thousands of feet below the surface, usually to a limestone or sandstone
formation (StateImpact, 2016). Although this method usually has high transportation costs since
underground injection wells are not always near productive well sites thus millions of barrels of
wastewater needed to be transported to other sites for disposal (most of the wastewaters are
transported in 100 barrel-125 barrel tanker trucks (Sminchak, 2015)), underground injection is
still a widely used method to disposal wastewaters from hydraulic fracturing. According to
Sminchak (2015), the five main components of most commercial underground injection facilities
are: unloading pad, offloading tank, main tank series, pump house, and injection well (Figure 7).
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Figure 7. Injection Operation Schematic

Source: Sminchak (2015)

There are six classes5 of injection wells in the United States. In 2005, the U.S. EPA
amended the Safe Drinking Water Act to exempt the underground injection of fluids associated
with hydraulic fracturing operations related to oil, gas, or geothermal production activities from
regulation under Class II programs, except in cases where diesel fuels are used in the fracturing
process (GAO, 2014). According to EPA, In the United States, there are approximately 180,000
Class II wells are in operation now. The number of such wells grew rapidly from approximately
144,000 in 2005 to over 172,000 in 2012 (GAO, 2014). Then the number of Class II wells grew
relatively slowly from 2012 to 2015. Which could be the results of the drop in oil and natural gas
prices, or the results of new regulations on underground injection wells (e.g. some states, like

5

Class I wells are for industrial and municipal (including hazardous waste) disposals. Class II
wells are for oil and gas (including enhanced recovery and brine disposal). Class III wells are for
mining related disposals. Class IV wells are banned since December 1984 and now limited to
authorized clean-up sites, banned Class V wells are for all other wells. Class VI wells are for
carbon sequestration wells (Johnson, 2015).
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Ohio, imposed bans on UIWs) during this period. These Class II wells roughly separated into
two categories: brine disposal wells (IID), they make up about twenty present of total number of
Class II wells, and enhanced recovery wells (IIR), which represent as much as eighty percent of
the total numbers of Class II wells (EPA, 2015). Among them, underground injection wells are
the ones that receiving shale gas wastewaters.
From an economic point of view, the increase in shale gas production also increase the
amount of wastewater, which further translates into an increase in demand of new UIWs. Such
translation is consistent with intuition and also supported by the empirical evidence that the shale
gas production has a positive marginal effect on the increase in the number of new UIWs (or,
more accurately, the probability that a new UIW is used) (Edmundson, 2012).
The supply side of UIWs market is more complicated. The total cost of developing a
UIW includes building cost, the cost of well plugging, transaction cost due to regulation and
other costs induced by various factors. Thus an effective assessment of the total costs of
operating a UIW requires a comprehensive consideration of various costs. This motivates a
closer look at the geologic formation, regulatory issues and other economic factors in the UIWs
market, which will be discussed in Chapter 3 and Chapter 7. In fact, the high transaction cost to
get a UIW permit in Pennsylvania maybe a factor that a large proportion of Marcellus-derived
fluids generated in Pennsylvania are trucked to other states despite significant transportation
costs.
Because of the high cost of UIWs, that shale gas production most probably drives up the
demand of UIWs does not necessarily suggest a positive correlation between the number of
UIWs and the number of shale gas wells. In Chapter 7, the author shows that using the dataset in
this thesis, there is no significant correlation between the number of UIWs and that of shale gas
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wells. This reflects the high development and operating cost of UIWs in Pennsylvania which the
author identifies as the fundamental cause of the low number of UIWs in Pennsylvania.
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3. Research Goal and Research Hypothesis
For 200 years, oil and gas reserves have been known to exist in Pennsylvania, Ohio, and
the broader region of the northeast and northcentral of the U.S. (Shultz, 2002), and the industry
of oil and gas has been significant with a boom-bust cycle. Around 2008, shale gas development
has become a big issue to Pennsylvania (Pifer, 2016). Associate with the increase in oil and gas
production, the demand for wastewater disposal is increasing as well, from 2008-2012, the
demand for wastewater disposal related to unconventional Marcellus and Utica plays in
Pennsylvania, Ohio, Kentucky, and West Virginia is up to 706-2,290 million barrels (Sminchak,
2015). As the volume of wastewater generated from shale gas production, the demand for
underground disposal wells has increased as well (GAO 2016).
Pennsylvania has gained and is still winning from shale gas development in terms of
positive economic benefits. However, the state doesn’t have a good way to deal with some of the
negative externalities associated with shale gas development. Pennsylvania, as the largest shale
gas deposit in the United States, has approximately 800 million gallons of wastewater generated
from oil and natural gas wells in Pennsylvania in the year of 2011 (Lewis, 2012). Much of the
wastewaters produced in Pennsylvania were sent to nearby states (e.g. Ohio) that have more
disposal wells (StateImpact, 2016). Due to the little capacity of accepting wastewaters, most
Marcellus wastewater generated at Pennsylvania were tracked to Ohio or West Virginia for
underground disposal (Abdalla et al., 2012). In 2012, there are 12,980,726 barrels of brine
disposal into Class II wells in Ohio and 110,488 barrels in Pennsylvania (Sminchak, 2015).
According to PA DEP, approximately 21 million gallons of Marcellus-derived wastewater fluids
were generated in Pennsylvania in the first six month of 2011 and treated and disposed at Ohio
facilities; around 5,000 gallons Marcellus-derived fluids were treated and disposed in West
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Virginia (Abdalla et al., 2012). Alone with the presents of the supply of wastewaters due to shale
gas development, the demand for underground injection wells to dispose these wastewaters has
showed up. Although the PA DEP and other organizations (e.g. American Petroleum Institute)
prefer injection wells to other wastewater disposal methods because the wastewater is returned to
the formation it came from, still, there are only few underground injection wells in Pennsylvania
(PA DEP, 20142). Specifically, as mentioned as of 2016, Pennsylvania had less than twenty
(Table 1) underground injection wells for wastewater disposal from shale gas development. This
number is far less than other states that are producing shale gases. Moreover, the dramatic
increase in Pennsylvania’s natural gas production (number 14 in 2007 to number 2 in 2014 in the
United States) did not lead to hardly any significant increase (less than five wells) in the number
of underground injection wells in this state (Abdalla, personal communication, 2016).

Table 1: Permitted Class II Brine Disposal Wells in Pennsylvania by the End of 2015

Source: table obtained directly from Karen Johnson, Jan 2016 (note: the last three were still
waiting state permits and have not been drilled by the end of Nov 2015.
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3.1. Research Goal
This thesis seeks to identify the possible main reasons are for Pennsylvania’s lack of
underground injection wells for wastewater disposal even with its huge increase in shale gas
production. If the barriers in front of Pennsylvania’s well owners are properly considered by
decision makers, the efficiency can be improved by reducing money and time consumed
(transaction costs) during Pennsylvania’s shale gas development.

3.2. Major Research Questions
The main reasons why Pennsylvania is lack of underground injection wells and tended to
transport its externalities (wastewaters) to other communities and states for underground disposal
can be categorized into three groups as follows: geologic aspects, regulatory aspects and other
related economic factors. The hypotheses are described in 3.2.1, 3.2.2 and 3.2.3 as follows:

3.2.1. Geologic Formation
3.2.1.1 Viability of Rock Formations for Underground Injection Wells
The properties (for example, the porosity of the rock and the viscosity of the deposit) of
the rock formations underneath the earth’s surface are needed to be properly investigated before
operating underground injection wells. It was used to say that Marcellus region geologically lack
of proper formations needed for underground injection disposals (Lutz et al., 2013). Especially,
in Pennsylvania, the geologic formations capable of accepting wastewaters are limited (Kappel et
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al., 2013). Now new researches, (e.g. Sminchak, 2015; Yoxtheimer et al., 2016) have pointed out
that some rock formations are acceptable in part of Pennsylvania for underground injection
(Yoxtheimer et al., 2016).

3.2.1.2. Underground Injection Wells or Natural Gas Storage Spaces
Another concern with the geological aspect is that whether to use the reservoirs6
underneath Pennsylvania for natural gas storage or underground injection wells (Yoxtheimer et
al., 2016). Storage reservoirs are usually depleted hydrocarbon reservoirs whose geological and
engineering characteristics make them capable of holding injected natural gases (PA DEP,
20141). Pennsylvania is located in the northeast in the United States, which as mentioned before,
close to big energy markets like New York and Boston. By the end of 2014, there are
approximately 60 underground gas storage fields in Pennsylvania (PA DEP, 20141). For better
resource allocation, natural gas can be storage underground in the storage reservoirs during
abundant period (summer months) and be extract and transported to needed places during energy
demanding seasons (winter months). Although there are viable rock formations for underground
injection wells in Pennsylvania, natural gas storage is a competing use of these formations.
The hypotheses on geological viability for Pennsylvania’s rock formations are analyzed
in Chapter 7, 7.1 using qualitative method, specifically, through existing researches and
literatures.

6

“An underground mass of rock or sediment that is porous and permeable enough to allow oil or
natural gas to accumulate in it.” (The American Heritage® Science Dictionary. Retrieved from
http://www.dictionary.com/browse/reservoir. Accessed on web. March 26, 2016)
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3.2.2. Regulatory Perspective
In the United States, different states have different level of agencies that have primacy
(primary responsibility) over the permitting and regulation of the operation of underground
injection wells. There are federal level (i.e., U.S. Environmental Protection Agency (U.S. EPA)),
state level and joint level (state and EPA program) agencies to control underground injection
wells. Considering the different historical, geological and hydrological conditions in different
states, different levels of agencies for each state have different requirement on how to protect
underground sources of drinking water (U.S. EPA, 2003; GAO, 2014). However, the goal of
these underground injection control programs is the same across the nation, which is to “protect
underground sources of drinking water from contamination by regulating the construction and
operation of injection wells” (U.S. EPA, 2003, p. 8).
The Underground Injection Control (UIC) program was historically began with state
programs (U.S. EPA, 2003). In the 1930s, oil companies began to inject wastewaters into
depleted converted oil production wells and a few states had regulations concerning on ground
water discharges (U.S. EPA, 2003). In 1960s, more states were actively involved in ground water
protection. In 1974, the government took an active role in underground injection control and the
Safe Drinking Water Act (SDWA) is the federal legislation that provides authority for EPA to
regulate UIWs (U.S. EPA, 2003; Pifer, 2016; Johnson, 2016). The U.S. EPA can grant states
primacy for the UIC program. As of the 2015, there were thirty-nine states that have been
granted primacy by EPA (EPA-managed programs) to regulate UIWs in the United States
according to Pifer (2016) (Figure 8).
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Figure 8. Different Levels of Primacy in the U.S.

Source: Source: U.S. Energy Information Administration (EIA)
Accessed on http://www.epa.gov/sites/production/files/documents/21_McCurdy__UIC_Disposal_508.pdf. Feb 20 2016

Ohio Department of Natural Resources (ODNR) is the state level agency that regulates
Ohio’s Class II underground injection wells. The ODNR received its primacy over its
underground injection programs from the U.S. EPA in 1983 (ODNR, 2016). From EPA’s report
in 2015, Ohio’s regulations upon Class II wells not only meet the standards set by the U.S. EPA,
but in many instances exceed all expectations in “inspections, violation resolutions, permitting
requirements, safety regulations and other requirements” (ODNR, 2016).
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In Pennsylvania, injection wells of all classes are regulated under the SDWA program
and U.S. Environmental Protection Agency’s region 3 office in Philadelphia (i.e. EPA has
primacy over the underground injection wells) (Johnson, 2015). Permits are given by EPA to
underground injection well operators as long as the proposed well meets all requirements. In
Pennsylvania, there were 14 underground injection wells for hydraulic fracking wastewater
disposal until the year of 2015, and a number of new wells are being proposed (Johnson, 2015).
Not all of the permitted 14 underground injection wells have been drilled yet. Among the 14
permitted underground injection wells, there are only 8 active wells, which is very few compared
to Ohio’s 215 active wells (Johnson, 2015; Irwin, 2016).
Multiple requirements were settled to ensure the safety for the well operators, local
residences and surrounding environment. In the permit review, EPA must be told about areas of
possible endangering influence from well operations (GAO 2014). EPA also needs be given
information about injection well construction and operation processes (e.g., maximum injection
pressure and injection rates are set to verify the formation that is been injected into will not be
unexpectedly fractured) (Johnson, 2015). All wells need to pass mechanical integrity test to
make sure the operation is safe. Wells that needed to get permits also are required to meet both
state and federal requirements for plugging and abandonment. That is, wells need to be plugged
as proposed and other production formations are forbidden to use the well hole for migrates of
any other fluids after the well is been shut down. Financial responsibility requirements require
applicants to offer financial statement that can prove their supportive for the whole operation
cost for permit review (Johnson, 2015).
Different regulation requirements and processes can cause different transaction cost and
thus result in differences in the number of underground injection wells in Pennsylvania and Ohio.
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Transaction costs are the expenses incurred when making transactions (Nicholson, 2008). In the
underground injection well market, it could be the monetary costs related to local government or
control agencies (e.g. U.S. EPA) for getting a permit, the cost of time and money to go through
the public hearing process and deal with oppositions proposed by local residents, information
cost for searching for available disposal wells, bargaining costs for the price for disposal
wastewaters, enforcement cost to make sure the deal is going to happen as it supposed to be, and
transportation cost for truck drivers to transport the waste water from one place to another. The
high transaction costs facing by proposed underground disposal well owners in Pennsylvania is
an important possible reason for why there are fewer wells being proposed thus fewer wells been
approved along its history.
The hypotheses on how regulatory factors affects the number of underground injection
wells in Pennsylvania will be discussed in Chapter 7, 7.2 using qualitative method, specifically,
compare regulation requirements for the two study states (Pennsylvania and Ohio) and analyze
existing researches and literatures.

3.2.3. Other Economic Factors
From an economic perspective of view, the geologic and regulatory factors as discussed
in the previous sections can be summarized and integrated in a total cost minimization
framework. That is, a rational underground injection owner will try to minimize the total cost
when choosing location for the UIW, which, as mentioned before, includes building cost, the
cost of well plugging, the transaction cost due to regulation and other costs. Specifically,
building cost and the cost of well plugging largely depends on the geologic formation. Due to the
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geologic formation in Pennsylvania as discussed in section 3.2.1, the cost of well plugging is
higher in Pennsylvania than it is in Ohio or other nearby states. In addition, because of a
relatively restrictive and complicated layers of regulation, developing a UIW in Pennsylvania has
high transaction cost than it is in Ohio. As a result, operating a UIW in Ohio may result in a
lower total cost than operating in Pennsylvania. Such lower total cost can be seen as a
comparative advantage that Ohio has over Pennsylvania developing UIWs. The fact that Ohio
has developed many more UIWs than Pennsylvania provides some evidence of such comparative
advantage. And the current situation that a large proportion of Marcellus/ Utica-derived
wastewater is trucked to Ohio for disposal also reflects such comparative advantage. So despite
high transportation cost, the total cost of wastewater disposal in Ohio may still be lower than that
in Pennsylvania (this will be further discussed in Chapter 7).
In addition to those mentioned above, there are other factors that may be important to
explain why there are a relatively small number of underground injection wells in Pennsylvania
than in other shale gas production states. These reasons can be explained in high transaction
costs, public concerns, and the recent decline (e.g. 2007 recession) of oil prices and natural gas
prices, and market structure.

3.2.3.1. Available Funding and Resources
According to GAO (2014), EPA and underground injection programs together allocate
funding to all states, no matter if they are managed by federal government or states. EPA’s
(Underground Injection Control) UIC program has about $11 million funding annually from
mixed resources (including EPA grant funding, federal state personnel and state funding) at least
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from 2004-2014. Between 2003 and 2012, national wide, grant funding for state Class II wells
was approximately $4 million (GAO, 2014). According to Johnson (2015), two factors are most
important concerned when allocating the funds to the state-owned primacy states: 1) state
population, and 2) number of existing wells in that category. If this $11 million is divided
equally into the 39 states that with primacy for permitting underground injection wells, the
number goes to around $282,000 per state per year, which is not a large amount for underground
injection programs.
State programs receive EPA funding and state funding (e.g. revenues from well
permitting fees) to pay for the cost of managing UIC programs (GAO, 2014). As a state-level
primacy owned state, in 2010 and 2011, Ohio’s underground injection well program’s grant from
EPA grant ($161,000 and $156,000) counts more than half (66% and 65%) of its budget.
However, in 2012, Ohio’s underground injection well program’s grant from EPA grant
($152,000) only counts as 17% of its budget (GAO, 2014). It is clear to see that Ohio’s UIW
program receive more funding from the state than from the federal government (EPA). As to
Pennsylvania, in 2016, the EPA’s UIC funding allocation to Pennsylvania is $196,000, and the
state doesn’t have state funding for its UIC program (Johnson, 2016). Thus one of the benefits
that state having primacy on UIC programs could be that state-managed programs are having
more available funding for their UIC program than EPA-managed programs.
Also as a comparison of inspection part for Pennsylvania (EPA-managed program) and
Ohio’s (state program) Class II injection wells. From GAO (2016), there are 4 full-time staffs
who conduct inspections on Class II wells and 8-10 staffs who split inspection responsibilities
between Class II wells and production wells in Ohio; 1 full-time and 3 part-time stuffs who
inspect EPA region 3’ almost 29,000 injection wells (including 1804 Class II wells in
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Pennsylvania). This can be another example of state programs’ focused more on their own region
thus have more sufficient resources to manage their programs.

3.2.3.2. Public Concern
Most states require public notice when issuing an underground injection permit. In some
states, like Pennsylvania, public hearings are required before issuing the underground injection
permits, which usually takes longer time to process than public notice. These process would
certainly extent the time length of issuing the permit and usually these public inputs are
objections for the injection well development. Also, the distribution of benefits and costs
associate with shale development are unequal, citizens live near to shale wells or underground
injection wells will influenced by negative externalities associated with the development.
Citizens who live near an underground injection well might receive little or even nothing for
compensation but still have to bear the possible risks and costs of underground injection wells.
Therefore thus these people may tend to be against the underground injection development. To
be more specific, as discussed earlier in Chapter 2, citizens live around well sites are concerned
about their surrounding environment (e.g. air pollution and water contamination). “NIMBYs (not
in my back yard)” are the name for residents who strenuously oppose land development in their
immediate area (Fischel, 2000). Most NIMBYs are homeowners who cannot insure their major
asset (the land) against potential devaluation caused by land development. Homeownership is a
high-return, high-risk asset that is held by people who have little ability to diversify the risk of
devaluation from neighborhood change (Fischel, 2000), thus public concerns about land
development in their surroundings is important.
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Apart from water and air pollutions, induced seismicity due to high pressure injection
wells can be a potential problem for underground injection well development. This could
increase the level of local residents’ worries about injection well development. Also, the noise
from drilling and heavier transportation, possible increase of crime activities due to immigration
of workers, and redistribution of the landscape can be local people’s concerns when talking
about developing underground injection wells in their access area. These concerns are hindering
the underground injection wells development to some extent. The hypothesis on how public
concerns will influence the number of underground injection wells in Pennsylvania will be
described in Chapter 7, 7.2 using qualitative method, specifically, through analyze existing
researches and literatures on what are the major public concerns on shale gas development and
how these concerns affect the number of permitted shale wells and underground injection wells.

3.2.3.3. The Effect of U.S. Oil Price Decline on the Demand for New Shale Wells and
UIWs
Oil and natural gas are normal goods7, the decline in the price of a normal (or non-inferior)
good can cause a decrease in the good’s supply. One hypothesis for this thesis is that the U.S. oil
price is having positive correlation with the number of new wells drilled. That is, higher prices of
oil and natural gas will encourage drilling new production wells, and lower oil and natural gas
price will curtail drilling because well owners have less motivation for drilling. The price of oil
starts to drop at 2015 during the period of 2010-2016. With lower oil prices and the improved
7

“A good xi for which ∂xi/∂I < 0 over some range of income changes is an inferior good in that
range. If ∂xi/∂I ≥ 0 over some range of income variation then the good is a normal (or “noninferior”) good in that range.” (Nicholson, 2008, p. 144) (“I” is income, “xi” is the good)
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efficiency because of new technology, fewer new shale well are needed to be drilled for oil or
natural gas production in more recent periods. The author tests this hypothesis in Chapter 5 and 6.
The relationship between number of new unconventional production wells drilled each
year and the number of new UIWs drilled each year is not very clear. On the one hand, with less
new unconventional production wells drilled, less total wastewater should be generate. However,
with fewer new wells drilled, the well operators are losing one of the methods to reuse/recycling
of wastewater from drilled shale wells into new wells (Yoxtheimer, 2016). Specifically, older
production wells still producing wastewater, but compared to the time before the decline of gas
prices (mid 2014), fewer new shale gas production wells have been drilled. Thus wastewaters
that used to be reused in new wells need proper management now, which might make the
wastewater management an even more important problem than it is currently. In order to have a
sense of the potential relationship between the number of new unconventional shale wells drilled
and the number of underground injection wells drilled from 2004-2015, the author uses several
cointegration tests, one Chow test and several Tobit regressions and analysis the relationship in
Chapter 7, 7.3 using quantitative method. The Tobit regressions can provide information about
the relationships between the dependent variable and explanatory variables in a clear way (e.g.
positive sign implies positive relationship). Cointegration tests and the Chow test are supportive
tests to examine the relationships in more detail ways.

3.2.3.4. UIW Market is Not Competitive Enough
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People seek to find the way of allocating resources in the most effective way, this is also
called, Pareto efficiency8. Perfect competitive markets can provides efficiency. The perfect
competitive market model assumes that there are a large amount of people buying any one good
and a large number of firms producing each good, consumers takes prices as given as try to
maximize his/her utility, producers has no market power (they are price takers), only produce a
small share of the output and try to maximize their profit. No fees when entering or exiting the
industry in perfect competitive markets (Nicholson, 2008). Efficiency can be obtained if all
assumptions are met. However, in real life, usually not all requirements can be fulfilled. Market
failure can be caused by imperfect competition (some economic agencies exert some market
power), asymmetric information, externalities9 and public goods (Nicholson, 2008). In this case,
one of the possible reasons that might cause the inefficiency of shale gas market is the
externalities associated with the development.
Many of the underground injection wells in Pennsylvania are for internal (non-commercial,
companies only accept their own wastes) use only (Yoxtheimer, personal communication, 2016).
Lack of commercial wells and less access to more underground injection disposal wells increase
the inefficiency of the wastewater disposal market. For example, CNS in the Somerset County
(Figure 6) in Pennsylvania only accepts its own waste but not waste from other operations
(Yoxtheimer, 2016). There are also big difference in disposal volumes between different wells.
Some disposal wells take as low as 4,200 barrels per month, some take about 30,000 barrels a
month (StateImpact, 2016). Alone with the technology required, it implied a big company to

8

“An allocation of resources is Pareto efficient if it is not possible (through further reallocations)
to make one person better-off without making someone else worse off.” (Nicholson, 2008, p. 467)
9
“An externality occurs whenever the activities of one economic actor affect the activities of
another in ways that are not reflected in market transactions.” (Nicholson, 2008, p. 670)
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operate the mechanical processes needed for the gas development. In real life, big companies
always implies they have some sort of market power (e.g. they might have impacts on the market
price). Although the whole extraction processes of natural gas can be subcontracted to smaller
companies thus could possibly increase competitively, but from the current number of
underground injection disposal wells, the market for wastewater disposal is still not competitive
enough. Lack of competition in a market always results in high prices and low quantities for the
product, thus resources might not be efficiently allocated. This might can explain about some of
the fact in Pennsylvania’s shale gas development market, which is, the cost of getting an
underground injection well permit is high thus caused the quantity of existing or in processing
UIWs is low.
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4. Literature Review
Shale oil and gas development is an important issue that has produced and will continue
to have positive and negative impacts on Pennsylvania, Ohio, and other production states in the
Unites States. Along with the increasing importance of shale oil and gas development, there are
studies about impacts of shale development and regulation sectors for underground injection.
To ensure the safety of underground water resources and nearby neighbors (local
residents and well operators), EPA requires appropriate geological data on the injection zone
prior to issuance of a permit to inject fluids (GAO, 2014). Sminchak (2015) did a study on
geologic and hydrologic aspects of brine disposal intervals in the Appalachian Basin. The study
points out that a wide variety of geologic intervals are used for wastewater disposal in
Pennsylvania, Ohio, and other places in the Appalachian Basin. In the study area10, although the
analysis of rock formations indicates that there is a large capacity for brine disposal, the
characteristics of the rock formations may limit injection rates. Rock formations with different
geologic features have different injection performance. Injection rates for different formations
can vary from hundreds of barrels to more than 100,000 barrel per well per month. According to
Sminchak (2015), “effective porosity, pore size distribution, permeability, reservoir
heterogeneity, lithology, diagenesis, and the presence and orientation of faults and/or fractures”
(p. 100) are the key factors that influence reservoir’s injection potential. In the northern
Appalachian Basin (e.g. Ohio), the Mississippian-Pennsylvanian interval has the shallowest
zones used for brine disposal, in this area, the sandstone and limestone units in the formations are

The study area was defined as “Eastern Kentucky, Ohio, Pennsylvania, and West Virginia”
(Sminchak, 2015, p.1)
10
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used for brine disposal. Medina Group sandstone11 intervals in Ohio, Pennsylvania and West
Virginia are active for brine disposal. Also, the Huntersville Chert12 has been used as an injection
zone mainly in Pennsylvania.
The Safe Drinking Water Act (SDWA) assigns EPA to ensure the state or EPA-managed
programs are protecting underground water resources as required. However recent reports from
the U.S. Government Accountability Office (GAO) (2016) shows that the EPA does not have
complete, updated information or consistently conduct oversight activities (particularly
enforcement and inspection information) to do its job. GAO reviewed the requirements of
protecting underground sources by the SDWA, EPA regulations and UIC programs. Then GAO
selected eight states (including Ohio and Pennsylvania) with highest number of Class II wells in
the U.S. After reviewed the provided documentation, interviewed UIC program and state
officials, GAO found that the EPA collects information from state and EPA-managed programs
on a summary level which is not specific enough to assess whether the program is meeting all the
requirements. The report (GAO, 2016) pointed out that because EPA does not require wellspecific information (the time and types of inspections conducted at each well etc.), the
inspection data provided by states have not been well-specific. Therefore, EPA’s ability to track
UIC programs’ performance toward meeting the inspection goal or take actions is limited. Also,
state and EPA-managed programs have different interpretations thus different standards when
reporting significant violations of state or EPA requirements. For instance, Ohio only report
11

“The Medina Group/“Clinton” sandstone consists of interbedded sandstones, siltstones, and
shales, with some carbonates (Laughrey, 1984; Laughrey and Harper, 1986; McCormac et al.,
1996). ” (Sminchak, 2015, p. 101)
12
“The Huntersville Chert is typically a massive, microcrystalline, hard chert with sandy facies
containing well-rounded quartz grains where the Huntersville lies directly on the Oriskany
Sandstone.” (Sminchak, 2015, p. 102)
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violations that were not been resolved and no formal enforcement actions had been taken against
well operators within 90 days from the date the violation has been discovered. While
Pennsylvania programs report all unresolved violations no matter if they have taken formal
enforcement or not. This is resulting in “incomplete and potentially inconsistent information
across programs”. EPA needs to conduct enforcement actions to perform its duties and better
protect underground resources of drinking water (GAO, 2016, p.21).
Researchers have studied about the economics of shale development, specifically,
positive and negative externalities associated with oil and gas development. The positive impacts
are that at least for the period during the “boom” phase of shale gas development, the economy
was boosted in the production state and the connection for related states (transporting natural gas
or wastewater) were strengthened (Jacquet, 2014). But the negative externalities need to be
identified and better understood. Wastewater disposal, as a negative externality from shale gas
development, needs increased attention from researchers and policy makers.
Shale development on oil and gas can bring considerable monetary revenues to producers
and local residents. Benefits to producers can be measured via the value of reserves. The proved
U.S. natural gas reserves increased from around 200,000,000 million cubic feet in 2004 to
388,800,000 million cubic feet in 2014 (U.S. EIA2, 2015). Also, because of the widespread
adoption of fracking technology, U.S. natural gas production increased by approximately 48%
from 19,517,491 million cubic feet in 2004 to 28,814,300 in 2014 (U.S. EIA, 2016). Shale
development benefits for regional economics can be shown in the form of royalty payments to
landowners and public revenues such as taxation and permitting fees. Fitzgerald and Rucker
(2014) estimated that for production counties and nearby counties within 100 miles, royalty
payments exceeding $150,000 per million dollars of oil and gas produced, for some states (e.g.
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Texas and Oklahoma), royalty payments are close to 0.5 percent of state income (as cited in
Mason, 2015, p. 8).
The development of natural gas from shale formations has caused increased supply in
natural gas and lower gas prices, which alone with other factors, is changing coal and oil to
natural gas as an input for electricity generation and industrial manufacturing (Kinnaman, 2010;
Mason 2015). The fuel switching has potential benefits for slowing climate change since natural
gas produce less greenhouse gases than coal and oil (as stated in Chapter 2). Thus less local and
regional pollutant emissions from natural gas than coal is benefiting the air quality in the
development region to some extent. Also, consume either domestically produced or imported
natural gas can yield security externalities (Brown et al., 2013). The increase in natural gas
supply due to technological advances is having positive impacts on the US economy in national
security level as well. Brown and Huntington (2013) argues that with an expanded domestic
resource base (in this case, natural gas), lower imports from foreign oil and gas producers could
possibly reduce the rents paid to those producers, defense expenditures and Gross Domestic
Product (GDP) losses from disruptions.
The expansion of shale oil and gas development implies large increase in employment in
the development regions, but actually the relationship between shale development and change in
employment is not clear. Changes in employment in Marcellus shale developing regions reflect
not only the direct effect due to industry spending and hiring, but also the indirect impact to local
firms as a result of downstream industry spending (Wrenn et al., 2015). Weber (2012) found that
in Colorado, Texas, and Wyoming, where natural gas expanded largely since 1990s, increase in
employment, salary and median household income are impacts of large increases in natural gas
production. Specifically, Weber (2012) demonstrated that each million dollars in gas production
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created 2.35 jobs in the county of production. More recently, Feyrer (2014) found that each
million dollars created 0.53 jobs in the county of production and an additional 2.4 jobs in
counties that are within 100 miles of new production (as cited in Mason, 2015, p. 7). However
the overall employment change due to shale development is not significant and the impact on
local employment is even smaller because many of the jobs created associated with shale
development are filled by nonresident workers (Wrenn et al., 2015; Cosgrove, 2015).
Like some positive externalities, most of the negative externalities associated with shale
development are environmental and public health problems are not priced thus cannot be
calculated directly in U.S. dollars. As discussed in Chapter 2, environmental pollution is
accompanied with shale gas development. Along with local air quality impacts due to dust and
emissions during the development, depletion and contamination of surface and ground water has
been a focus of local residents’ concerns. Water required by hydraulic fracturing can be extract
from rivers, streams, and groundwater aquifers, these will certainly reduce the flow of surface
water or groundwater (Mason, 2015). However, the total quantity of water been used for shale
gas development is relatively small than other purpose such as agriculture irrigation (Kuwayama
et al., 2015; Nicot et al., 2012). Not only in states like Pennsylvania and Ohio, where water is
abundant, in Texas, where water is scarce, surface water withdraws for shale development only
represent less than 1% of statewide water withdrawals (Nicot et al., 2012). Also in the same
study, Nicot and Scanlon (2012) found that the fraction of underground water withdraw for shale
gas development is small as well. The risk of accidentally release of contaminated water to
surface or underground not only affect the quality of drinking water, but also affect waterfowl
species, which can cause economic damages (Mason, 2015). Muehlenbachs et al. (2014) found
that in the shale gas developing area, local residents’ properties are positively affected by the
- 42 -

drilling of a shale gas well for whom depends on piped water from public water sources, while
negatively affected by the drilled well for whom depends on ground water. Specifically, after a
shale gas well is drilled, groundwater-dependent homes within 1.5 km of the well lose
approximately 3.4% of their market value. However, Brantley et al. (2014) stated that only rare
evidence of contamination that could be attribute to shale gas development in Pennsylvania.
According to Brantley et al. (2014), only two incidents nationwide (one in West Virginia and one
in Wyoming) have been reported where fracturing fluids have entered drinking water or ground
water because of shale development. Although individual accidental release of wastewaters can
happen, the overall impact on Pennsylvania’s waters due to shale gas development has not been
broadly observed (Brantley et al., 2014).
Negative externalities associated with shale development and underground injection
development are major problems when talking about public concern. Public concern is an
important aspect when issuing permits for underground injection wells in states and communities,
the process of issuing a permit can be proponed due to negative statements from public inputs.
With the rising standard of living, people are receiving and expecting a better living environment
(better air and water quality, well-educated neighbors etc.). Muehlenbachs et al. (2012) estimated
how people’s property values changes when potential water contamination is brought with shale
gas development, although there are lease payment or improved local economic conditions for
compensation, it is still a net loss in property values for local people who depends on
groundwater. Local residents who oppose shale gas development or who propose underground
injection well development may do this because of potential or real risks along with these
developments. As discussed in Chapter 3, NIMBYs are examples of local public power that
against shale development and underground injection wells in their immediate areas. In
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Pennsylvania, EPA and Pennsylvania DEP (PA DEP) takes comments on proposed injection
wells (Frost, 2016). For example, in March 2016, 16 people presented testimony to against
proposed disposal injection well in Dubois, Pennsylvania to PA DEP. The city councilwoman
said the proposed injection well is “in zones that are a danger to the drinking water of 25,000
people” in different local townships. The councilwoman also said that the proposed injection
well would be drilled in a fault zone prone to earthquakes (McClure, 2016).
The sudden change in a community because of shale gas development can also bring
concerns to local governments. Changes in the demand and supply for services for the shale
development is challenging the local government’s capacity of handling these issues. How to
deal with the rapid influxes or outflows of workers, how to adjust current policy to keep up with
the development and providing enough public services, how to manage the taxes, royalty dollars
and impact fees result from extraction to ensure the community is at least as well off in the long
run are some challenges and opportunities for local government in production regions (Kelsey,
2014).
Public concern about induced seismicity associated with shale development and
underground injection development is very important. Induced seismicity due to shale
development and underground injection has been discussed by Pifer (2016) and Wines (2016).
Pifer gives definitions for seismicity activities related to hydraulic fracturing and underground
injections. He pointed out that most of induced seismicity activities in recent years believed by
many researchers are results of hydraulic fracturing or underground injection wells. From 19732008, in the central and eastern United States, there were 21 induced seismicity on average per
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year that exceeding magnitude three13, then significantly increased to 99 earthquakes on average
per year during 2009-2013, and 659 earthquakes in the year of 2014 (Pifer, 2016). Induced
seismic activities are growing at a rapid rate and wastewater disposal wells are believed to be the
largest cause of induces seismicity in recent years (Pifer, 2016). Studies has showed the four
potential causes for induced seismicity during oil and gas development are: “deep wastewater
well injection” (believed to be the dominant cause), “withdraw of fluids from ground”, “highvolume hydraulic fracturing itself” (not much), and “waster flooding for enhanced recovery”
(Pifer, 2016). Oklahoma, Kansas, Texas, Corado, New Mexico and Arkansas are typical states
that’s been known as affected by man-made earthquakes due to wastewater disposal (Wines,
2016). Pifer has listed recent seismic events in Oklahoma, Ohio, Arkansas, and Colorado; many
of them were negative externalities of shale gas development. For example, near Youngstown,
Ohio, there is an induced earthquake swarm in 2011 which is believed to be associated with
waste water injection. In 2014, there is another earthquake swarm in Youngstown that is caused
by hydraulic fracturing. Much worse situations occurred in Oklahoma and Texas (Pifer, 2016). In
Oklahoma, from 1999 to 2013, wastewater disposal rate doubled and Oklahoma is having 2.5
earthquakes per day (in average) in the year of 2016 (Pifer, 2016). According to Wines (2016), in
an average year, Oklahoma historically has had fewer than two magnitude three or greater
earthquakes and Kansas has had even fewer quakes, last year however, 907 in Oklahoma and 54
in Kansas seismic activities has been recorded at magnitude three and above. These seismicity
activities caused public concerns about the development of underground injection wells thus
public concerns about seismicity is very likely to be reported when the UIC programs are
collecting public inputs before issuing the underground injection permit. These public input from
13

Earthquakes in the M3-M4 range are large enough to be felt but small enough that damage is
rarely caused (Pifer, 2016).
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local residents usually postpone the process time thus creating more transaction cost for permit
applicators.
Not all shale development related studies are focused on benefits and cost associated with
shale gas development, some of them have discussed more details about the management of
negative externalities. As mentioned before, wastewater management is one of the important
aspects of negative externalities of shale development. Among different types of wastewater
disposal methods, there has been relatively less research has been done on underground injection
wells than other shale gas related topics (Yoxtheimer, 2016).
Edmundson (2012) provided an overview of different methods of wastewater
management in Pennsylvania. Using a mixed logit model, Edmundson (2012) estimated the
marginal effect of each variate on the probability of choosing a particular disposal method.
Edmundson analyzed three different types of methods of wastewater management: underground
injection; recycling; and onsite treatment and reuse. She discussed factors that Marcellus shale
well drilling site owner might consider when they choose their wastewater disposal method.
According to Edmundson (2012) these factors are price (the cost of the nearest disposal method
for a particular gas production well), distance (the straight-line distance between each gas
production well and the corresponding nearest disposal location), size (the number of gas
production wells operated by a particular drilling company), competition (a count of number of
other gas production wells within a 10-mile radius that choose the same disposal method),
distance to the “nearest” large city, river basin dummy variables (a dummy variable that
indicates in which river basin a particular gas production wells is located) and other related
factors. Empirical evidence showed that price and distance are two predominant factors in
determining disposal method. Edmundson (2012) suggest that further research calculate the
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change in welfare of drilling operators as a result of the change in probability of choosing a
particular disposal method, thus it could provide a monetary quantification of the changes and
makes the intuition of the research better demonstrated to the public.
Webinars about underground injection wells have been presented by government officials
and researchers to academics who are interested in this topic. Karen Johnson (2010 and 2015),
chief of ground water and enforcement branch of the U.S. EPA region 314 (Philadelphia region)
has presented webinars discussed about underground injection control program in Pennsylvania.
The Underground Injection Control (UIC) Program is under the control of 1979 SDWA and it is
set up to protect current and future underground sources of drinking water from contamination, it
regulates emplacement of fluids into the subsurface and it is implemented by EPA, states and
tribes (Johnson, 2010). As mentioned before, EPA has primacy in Pennsylvania. In
Pennsylvania, the UIC program regulations were promulgated in July, 1980 and has been
protected public and private wells for more than 35 years (Johnson, 2010). However, the UIC
program does not regulates hydro fracking process because it is primarily used during drilling of
a production well (production wells are not considered as injection wells) unless diesel fuels but
not water is been injected. UIC program also does not regulate storage of natural gas because
natural gas is no at liquid standard, and UIC programs only regulates liquids. Regulations of
surface features (such as roads, buildings, and well placement) are not covered by the UIC
program, instead, state primacy will regulate surface features (Johnson, 2010). Thus in
Pennsylvania, underground injection well applicants need not only the permits from EPA but
also the permits from Pennsylvania DEP (Johnson, 2010). In Pennsylvania, as stated before,

14

The EPA region 3 office serves Delaware, the District of Columbia, Maryland, Pennsylvania,
Virginia and West Virginia (EPA web)
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wastewater disposal injection wells are typically converted from depleted oil or gas production
wells, and since nearby states (e.g. Ohio) are having the capacity to accept wastewaters (there are
less expensive ways to disposal wastewater), underground injection wells are not necessarily
drilled within Pennsylvania (Johnson, 2010). Johnson introduced classifications of UIC wells
and major permitting requirements by EPA (as presented in Chapter 2 and 3). For a better
development of oil and gas, Johnson (2015) suggests future development on reuse and disposal
of wastewaters and hoping further research on reservoir capacities in Pennsylvania for
wastewater disposal could be done.
Shale gas development has had impacts at the national, state, and local levels (Mason
2015). The economic growth from shale gas development can bring monetary income and might
offset its negative externalities to some extent, but the negative aspects are still important and
cannot be ignored. Production states need to properly manage their externalities when gaining
monetary revenues from natural gas production. Among these negative aspects, wastewater
management need more focus when developing natural gas from shale formations. As presented
before, Pennsylvania is lack of underground injection wells for wastewater disposal, and this can
be case study of discussing the possible barriers for getting an underground injection permit in
the number two natural gas production state in the United States.
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5. Data Collection, Manipulation, and Limitations
This chapter describes the data sources, information, as well as the gaps of the data. The
data used in this thesis were secondary sources collected by the author from different sources,
including information published on the official website’s database, data sheets, and through
personal communications with government or state agencies. Data used for Pennsylvania are
collected from the Pennsylvania Department of Environmental Protection (PA DEP) and United
States Environmental Protection Agency (US EPA), since these are the two official agencies that
are directly related to Pennsylvania’s underground injection well permitting process. Data for
Ohio were collected from the Ohio Department of Natural Resources (ODNR), because this is
the agency that has primacy for Ohio’s UIC programs.

Table 2. Class II Brine Disposal Volumes into UIWs in Pennsylvania and Ohio in 20082012 (in barrels)
Year

Pennsylvania

Ohio

2008

138,723

6,946,806

2009

215,608

7,587,157

2010

169,149

8,469,500

2011

190,934

12,419,849

2012

110,488

12,980,726

Source: Sminchak, 2015
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Table 2 presents the Class II wastewater disposal volumes in Pennsylvania and Ohio
during 2008 to 2012. From 2008-2012, when the years corresponded to significant periods of
Marcellus development, which is having more than 100 wells drilled (Rahm et al., 2013). Ohio is
having increased ability to dispose wastewaters through 2008-2012, while Pennsylvania’s trend
of disposal of wastewaters is not clear in the same period. In 2008, the wastewater volume
disposed in Ohio was 50 times as it is in Pennsylvania. From 2009 to 2012, the wastewater
disposed through injection wells in Ohio is increasing as its rate to the disposal volume of
wastewater in Pennsylvania. Specifically, Ohio has disposed approximately 35, 50, 65, and 117
times of wastewater than the volume disposed in Pennsylvania from 2009 to 2012.

Table 3.1. Wastewater generated in Pennsylvania by unconventional wells in 2013-2015 (in
barrels)
Period

Wastewater
volume

Wastewater volume that
was transported to Ohio

Jan-Dec 2015
Jan-Dec 2014
Jan-Dec 2013

106,922,799
111,445,968
85,994,479

22,674,735
31,100,587
26,936,552

Wastewater volume that was
transported to Ohio for
underground disposal
20,979,831
29,661,824
25,969,252

Table 3.2. Wastewater generated in Pennsylvania by conventional wells in 2013-2015 (in
barrels)
Wastewater
volume

Wastewater volume that
was transported to Ohio

Wastewater volume that was
Period
transported to Ohio for
underground disposal
36,765,197
3,293,658
3,230,096
Jan-Dec 2015
57,480,056
7,610,477
7,504,342
Jan-Dec 2014
49,396,875
7,080,217
6,842,072
Jan-Dec 2013
Source: Original data for Table 3.1 & Table 3.2 was gathered from PA DEP, retrieved from:
https://www.paoilandgasreporting.state.pa.us/publicreports/Modules/Welcome/Agreement.aspx.
Accessed on April 18, 2016.
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The data for Pennsylvania’s wastewater volumes (Table 3.1 and Table 3.2) is from
Pennsylvania Department of Environmental Protection’s (PA DEP’s) Oil and Gas Reporting
website. The Pennsylvania DEP is a state department that aims to protect Pennsylvania’s air,
water and land from pollution thus provide its citizens with cleaner environment and better
health (PA DEP, 2016). The data is filed annually for wastes generated form conventional wells
during the development of natural gas, and every 6 months for wastes generated from
unconventional wells. The data for the total volume of wastewater generated from conventional
and unconventional wells in Pennsylvania and the amount of wastewater been transported to
Ohio for disposal were originally from the PA DEP Oil and Gas Reporting website, and then
manually calculated by the author via excel by adding wastewater volumes reported within each
given time period.

Figure 9: Pennsylvania’s Marcellus Shale Region and UIWs in Different Counties
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Source: originally from the Clean Air Council, then added stars and

sby the author.

Retrieved from: http://www.cleanair.org/program/outdoor_air_pollution/marcellus_shale.
Accessed on April 26, 2016.

The underground injection wells’ data used for Pennsylvania (Table 1 on page 25) in this
thesis is obtained directly from Johnson (personal communication, November 2015 and April
2016), from US EPA region 3. The data provides a geographical view of the location of Class II
underground disposal wells in Pennsylvania until early 2016. The locations of each well in the
original data are classified by different counties. The counties that have underground injection
wells are marked with stars on the map (Figure 9). As mentioned before, there are in total 14
wells (8 stars that represent the 8 active wells, and 6 “ ” that represents the 6 inactive wells on
the map) in Pennsylvania by the end of 2015. The starts on Figure 9 just represent the number of
underground injection wells in each county, they doesn’t represent the exact location of each
well. In Pennsylvania, Warren County and Clearfield County in the west part of Pennsylvania are
the counties that having most Class II underground injection wells (3 UIWs in each county), and
these are recently permitted in the state. Although the specific location of wells in each county is
not available on the EPA website, after correspond the county information from Johnson’s data
(Table 1 on page 21) to the county map (Figure 9), the data still provides an indication that the
current underground injection wells are all located in the western part of Pennsylvania. The
underground injection wells in Pennsylvania are geographically close to Ohio, which also
matches the distribution of Marcellus and Utica shale resources (Figure 4 on Page 8) in these two
states. The list of permitted underground injection wells in Pennsylvania from Johnson (personal
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communication, November 2015) also provides more information. This includes the year the
permit was issued and the formation of the permitted wells are planned to be drilled into. The
permitted time of each well in Pennsylvania data is used when discussing the relationship
between well numbers and U.S. oil prices in Chapter 6.
Part of the data used for Ohio’s underground injection program was acquired from the
Ohio DNR website (http://oilandgas.ohiodnr.gov/industry/underground-injection-control#law).
This page provides general information about the UIC program in Ohio, locations of
underground injection wells in Ohio (Figure 11) as well as the links to all the state’s
requirements (Appendix B on page 113) when applying for an underground injection well’s
permit in Ohio. The other part (Appendix A on page 105) of Ohio’s injection well data is
acquired from the ODNR through personal communication. The data sheet list the Class II
underground injection well permits been issued to Ohio by the end of March 2016 alone with
other well-related information (e.g. permit date, operation pressure, and well owner’s
information). In order to have a similar view of the map as Figure 9 for Ohio that includes shale
resources information and UICs information in Ohio, Figure 12 was created by the author by
combining the information from the Ohio Environmental Protection Agency and the Ohio
Department of Natural Resources.
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Figure 10: Ohio’s Marcellus and Utica Shale Regions in Different Counties

Source: Ohio Environmental Protection Agency
Accessed on http://www.epa.state.oh.us/MarcellusandUticaShale.aspx. March 1, 2016.
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Figure 11. Class II Underground Injection Wells in Ohio

Source: Ohio Department of Natural Resources
Accessed on
http://oilandgas.ohiodnr.gov/portals/oilgas/pdf/Class%20II%20Brine%20Injection%20Wells%20
of%20Ohio%2003102016.pdf. March 8, 2016.
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Figure 12: Ohio’s Marcellus and Utica Shale Regions and UIWs in Different Counties

Source: Ohio EPA and ODNR
Note: this is a combined figure of Figure 11.1 and Figure 11.2 (combined by the author)

Until November 2015, there were fourteen permits given by the U.S. EPA to
Pennsylvania underground injection well owners to disposal wastewater from shale gas
development (Johnson, personal communication, November 2015). In total 243 permits were
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issued to Ohio’s underground injection well owners by the end of February 2016 (ODNR, 2016).
Among them, there were eight (representing for approximately 57% of total wells) active wells
in Pennsylvania and 215 (around 88%) active wells in Ohio (Table 4).
For Pennsylvania, according to Johnson (2016, personal communication), it usually takes
6-12 months to process a Class II underground injection well’s permit. In Ohio, although the
actual time it took for each underground injection well to obtain its permit cannot be obtained by
the author (Irwin, personal communication, April 2016), the technical requirements15 on the
ODNR webpage has described the timelines for most permits. Thus the approximate time to
obtain a permit in Ohio can be estimated to have a minimum and maximum days. (Table 4).

Table 4. Comparison for Pennsylvania and Ohio

Number of permitted Class

Pennsylvania

Ohio

1,80416

2,39417

1418

24319

8

215

II wells through 2013
Number of permitted
underground injection
wells through 2015
Total active wells

The requirements for Ohio’s UIC permits can be found in the Appendix B at page 113.
Data is gathered from GAO, 2016, p.38
17
Data is gathered from GAO, 2016, p.38
18
Data is gathered from Johnson, personal communication, November 2015
19
Data is gathered from Irwin, personal communication, April 2016
15

16
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(Table 4 continued)
Rock formation availability
Regulatory agency

Yes

Yes

EPA (federal)

ODNR (state)

Yes

Yes

30 days20

15- 30 days21

Public announcement
required or not
Time needed for collecting
public input
30 days following the

Time needed to respond to
Several months

22

completion of a hearing23

public hearings
Time need to get a permit
(approximately)
Permit fee

usually 6-12 months

30-65 days25

1 have taken 2-3 years24
No application fee26

$250027
(for Ohio)

Inspection staff numbers

(for EPA region 3)

4 full time, 8-10 split between

1 full time, 3 part time 28

production wells and Class II
wells29

20
21
22
23

24
25
26
27
28
29

Data is gathered from Johnson, personal communication, April 2016
Data is gathered from ODNR (Appendix B), part (H) on page 115, April 2016
Data is gathered from Johnson, personal communication, April 2016
Data is gathered from ODNR (Appendix B), part (H) on page 115, April 2016
Data is gathered from Johnson, personal communication, April 2016
Data is gathered from ODNR (Appendix B), part (H) on page 115, April 2016
Data is gathered from Johnson, personal communication, April 2016
Data is gathered from ODNR, accessed on http://codes.ohio.gov/orc/1509.22, April 2016
Data is gathered from GAO, 2016, p.52
Data is gathered from GAO, 2016, p.52
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Table 4 compares the differences between Pennsylvania and Ohio with respect to the
hypotheses discussed in Chapter 3. It shows that from the data gathered from EPA and ODNR,
there were 14 Class II underground injection well permits issued in Pennsylvania, and 243 in
Ohio at the end of 2015. That is, Ohio is having as 19.5 times the number of disposal wells to
dispose wastewaters generated from shale gas development than Pennsylvania. This difference in
well numbers generally matches the wastewater disposal volumes in Ohio and Pennsylvania in
the recent years (2008-2012), since Ohio is disposing more and more wastewater at an increasing
rate of its disposal volume compared to Pennsylvania’s (Sminchak, 2015) (Table 2). Table 4 also
includes the differences of regulatory agencies, time needed to process issuing a permit, and
other related information in Pennsylvania and Ohio. These differences in Table 4 can provide a
clearer view and support to explain hypotheses made in Chapter 3 about the barriers of
Pennsylvania’s underground injection well owners. The information presented in Table 4 will be
analyzed in Chapter 7 and Chapter 8.
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Table 5: The Monthly U.S. Oil Prices, Number of New Unconventional Wells Drilled in
Pennsylvania and Ohio, and the Number New UIWs drilled in Pennsylvania and
Ohio (2004-2015).
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Source: U.S. EIA accessed on https://www.eia.gov/dnav/ng/hist/n3020us3m.htm, April 26 2016.
PA DEP, accessed on
http://files.dep.state.pa.us/oilgas/bogm/bogmportalfiles/Annual_Report/2014/2014_Annual_Rep
ort_for_web_July1.pdf, May 1 2016.
ODNR, accessed on
http://apps.ohiodnr.gov/oilgas/rbdmsreports/Downloads_PermitAndPlug.aspx.pdf, May 1 2016.
Johnson, personal communication, November 2015.
and Irwin, personal communication, April 2016.

- 63 -

Table 5 presented the number of new unconventional shale wells and the number of new
underground injection wells in Pennsylvania and Ohio in each month from 2004-2015, along
with monthly U.S. oil prices. From 2004-2015 (144 months in total), the total number of drilled
unconventional shale wells in Pennsylvania was 9,593 and 46 in Ohio, the total number of drilled
underground injection wells was 8 in Pennsylvania and 114 in Ohio. The information in Table 5
was used to discover the relationship between the number of underground injection wells in
Pennsylvania, Ohio and U.S. oil prices.
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6. Methodology
In order to have a better understanding of the potential reasons for Pennsylvania’s lack of
underground injection wells compared to Ohio. Qualitative methods and quantitative methods
are used to analyze the hypotheses described in Chapter 3.

6.1. Qualitative Methods
The author uses qualitative methods to analyze the hypotheses related to the issue of
Pennsylvania’s current lack of underground injection wells on geologic factors, regulatory
factors, and factors that are related to public concerns.
For the geological aspect proposed in Chapter 3, 3.2.1, the author collected information
from various literatures and through personal communications and analyze the viability of
Pennsylvania’s rock formations for underground injections in Chapter 7.
For the regulatory aspect proposed in Chapter 3, 3.2.2, the author uses data from PA DEP
and U.S. EPA as to Pennsylvania, and ODNR data for Ohio. From the data collected, the author
discusses the differences in required processes to get a permit in Pennsylvania and in Ohio in
Chapter 7. Because of the different control agencies and thus different requirements, the
transaction costs in these two states can be quite different. The author also discusses how public
concerns increase the transaction cost in Pennsylvania and Ohio using qualitative method. And
how Pennsylvania’s public hearing process increase the difficulty to get a permit in Pennsylvania
than Ohio, which does not require public hearings.
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6.2. Quantitative Methods
Given the data (Table 5) for Pennsylvania and Ohio listed by months, the author uses
time series models and linear models to test the hypothesis 3.2.3.4 in Chapter 3. The author is
interested in investigating the signs (positive or negative) of two groups of relationships. The
first group of relationships are if the price of U.S. oil are having positive relationship with the
number of unconventional shale wells in Pennsylvania and Ohio from 2004-2015. And the
second group of relationships are if the change in the number of unconventional shale wells will
have any relationship with the number of underground injection wells in Pennsylvania and Ohio
during 2004-2015. The author uses data between 2004 and 2015 because these are the years that
Pennsylvania and Ohio using unconventional methods to extract shale gases.
In order to analyze these relationships, the author first uses Augmented Dicky-Fuller
(ADF) tests to check stationarity30 for each of the five lists of the data in Table 5 (exclude “Time
Period”). If these parameters are stationary then the results for these data are more stable since
their statistical properties will not change over time. Specifically, the five series need to be
checked are U.S. oil price, number of new unconventional wells drilled in Pennsylvania, number
of new unconventional wells drilled in Ohio, number of new UIWs drilled in Pennsylvania, and
number of new UIWs drilled in Ohio from 2004-2015. If there exists nonstationary series, the
author uses Johannsen’s conintegration31 test to check if there exists any causation relationship

30

“A stationary time

series is one whose statistical properties such as mean, variance,
autocorrelation, etc. are all constant over time.” (Retrieved from Duke University's website,
accessed on http://people.duke.edu/~rnau/411diff.htm, Jun 23,216)
31
“The components of the vector xt are said to be co-integrated of order d, b, denoted xt - CI(d,
b), if (i) all components of xt are I(d); (ii) there exists a vector a(0O) so that zt=a'xt-I(d -b), b>0.
The vector a is called the co-integrating vector.” “cointegration would mean that if the
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between the nonstationary variables. The author also uses several Tobit regressions and a Chow
test to test possible relationships (positively correlated, negatively correlated or not really
correlated) between these variables. The author chooses Tobit regression instead of Ordinary
Least Squares (OLS) because many observations in the dataset are zero.

6.3. Notations and Tests
Multiple tests were used in the quantitative part of this thesis.
For ADF stationary tests and Johannsen’s cointegration tests, let t represents the time,
where t= 1, 2… 144. Let Pt represent the U.S. oil price at time t, Xt represent the number of new
unconventional wells drilled in Pennsylvania at time t, Yt represents the number of new
unconventional wells drilled in Ohio at time t, Mt represents the number of new UIWs drilled in
Pennsylvania at time t. Nt represents the number of new UIWs drilled in Ohio at time t. β, γ, δ
are coefficients.
Augmented Dicky- Fuller test are used to test stationarity for time series samples. In this
thesis, the author uses the ADF test to test whether each of the five datasets is Table 5 is
stationary or not. The five series can be written in the form as follows:

components of xt were all I(1), then the equilibrium error would be I(O)” (Engle 1987 et al. p.
253)
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∆Pt = γP Pt-1 + δP∆Pt-1+εP
∆Xt = γXXt-1 + δX∆Xt-1+εx
∆Yt = γYYt-1 + δY∆Yt-1+εY

(1)

∆Mt = γM Mt-1 + δM∆Mt-1+εM
∆Nt = γN Nt-1 + δN∆Nt-1+εN

Here, ∆ is the difference operator (e. g. ∆Xt = Xt − Xt-1). The null hypothesis of the ADF test is:
H0: γ = 0 (the tested series is nonstationary).
This null hypothesis is to test whether the γ’s in equation (1) are significantly different from zero.
The test statistic is:
τ=

γ̂ − 0
SE (γ̂)

𝑑

Under the null hypothesis, τ → 𝑁(0,1). Thus a large absolute value of τ implies the rejection of
the null hypothesis. Thus the test concludes the process is nonstationary.
From the results of the ADF test, if the original series are nonstationary, the author then
tests if first difference series (of each series) are stationary or not, still using the ADF test. If the
first difference series are stationary, the author concludes that the series are integrated by order 1,
denoted as Pt ~ I (1) and Xt ~ I (1). In the case that two tested series are I (1), in order to test
whether there is a long run relationship between these two series, the author uses Johansen
cointegration test in the context of Vector Error Correction Model (VECM) (Johansen, 1988) to
check if there exist any cointegration relationship between the two tested series. The bivariate
VECM of Pt and Xt take the form of:
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P

μ1
ε1
∆P
P
∆P
[ t ] = [μ ] + Π [ t−1 ] + ∑ Ai [ t−i ] + [ε ]
Xt−1
∆Xt
∆Xt−i
2
2
i=1

where Π and Ai are coefficient matrices. The author tests the rank of Π to see if there is
arelationship between the two series (∆Pt, ∆Xt). The null hypothesis for the Johansen
cointegration test is:
H0: rank (Π) ≤ r.
where r = 0, 1, 2. Note here rank (Π) cannot be bigger than 2. That is, rank (Π) ≤ 2 must be true.
Thus of interest is to test whether rank (Π) = 2, rank (Π) = 1 or rank (Π) = 0. If rank of Π = 2,
then the two tested series are stationary. If rank (Π) = 1, then the two tested series are
cointegrated, i.e., there exists stationary linear combination of Pt and Xt, which means there is a
long run (stable) relationship between the two tested series. If in the other case rank (Π) = 0, then
there is no cointegration (Engle et al., 1987) between the two tested series.
To understand the possible relationships between the number of unconventional shale
wells and U.S. oil price and the relationship between the number of newly drilled unconventional
shale wells and the number of newly drilled UIWs in Pennsylvania and Ohio from 2004-2015. In
this thesis, the author rearranged the datasets in Table 5 to Table 6.2 (Appendix E, page127) and
sets up four Tobit regressions and a Chow test to test the relationships.
For discussing the relationships between U.S. oil price and the number of newly drilled
unconventional shale wells in Pennsylvania and Ohio, the author uses three Tobit regressions as
follows:
For Pennsylvania: wells = a1 + p1*oilprice+ ε1
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for Ohio: wells = a2 + p2*oilprice+ ε2
for Pennsylvania and Ohio: wells = a3 + b3*time + c3*PA+ p3*oilprice+ ε3
Hypothesis: H0: p1, p2 and p3 are positive.
The author then uses another Tobit regression and a Chow test to test the relationship
between the number of newly drilled unconventional shale wells and newly drilled underground
injection wells in Pennsylvania and Ohio during the period of 2004-2015.
Model for the Tobit regression: UIW= a4+ d4*wells+ p4*oilprice+ b4*time+𝜀 4
Models the Chow test: UIW=a+ d*wells+ p*oilprice+ d*time+𝜀
UIWoh=a5+ d5*wells+ p5*oilprice+ b5*time+𝜀 5
UIWpa=a6+ d6*wells+ p6*oilprice+ b6*time+𝜀 6
Hypothesis for the Chow test: H0: a5=a6, d5=d6, p5=p6, and b5=b6.
The Tobit test related to UIWs can describe the relationship between the number of
underground injection wells and the number of unconventional shale wells in Pennsylvania and
Ohio. The Chow test can show if the linkage of Ohio’s UIWs and the explaining factors (number
of shale wells, oil price, and time) is different from that of Pennsylvania and its explaining
factors.
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7. Results and Discussion
Due to the expansion of shale gas development, the supply of shale-related wastewater
has increased in recent years. By 2013, over 50,318,486 barrels of wastewater had been
generated during the Marcellus shale development in Pennsylvania (Rahm et al., 2013).
According to more recent data from the PA DEP, in total, 448,005,374 barrels of wastewater was
generated through conventional and unconventional wells during the oil and gas development in
Pennsylvania from 2013-2015 (Table 3.1 and Table 3.2 on page 49). Due to the lack of
underground injection wells to deal with the wastewater generated in Pennsylvania shale
development, a good deal of its wastewater was transported to nearby states such as Ohio and
West Virginia for disposal. Specifically, approximately ¼ of the wastewater generated from
conventional and unconventional wells in Pennsylvania from 2013-2015 was transported to Ohio
for disposal. The demand for wastewater disposal wells (i.e. underground injection wells) should
be high in Pennsylvania because of the large amount of wastewater volume generated this far
and will likely produce in the future. However the supply of wastewater disposal wells in
Pennsylvania is not as great as it is in Ohio, and there is little research or government planning to
provide for wastewater disposal infrastructure (Abdalla, personal communication, 2016). This
thesis discusses the potential reasons for why there is lack of supply of underground injection
wells in Pennsylvania.

7.1 Geologic Formation Factors
There used to be beliefs that Pennsylvania’s rock formations were not viable for
wastewater underground injection wells (Pifer 2016; Yoxtheimer et al., 2016). However the
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geologist pointed out that the same formation for producing oil and gas can also take brine water
back (Johnson 2010). A recent study by Yoxtheimer et al. (2016) has preliminary showing that
there are several rock formations (Oriskany, Medina/Whirlpool, and Elk Sands) in parts of
Pennsylvania that are available for underground injection of wastewater. Especially in western
Pennsylvania, these viable formations occur at sufficient depth with adequate permeability
(Yoxtheimer et al., 2016), which are good for underground injection wells. Similar to Ohio, in
Pennsylvania, many Class II disposal wells inject produced water back to the same formations
where it was produced, and sometimes oil and gas production wells are converted for brine
disposal when they are depleted (Sminchak, 2015). Specifically, Pennsylvania, Ohio, and West
Virginia use the Oriskany Sandstone32 for brine disposal, Pennsylvania use this formation as
storage as well (Sminchak, 2015). The Lockport Dolomite33 is used as one of the main brine
injection zones in northeastern Ohio. There is Lockport Dolomite formation in the northeastern
Pennsylvania as well which indicates the potential of underground injection sites can be
developed in the northeastern Pennsylvania (Sminchak, 2015). Despite there is possibilities that
Class II underground injection well development in Pennsylvania might cost more money than
other states because it does not have as much viable rock formations for underground injection as
other surrounding states do. However, with the improvement of technology and better
understanding of the rock formations underground, the geological aspect is not really a

32

“The Oriskany Sandstone is typically a pure, white, medium- to coarse-grained, quartz
sandstone containing well-sorted, well-rounded, and tightly cemented grains (Diecchio, 1985;
Harper and Patchen, 1996).” (Sminchak, 2015, p. 102)
33
“The Lockport Dolomite occurs at depths of approximately 300 to more than 1500 m (984 to
4921 ft) in the Appalachian Basin, and it averages 45 to 60 m (148 to 197 ft) in thickness.”
(Sminchak, 2015, p. 102)
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fundamental problem for disposal wastewaters through underground injection wells in
Pennsylvania.

7.2. Regulatory Factors
Pennsylvania and Ohio have a big difference in the number of underground injection
wells and regulation agencies for permitting UIWs. One possible reason for the big difference is
that the process to obtain a Class II underground injection well permit in this two states is
different according to their agencies in charge. Primacy from federal level agency or state level
agency can have a big difference on the degree of difficulty to get a permit, thus influence the
transaction cost it takes for underground injection well owners to operate their businesses. As
mentioned in Chapter 3, Pennsylvania, as a representative of a federal level agency (EPA) that
has primacy on its underground injection wells. And Ohio, as a representative of a state level
agency (ODNR) that has primacy on its underground injection wells.
In Ohio, as a representative for state program that holds primacy for its UIC programs,
similar to EPA-programs, requires multiple examinations34 before issuing a permit. Apart from
the application that includes the well location, well owner’s and land owners’ information, and
other related information. The Ohio DNR requires review of surrounding land areas where the
injection well is proposed. Also, to ensure the safety of neighboring residents and natural
resources (especially water resources), geological investigation, allowable injection pressure

34

The requirements for Ohio’s UIC permits can be found in the Appendix B, part (H), at page
115.
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testing, submission of a plan for monitoring seismic activity and other tests might be required if
the examiner deems necessary.
Similar to Pennsylvania and other EPA managed states, in Ohio, public notification of
new application for an underground injection well’s permit is required. After all the required
information has been submitted and the application has been reviewed (within fifteen working
days after the application has been submitted) by the ODNR, the applicant will be notified by the
ODNR on the weekly circular on its webpage. Then the applicant needs to publish a legal notice
in a widely circulation publication (e.g. a newspaper) in the county where the proposed well will
be injected for a period of more than five consecutive days. The chief shall issue or deny the
permit within 21 calendar days if no public comment is held or within 30 calendar days
following the hearing. In conclusion, the applicant in Ohio will receive a notice of whether the
application has been approved or not in around 30-65 days.
The process to get a permit at Pennsylvania can be more complex and expensive than it is
in Ohio. In Pennsylvania, an UIC permit from EPA35 and a well permit from DEP36 are both
needed for well applicators (DEP 2014). As stated in Chapter 3, EPA has their safeguards to
protect underground sources of drinking water from potential affections due to the underground
injections. Different from Ohio, EPA in Pennsylvania requires public hearing processes before
issuing permits. From Johnson (personal communication, 2016), some brine disposal wells are
required for public input process (some permits never generate any interest for a hearing, so it is
not required for public hearing). The EPA issues a draft permit, always notifies the public for a
30 day comment period, and hold a hearing at the close of the comment period if a hearing is
The requirements for EPA’s UIC permits can be found in the Appendix B, part (H), at page
115.
36
The requirements for PADEP’s UIC permits can be found in the Appendix C at page 119.
35
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requested. The reviewing and public hearing process generally takes between three to six months
(Johnson, 2015), if a hearing is held, the process can be extended depending on the number of
comments received. If the EPA decides to issue the permit in final, the response to comments
will be send to all who provided comments or attended the hearing. And according to Johnson
(personal communication, 2016), those individuals who commented our attended the hearing
have the right to appeal the permit decision to the Environmental Appeals Board37 (EAB). And
then the EAB will make the final decision about the permit while this reviewing and decision
process can take about a year (Johnson, personal communication, 2016).
Since Ohio is having the state-level agency to control their UIC program and only
requires public notice, but not public hearings, the time to obtain a permit in Pennsylvania is
much longer than it would take in Ohio. In practice, the permit issuance process usually takes six
to twelve months in Pennsylvania and some can take two to three years (Johnson, personal
communication, April 2016). As a comparison, it only takes around two to three months
according to the ODNR requirements38 in Ohio. The fact that Ohio has its state-level agency to
handle the underground injection program implies the agencies’ work in the ODNR can be
focused on issues in their own state. And due to comparatively more human resources focusing
on the UIC program, and agents can devote their effort to a relatively small area (one state
compares to several states), the time it takes to deal with issues could possibly be shorter in a
state program than it might take when go through a federal-level agency. Thus the time it takes to
proceed an issue of a state program might be faster than a federal-level (EPA-managed) program.
37

The EAB is the “final EPA decision maker on administrative appeals under all major
environmental statutes that EPA administers.” Retrieved from:
https://yosemite.epa.gov/oa/EAB_Web_Docket.nsf. Accessed on web April 20 2016.
38
The requirements for Ohio’s UIC permits can be found in the Appendix B, part (H) at page
115.
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Another example of the benefit to having a state-level agency is that from Table 4,
compared to Pennsylvania and many other EPA-managed states (at least for states in EPA region
3), Ohio is having more regulatory agency staff to oversee its underground injection programs
than Pennsylvania. According to GAO (2016), in EPA region 3, there are only 1 full time and 3
part time staffs that bearing the duty to supervise the underground injection programs. While
EPA region 3 includes Pennsylvania, Virginia, District of Columbia and other three states, the
agencies’ effort that can be devoted to Pennsylvania’s underground injection issues is limited.
Different from Pennsylvania, in Ohio, the ODNR is having 4 full time and 8-10 staffs that are
inspecting their UIC program. With more agencies worked on local issues, the turnaround time
for the ODNR to deal with issues is likely to be shorter than if it is go through EPA.
Apart from the long time it takes to get a permit in Pennsylvania, well owners are also
aware of other transaction costs that are been created from the public hearing process when apply
for a permit. Public concerns about local possible air pollution and water contamination
associated with the underground injection wells are proponing the time for the applicators to
obtain a permit because of the comment or public hearing process. People compare benefit and
cost when making decisions. As discussed in Chapter 4, researchers (e.g. Kinnaman 2010;
Cosgrove 2015; Mason 2015) have studied the benefits and costs of shale gas development.
However, who bears the benefits (positive externalities) and costs (negative externalities)
in shale gas or underground injection development is likely to be a public choice over the
distribution of impacts equity problem. There are different groups of people who are experence
the benefits and/or costs of shale development and the distribution of benefits and costs are
uneven (Jacquet, 2012). Existing studies (e.g. Horst, 2007) about residents’ perceptions on shale
gas development tend to characterize people’s attitudes depending on their proximity (how far
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are they living) to the development area (Jacquet, 2012). Although the geographic scale of the
exact extent of the cost and benefit will occur is unclear (Jacquet, 2012), the cost of shale
development/underground injection development is likely to be imposed on a small group of
people who live near the well sites; and the benefit generated from the shale/ underground
injection development can radiate to a larger radius of residents who live around the
development area but not live close to the well sites. To be more specific, extraction companies,
landowners, the production state, or even the surrounding area are probably receiving direct
benefits from shale gas development in the form of lease payments, royalty payments and direct
economic income from natural gas extractions due to shale gas development (i.e. general benefit),
while the cost side of shale gas development is likely to be limited to local impacts (i.e. focused
cost) such as to small property owners and local residents who do not own land that is suitable
for energy development (Jacquet, 2012; Christopherson et al., 2014; Abdalla, personal
communication, February 2016). Similarly, with regarding to underground injection wells, the
revenues from disposal of wastewater goes to well owners, while the local residents that are near
an underground injection well bears the risks (such as air and water pollutions and induced
seismicity problem) from underground injection but receive nothing for compensation (Kelsey,
personal communication, March 2016). The uneven distribution of benefit and cost could be an
important reason for why there are people like NIMBYs (Chapter 3, page 32) who wanted to
protect their property values against production or disposal well development in their
neighborhoods.
Induced seismic activities due to underground injections could also be a potential
problem for both well operators and the local residents when issuing underground injection well
permits. January 2012, Ohio banned injection wells within five miles of a Youngstown
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underground injection well which was suspected of causing 11 earthquakes in the year of 2011.
Although the ODNR director, Jim Zehringer, claimed that there have been no serious injuries or
property damage because of these earthquakes, induced seismicity is still a potential risk for the
operators and local residents who live near to underground injection wells (The Associated Press,
2012). However, this type of risks can be reduced by conducting more research to have a better
understanding of geology situations, have better monitoring of existing and potential flaws in the
formation and stops operations if small earthquakes begin (Pifer, 2016). Although the safe
Drinking Water Act (SDWA), thus EPA does not address induced seismicity for Class II wells
(Pifer, 2016), underground injection well programs and state regulatory agencies have been reevaluating the capacity of these disposal wells in a manner that will avoid induced seismic
activities in the future (USGS, 2015). In some areas, a three-dimensional system of seismic
testing is used to clarify gas deposit geology before and during the extraction process (Weidner,
2013). With better understanding of shale development process, it is possible to reduce the threat
of induced seismicity. For example, in the year of 2016, although there are still 160 seismic
activities with a magnitude of three or more has been recorded, the pace slowed down steeply
because of the Oklahoma Corporation Commission’s regulation on oil and gas (Wines, 2016).
State and federal oil and gas regulators can help to reduce the number of seismic activities thus
protect the local residents from actual and potential risks from to oil and gas development.
The complex processes according to the requirements and the long time it takes to get a
permit in Pennsylvania is creating high transaction costs to underground injection well
applicators in Pennsylvania. As a substitution for dispose wastewater in the production state,
wastewaters can be trucked and transported to others states for disposal but at high cost.
According to Yoxtheimer (personal communication, 2016), the cost to dispose wastewaters into
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underground injection wells in both Pennsylvania and Ohio are approximately $5-6 per barrel,
and the cost to truck and transport wastewaters is approximately 1$ per barrel per hour of
transport by truck. For those production well owners who are demanding underground injection
disposal wells for the wastewaters generated during extraction processes, whether to send
wastewaters to Ohio for underground disposal or pursue a underground injection well in
Pennsylvania themselves is depending on the cost and benefit it will incur. Although there is no
permit fee for UIWs in Pennsylvania and Ohio does have a permit fee, there are many other costs
that can make it more expensive for Pennsylvania’s underground injection well owners to
acquire a permit than other states. For instance, longer time consumed to go through the
permitting process and potential higher costs for multiple required tests when applying the UIWs’
permit are additional costs when they try to pursue a permit in Pennsylvania than other states.
From the fact that the lack of underground injection wells in Pennsylvania, it is very
likely that the total cost of acquiring a permit and finally operation to dispose wastewaters in
Pennsylvania is higher than to send the wastewaters to nearby states for disposal. In other words,
it is more time and money consuming to obtain a UIW permit in Pennsylvania than in other
states like Ohio. Thus it might be more convenient and cheaper to send wastewaters to other
neighboring states for disposal than acquiring a permit at Pennsylvania in the current system.
The current wastewater disposal market in Pennsylvania might not be efficient as
discussed in Chapter 3 (3.2.3.5). In a market that is free to enter and exit, the two routes for the
management head to find out its failing is when exit and voice shows. “Exit” is the option of
leaving the market or the organization, and “voice” is referred to the attempt to change the
objected state of affairs (Hirschman 1970). It is easy to see from the local residents’ side, they
are letting their “voice” to be heard by the control program (state UIC program or EPA-managed
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program) through public comments processes such as mail or email, or verbally through
testimony at public hearings. Also, from the well owners’ side, the fact that Pennsylvania’s well
owners transported their wastewater to neighboring states for disposal instead of handle their
externalities in their own state can be implying of the inefficiency of the wastewater disposal
market in Pennsylvania. Specifically, for the producers of wastewaters in Pennsylvania, they
have the option of “exit”, which is to dispose their wastewaters into other states; they also have
the option of “voice”, which can be to propose changes in the current management system.
Instead of exit the wastewater disposal market, underground injection well owners in
Pennsylvania can use the “voice” option and ask changes in the current management system. For
example, one possible to change the number of Class II underground injection wells’ number in
Pennsylvania is that Pennsylvania can apply for the primacy to control their underground
injection programs from EPA, this might change the current process related to UIC programs
thus could possibly change the cost for the underground injection well owners, and finally
change the number of underground disposal well numbers in Pennsylvania.

7.3. Possible Influence from U.S. Oil Price and Shale Well Numbers to UIWs
As stated earlier, the author uses several quantitative methods to test the possible
relationships between U.S. oil prices and the number of unconventional wells to the number of
underground injection wells. This is because that the author wants to find out, other than
geological aspects and regulatory aspects, if the number of underground injection wells is
affected by the number of shale wells, and if the number of shale wells are affected by oil prices.
Figure 13 plotted the monthly U.S. oil prices and the number of newly drilled unconventional
wells in Pennsylvania and Ohio during 2004 -2005. Figure 14.1 and 14.2 plotted the incremental
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number of unconventional shale wells and underground injection wells in Pennsylvania and Ohio
from 2004 to 2015. Because there are big differences in the numbers between Xt and other four
series, if plotted directly using the original numbers, the moving trends and possible relationships
between them are not clear, the author uses May 2015 (since this is the month that all variables
are nonzero thus better for calculation) as the referenced year. Thus Figure 13, 14.1 and 14.2 can
provide overviews of the changes and moving trends for U.S. oil price, shale well numbers, and
underground injection well numbers in Pennsylvania, Ohio.

Figure 13: U.S. Oil Price versus Monthly Incremental Number of Unconventional Shall
Wells in Pennsylvania and Ohio (2004- 2015)
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Figure 14.1: Monthly Incremental Number of Shall Wells and UIWs in Pennsylvania
(2004- 2015)

Figure 14.2: Monthly Incremental Number of Shall Wells and UIWs in Ohio (2004- 2015)
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The author uses ADF test to examine if the five series are stationary or not. The results of
the ADF test on the original series are as follows,
 Pt:

Value of test-statistic is: -0.7145
Critical values for test statistics:
1pct 5pct 10pct
tau1 -2.58 -1.95 -1.62

In this case, τ = -0.7145, which accept the null hypothesis, the original monthly U.S. oil
price from 2004-2015 data is nonstationary. The data then taken first difference by the author to
see if the first difference form of the series is stationary or not.
 Xt: Value of test-statistic is: -0.964
Critical values for test statistics:
1pct 5pct 10pct
tau1 -2.58 -1.95 -1.62
In this case, τ = -0.964, which accept the null hypothesis, the original data for the number
of new unconventional shale wells drilled in Pennsylvania from 2004-2015 is nonstationary. The
data then taken first difference by the author to see if the first difference form of the series is
stationary or not.
 Yt: Value of test-statistic is: -6.3262
Critical values for test statistics:
1pct 5pct 10pct
tau1 -2.58 -1.95 -1.62
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In this case, τ = -6.3262, which reject the null hypothesis at 99% level, the number of
new unconventional wells drilled in Ohio from 2004-2015 is stationary, i.e., I(0).
 Mt: Value of test-statistic is: -6.8313
Critical values for test statistics:
1pct 5pct 10pct
tau1 -2.58 -1.95 -1.62
In this case, τ = -6.8313, which reject the null hypothesis at 99% level, the number of
new UIWs drilled in Pennsylvania from 2004-2015 is stationary, i.e., I(0).
 Nt: Value of test-statistic is: -5.3742
Critical values for test statistics:
1pct 5pct 10pct
tau1 -2.58 -1.95 -1.62
In this case, τ = -5.3742, which reject the null hypothesis at 99% level, the number of
new UIWs drilled in Ohio from 2004-2015 is stationary, i.e., I(0).

The author uses ADF test to examine if the first difference of the Pt and Xt are stationary
or not. The results of the ADF test on the first differenced Pt and Xt are as follows,
 ∆Pt: Value of test-statistic is: -7.8119
Critical values for test statistics:
1pct 5pct 10pct
tau1 -2.58 -1.95 -1.62
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In this case, τ = -7.8119, which reject the null hypothesis at 95% level, the first
differenced series of monthly U.S. oil price from 2004-2015 is stationary, i.e., I(1).
 ∆Xt: Value of test-statistic is: -13.113
Critical values for test statistics:
1pct 5pct 10pct
tau1 -2.58 -1.95 -1.62
In this case, τ = -13.113, which reject the null hypothesis at 95% significance level, the
first differenced series of the number of new unconventional wells drilled in Pennsylvania from
2004-2015 is stationary, i.e., I(1).
The author then uses Johansen’s rank test to tests if there are cointegration between Xt
and Pt since they are both I (1). The results of the Johansen’s test for the relationship between Xt
and Pt is as follows:
Rank of Π2: Values of test-statistic and critical values of test:
test 10pct 5pct 1pct
r <= 1 | 2.88 6.50 8.18 11.65
r = 0 | 15.60 15.66 17.95 23.52
In this case, accept the hypothesis r ≤ 1, also accept the hypothesis r = 0, then rank (Π) =
0. Xt and Pt are not cointegrated, which implies there exists no linear combination of these two
variables to hold a long run relationship between the U.S. monthly oil price and the number of
new unconventional wells drilled in Pennsylvania from 2004-2015.
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The Augmented Dickey Fuller tests on the five series provide the results that the original
data of Yt, Mt, and Nt (number of newly drilled shale well in Ohio, number of newly drilled
UIWs in Pennsylvania, and number of newly drilled UIWs in Ohio) are stationary, i.e. they are
I(0). While Pt and Xt (the U.S, oil price; number of newly drilled shale well in Pennsylvania) are
stationary after they are first differenced, i.e. they are I (1). Because Pt and Xt are I (1) series,
Johansen’s tests are used here to test the cointegration relationship between Pt and Xt, thus to
understand if there exist some causation relationships between this two series.
The author uses Tobit regressions and Chow test to analyze the relationship between the
U.S. oil price and the number of newly drilled unconventional wells, and the relationship
between the number of newly drilled shale wells and the number of newly drilled underground
injection wells in Pennsylvania and Ohio. The data used for Tobit regressions and Chow test are
in the form as follows (the specific dataset used are in Table 6.2 in Appendix E on page 127). In
Table 6.1 and Table 6.2, “PA” is a dummy variable, when PA=0, its Ohio, when PA=1, it is
Pennsylvania. “wells” are number of newly drilled unconventional wells drilled in each period.
“UIWs” are number of newly drilled underground injection wells in each period. “wells_PA” is
the product of number of unconventional wells and “PA”. “oil price” are monthly price of oil in
the U.S. in each month from January 2004 to December 2015.Time period numbers were
justified to 1, 2, ….24 in Table 6.1 and 1, 2…, 288 in Table 6.2. This justification will not
change the p value or the R-squared value thus will not influence the accuracy of the model.
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Table 6.1: Tobit Regression and Chow Test Dataset Table (Yearly)

The results for the first three Tobit regressions for discussing the relationship between the
U.S. oil price and the number of newly drilled unconventional shale wells in Pennsylvania and
Ohio are as follows:
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The results shows that the U.S. oil price and the number of newly drilled unconventional
shale wells are positively correlated. Specifically, from 2004-2015,with all the other variables
having same value, Pennsylvania is tend to have more unconventional shale wells than Ohio.
Separately for Pennsylvania and Ohio, a unit increase in the U.S. oil price will increase the
number of newly drilled underground injection wells by approximately 1.12 unit in Ohio and
63.81 unit increase in Pennsylvania. In total, a unit increase in the oil price will increase the
number of unconventional shale wells (in Pennsylvania and Ohio in total) by around 26.69 unit.
The results for the last Tobit regression and Chow test for discussing the relationship
between the number of newly drilled unconventional shale wells and the number of newly drilled
underground injection wells in Pennsylvania and Ohio are as follows:
The result for the Tobit regression on UIWs is:

From this result, with everything else the same, a unit increase in the number of newly
drilled unconventional shale wells will have almost no effect (decrease by 0.03 unit) to the
number of newly drilled underground injection wells in Pennsylvania.
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The result for the Chow test is:
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With df1=4, df2= (144+144-8) =180, the critical value is 2.3719, 2.919962 > F0.05 (4,180)
=2.3719, we reject the hypothesis at 95% confidence level. Thus the relationship of Ohio’s UIWs
and the explaining factors (number of shale wells, oil price, and time) is significantly different
from that of Pennsylvania and the factors.
The results of the three Tobit models accept the hypothesis that during 2004-2015, the
U.S. oil price and the number of newly drilled unconventional shale wells are positively
correlated, which is same as the author predicts. In addition, through Johansen’s cointegration
test, Xt and Pt are not cointegrated, which means there does not exist a long run causation
relationship between U.S. oil price and the number of newly drilled unconventional shale wells
in Pennsylvania.
Also during the period of 2004-2015, the number of underground injection wells drilled
in Pennsylvania or Ohio does not have significant relationship with the number of shale wells
drilled. Specifically, from the last Tobit result, the number of newly drilled UIWs is slightly
negatively related to the number of newly drilled unconventional shale wells in Pennsylvania and
Ohio from 2004-2015. That is, when the number of new unconventional wells drilled in
Pennsylvania and Ohio is low, the number of new UIWs drilled is likely to be high, but the
relationship between shale wells and underground injection wells is not evident since the
coefficient is approximately zero (-0.278375). This is reasonable as discussed in Chapter 3 about
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the possible negative effects due to the decreasing number of shale wells and improved
technology changes, and possible negative effects because of losing the way to dispose
wastewater though recycling. The result from the Chow test also shows the linkage of Ohio’s
UIWs and the explaining factors (number of shale wells, oil price, and time) is significantly
different from that of Pennsylvania and the factors.
For hypothesis 3.2.3.4., from the empirical data and using the tests described in this
Chapter, during 2004-2014, the price of U.S. oil is positively related to the number of newly
drilled unconventional wills in both Pennsylvania and Ohio. However, the relationship between
the number of newly drilled unconventional wells and the number of newly drilled underground
injection wells in Pennsylvania and Ohio is still not clear since the correlation coefficient
between these two variables is almost zero. Also, under the conditions that everything else stays
the same, Pennsylvania is tends to have more unconventional shale wells and less underground
injection wells than Ohio and this is coincide with the current situation. The limitation for data
and methods used for section 7.3 are described in Chapter 5, and possible improvements on the
method will be described in Chapter8.
In conclusion, Pennsylvania’s rock formations are viable for underground injections thus
geological factors in Pennsylvania are not really barriers for underground injection development.
Oil price, as a representative of U.S. energy price, is likely to have positive correlations with the
number of shale wells but rarely have a relationship with the number of UIWs in Pennsylvania.
Instead, the regulation factors are likely to be the barrier that restricted the number of
underground injection wells in Pennsylvania.
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8. Limitations, Future Improvements in Research and Implications
Shale gas development is becoming a critical issue in the United States in recent years.
Along with the shale oil and gas development, more and more wastewater need to be properly
managed to protect the environment and local citizens’ health. This thesis pointed out some
possible barriers for lack of wastewater disposal wells in Pennsylvania. With better
understanding of the regulation and other related influential factors, the shale development in
Pennsylvania can be more economically efficient.

8.1 Limitations
In this thesis, the author examined the relationships among the U.S. oil price and the
number of newly drilled unconventional natural gas wells, and the relationship between the
number of newly drilled number of unconventional natural gas wells and the number of
underground injection disposal wells in a region by using an empirical approach.
The data used in this thesis was gathered by the author from different sources. Some of the
data were gathered from the official government agency websites and some through personal
communications. This is because not all needed information is available online and free for the
public. For example, the data for the exact time it takes to get a permit in Ohio is not available
for public (ODNR, 2016). For Pennsylvania’s case, the data for the exact time it takes to get a
permit in is also not available through U.S. EPA as well. In order to collect these information for
Pennsylvania, the author would have needed to file a FOIA (Freedom of Information Act)
request to the U.S. Department of Justice and will be charged for staff time and effort looking up
responses. Due to the limited funding, this thesis wass not able to gather enough data to compare
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the differences in the exact time spent in Pennsylvania and Ohio. Thus it does not provide a
detailed analysis on how public concern, as a possible component of transaction costs, can
influence the time to process an underground injection permit application and finally influence
the number of underground injection wells in a region.
This thesis does not provide a thorough investigation on the geological formations in
Pennsylvania and Ohio because the data from detailed spatial data for rock formations in regions
or counties within a state is lacking. For example, it would be more precise to have county level
data on geological formations when understanding the viability of rock formations in different
counties in each state to develop underground injection wells.
For the model used in 3.2.3.3 in Chapter 3, the relationships were examined using five
variables. In the real world, it is likely to be more than five variables that can significantly
influence the number of UIWs in each state. For example, the quantitative methods does not
include transaction cost (such as permit fee and transportation cost) which is very likely to have
impact on the number of underground injection wells in each state. With more relevant variables
added into the model, the possible influential factors of underground injection well development
could have been addressed more comprehensively.
Also, the author did not develop a way to properly measure the institutional differences
between Pennsylvania and Ohio. Thus this thesis only compares the regulatory differences
between the two states through qualitative analysis. It can be more informative to decision
makers if there were quantitative measures on the regulatory differences between Pennsylvania
and Ohio. To improve this, future research may use indexes to measure the institutional
differences.
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8.2. Future Improvements in Research
A possible improvement for the accuracy of the results for the relationships between the
number of newly drilled unconventional wells and the number of newly drilled UIWs in a region
is to study it over a longer time period. The beginning time of the period is set to be the year
2004 since this is the year that Pennsylvania and Ohio began some use of unconventional
methods when developing shale oil and gas. Further studies can wait and use data from future
years in order to increase the number of observations in the models, then the degree of freedom
can increase, and thus more precise results can be provide by the models.
This thesis discussed Pennsylvania’s underground injection issue using Ohio as a control
jurisdictional unit since it is closely related to Pennsylvania’s UIW issues. Future research can
also use data from other states in the United States to have more precise comparisons for
Pennsylvania within the United States.
Also, with some available funding, an interesting aspect to explore on this topic is to
gather data on the exact time it takes to process public notice and public hearings to study how
public voices can influence the decision on permitting underground injection wells in different
states. As mentioned in earlier, the institutional differences between Pennsylvania and Ohio can
be quantified using some indexes, which can be included in the model, other related transaction
costs can also be added to the models by adding more variables. With these improvements,
improved research approaches can provide better understanding on how different factors can
influence the number of underground injection wells in each state.
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8.3. Implications
8.3.1 Implications to Policy Makers and Other Decision Makers
To shorten the time it takes to process UIW- related affairs and thus improve the
efficiency of the underground injection program in Pennsylvania, Pennsylvania has the option to
pursue state primacy over regulation of underground injection control programs. As discussed
earlier, state managed UIC programs usually have more funding and more agencies thus can
process permits and related regulatory issues in a shorter period than federal (EPA) managed
programs.

8.3.2. Implications for Underground Injection Well Applicators
Underground injection well applicators in Pennsylvania can improve the quality of their
proposed well applications. Thus shorten the time to deal with public concerns and thus possibly
shorten the time to process the application through different ways. For example, by improving
technology and doing more geological tests to have a detailed protection plan before operation of
disposal wastewaters to make sure it is safe for underground injection wells within the proposed
area. This might help convince local citizens that water, air pollution or induced seismicity
activities due to underground injection are not likely to occur.
Another way to deal with public concerns for the underground injection well owners is to
compensate local residents through monetary compensation or other ways of compensation.
These methods try to reduce the potential risks (pollution and seismicity) for local residents, or
providing them with benefit (compensation actions) from the standpoint of people who live near
the proposed underground injection wells. Thus the resistance to underground injection well
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development from public voice could be smaller and the process to go through UIW permitting
can be faster so the transaction costs for UIW applicators can be lower.
After comparing Pennsylvania and Ohio through different lenses, the author concludes
regulatory issue is the major factor that causes a relative low number of underground injection
wells in Pennsylvania. Due to such regulatory factor, the cost of operating an underground
injection well in Pennsylvania for wastewater disposal is significantly higher than that in Ohio.
The author shows the difference can be higher than the transportation cost, which is consistent
with the fact that a large amount of wastewater has been transported to other nearby states (e.g.
Ohio) for disposal.
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Appendix B: Permit requirements for Ohio’s UIWs
Any person who proposes to construct, convert to, or operate a brine injection well shall submit
an application for a permit to the division on a form provided by the division.
(A) Permit required. Unless an appropriate application has been approved by the chief and a
permit issued by the division, no person shall drill, reopen, deepen, plug back, rework, or use a
well for brine injection. In order to evaluate the potential for injection, the chief may authorize
injection without a permit for a period not to exceed forty-eight hours subject to specific
conditions. Prior authorization in writing is required.
(B) Area of review. An application for a brine injection well filed with the division under this
rule shall be evaluated on the basis of an "area of review" surrounding the proposed injection
well. The area of review shall be designated in the following manner:
(1) The area of review for wells in which injection of greater than an average volume of two
hundred barrels per day per year is proposed shall be the area circumscribed by a circle with the
center point at the location of the injection well and having a radius of one-half mile.
(2) The area of review for wells in which a maximum injection of an average volume of two
hundred barrels per day per year is proposed shall be the area circumscribed by a circle with the
center point at the location of the injection well and having a radius of one-quarter mile.
(3) An area of review other than one described in paragraph (B)(1) or (B)(2) of this rule may be
designated by the chief for good cause shown.
(C) The chief may require the following tests or evaluations of a proposed brine injection well, in
any combination that the chief deems necessary:
(1) Pressure fall-off testing;
(2) Geological investigation of potential faulting within the immediate vicinity of the proposed
injection well location, which may include seismic surveys or other methods determined by the
chief to assist in identifying potential faulting within the immediate vicinity of the proposed
injection well;
(3) Submittal of a plan for monitoring seismic activity;
(4) Testing and recording the original bottomhole injection interval pressure;
(5) Gamma ray, compensated density-neutron, and resistivity geophysical logging suite on all
newly drilled injection wells. All geophysical logs shall be submitted to the division within sixty
days of completion of well drilling;
(6) Radioactive tracer or spinner survey; and
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(7) Any such other tests that the chief deems necessary. The applicant may request a meeting
with the chief to discuss any test deemed necessary.
(D) If the chief requires the performance of tests or evaluations of a proposed injection well
pursuant to paragraph (C) of this rule, the applicant shall refrain from injecting any fluid into the
injection well until the chief has evaluated the results of any tests performed. The chief shall
have the right to withhold authority to inject fluids based upon the results of the tests performed,
and may order the plugging of the well if deemed necessary.
(E) The chief, in his discretion, may implement graduated maximum allowable injection pressure
requirements based upon data provided in the permitting process and any applicable testing
requirements.
(F) Application for permit. The application for a permit shall contain the following information:
(1) The name and address of the injection well owner and his signature or that of his authorized
agent. When a person signs as agent, a certified copy of his appointment shall accompany the
application, or be on file with the division;
(2) The names and addresses of all holders of the land owner's royalty interest of record, or
holders of the severed oil and gas mineral estate of record in the subject tract;
(3) The names and addresses of all owners or operators of wells within the area of review
producing from or injecting into the same formation proposed as the injection formation;
(4) The date of application;
(5) The location of the subject tract identified by county, township, section or lot number, or
other necessary geographic subdivisions;
(6) The designation of the well by lease name and number, and the drilling permit number, if
available;
(7) The name, description and depth of the geological zone or formation into which injection is
to be made, including, if an existing well is utilized, an accurate driller's log, geological log, or
electric log of the proposed injection well, and any testing data on such well;
(8) A description of the following:
(a) The casing, cementing or sealing with prepared clay if an existing well is to be converted, or
the casing and cementing program proposed for a new well;
(b) The proposed method for testing the casing;
(c) The method proposed for completion and operation including the stimulation program; and
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(d) The proposed unloading, surface storage and spill containment facilities.
(9) If required so as not to violate rule 1501:9-3-12 of the Administrative Code, a proposed
corrective action of wells penetrating the proposed injection formation or zone within the area of
review;
(10) A schematic drawing of the subsurface construction details of the proposed injection well;
(11) The estimated average and maximum amount of brine to be injected daily into the proposed
injection well, and the method which will be used to measure the actual amount of brine injected
into the well;
(12) The estimated average and maximum pressure to be used for injecting brine into the
proposed injection well, and the method which will be used to measure the actual daily injection
pressure; and
(13) The information required by section 1509.06 of the Revised Code and any other information
the chief may request to ensure compliance with the Chapter 1509. of the Revised Code.
(G) Map. Each application for a permit shall be accompanied by a map or maps showing and
containing the following information:
(1) The subject tract of land upon which the proposed injection well is to be located;
(2) The location of the proposed injection well on the subject tract established by a field survey,
prepared by an Ohio registered surveyor, showing distances in feet from the proposed wellsite to
the boundary lines of the subject tract, and to the nearest permanent geographic subdivision
boundaries, and showing the location within fifty feet in relation to the plane coordinate system;
(3) The geographic location of all wells penetrating the formation proposed for injection,
regardless of status, within the area of review;
(4) All holders of the land owner's royalty interest of record, or holders of the severed oil and gas
mineral estate of record in the subject tract; and
(5) All owners or operators of wells producing from or injecting into the same formation
proposed as the injection formation.
(H) Notice of application, hearings, and order.
(1) Notice of application for a permit for a brine injection well shall be given by the following
method:
Upon receipt of an application for a brine injection well permit, the division shall, within fifteen
working days, review the application to verify that the required information has been submitted.
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After a determination by the division that the application is complete as required by this rule, it
shall be date-stamped by the division and the applicant shall be notified. Notification of the
application shall be published by the division in the weekly circular in accordance with
section 1509.06 of the Revised Code. In addition, a legal notice shall be published by the
applicant in a newspaper of general circulation in the county in which the proposed well is
situated for a period of not less than five consecutive days. A copy of the legal notice shall also
be delivered to all owners or operators of wells within the area of review producing from or
injecting into the same formation proposed as the injection formation. Proof of publication,
publication dates, and an oath as to the delivery to those entitled to personal notice shall be filed
with the division within thirty days after the application was date-stamped by the division. The
legal notice shall contain at least the following information:
(a) The name and address of the applicant;
(b) The location of the proposed well;
(c) The geologic name and depth of the proposed injection zone;
(d) The maximum proposed injection pressure;
(e) The proposed average daily injection volume;
(f) The fact that further information can be obtained by contacting either the applicant or the
division;
(g) The address or phone number of the division; and
(h) The fact that for full consideration all comments or objections must be received by the
division, in writing, within fifteen calendar days of the last date of the published legal notice.
(2) Comments and objections.
(a) Any person desiring to comment or to make an objection with reference to an application for
a permit to construct, convert to, or operate a brine injection well shall file such comments or
objections, in writing, with the "Underground Injection Control Section, Division of Oil and Gas
Resources Management, 2045 Morse Road, Columbus, Ohio 43229." Such comments or
objections shall be filed with the division no later than fifteen calendar days from the delivery of
notice or from the last publication date in a newspaper of general circulation in the county in
which the proposed project is situated.
(b) If no objections are received within the fifteen-day period, the chief shall consider that no
objection exists and shall issue a permit unless he finds that the application does not comply with
the requirements of Chapter 1501:9-3 of the Administrative Code, is in violation of law,
jeopardizes public health or safety, or is not in accordance with good conservation practices.
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(c) If an objection is received, the chief shall rule upon the validity of the objection. If, in the
opinion of the chief, such objection is not relevant to the issues of public health or safety, or to
good conservation practices, or is without substance, a permit shall be issued. If the chief
considers any objection to be relevant to the issues of public health or safety, or to good
conservation practices, or to have substance, a hearing shall be called within thirty days of
receipt of the objection. Such hearing shall be held at the central office of the division or other
location designated by the chief. Notice of the hearing shall be sent by the chief to the applicant
and to the person who has filed the objection.
(d) If the chief finds, after hearing, and upon consideration of the evidence and the application,
that the following conditions have been met, the application shall be approved and a permit
issued; otherwise, the chief shall deny the permit:
(i) The application complies with the requirements of Chapter 1501:9-3 of the Administrative
Code;
(ii) The method of injection proposed in the application will not be in violation of law; and
(iii) The proposed method of injection will not jeopardize public health or safety, or the
conservation of natural resources.
(3) The chief shall issue an order granting or denying the brine injection well permit
authorization within twenty-one calendar days after the filing date of proof of notice for a permit
for which no hearing is held, or within thirty calendar days following the completion of a hearing.
(I) Bonding and transfer.
(1) Authorization, including a permit, to construct, convert to, or operate a brine injection well
shall not be granted unless and until proof of financial responsibility for the well has been
received and approved by the division in accordance with section 1509.07 of the Revised Code.
(2) No assignment or transfer of a brine injection well permit by the brine injection well owner
shall relieve the owner of his obligations and liabilities under Chapter 1509. of the Revised Code
and Chapter 1501:9-3 of the Administrative Code, unless the assignee or transferee has filed and
the division has approved proof of financial responsibility for said well in accordance with
section 1509.31 of the Revised Code.
(J) Display of permit. No well for the purpose of brine injection shall be drilled, reopened,
deepened, plugged back, or reworked until the injection well owner has been granted a permit
and unless the original permit, or a true copy thereof, is posted or displayed in a conspicuous and
easily accessible place at the wellsite.
(K) Well identification. Once injection operations authorized by the permit have begun, the
following information shall be posted in a conspicuous place on or near the storage tank(s):
owner's name, lease name, well number, permit number, county, township, and emergency
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telephone number. In addition, the permit number shall be displayed in a conspicuous place on or
near the wellhead.
(L) Expiration of permit.
Drilling or conversion operations authorized by a permit issued pursuant to Chapter 1501:9-3 of
the Administrative Code shall begin within twelve months after the date of issue of such permit
for a permit in an urban area, and within twenty-four months after the date of issue of such
permit for a permit in a non-urban area, or the permit shall expire. If drilling or conversion
operations have started but are not completed within the twelve month period for a permit in an
urban area, and within the twenty-four month period for a permit in a non-urban area, operations
shall continue with due diligence or the permit shall expire.
(M) Change of location procedure. The location of an injection well shall not be changed after
the issuance of a permit unless the brine injection well owner first obtains approval from the
division. If a brine injection well owner requests a change of location, he shall return the original
permit and file an amended application and map for the proposed new location. Drilling or
conversion operations shall not commence at a new location until a proper permit has been
received and posted in accordance with section 1509.09 of the Revised Code.
Effective:
10/01/2012
R.C. 119.032 review
dates:
07/11/2012
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10/01/2017
Promulgated
Under: 119.03
Statutory
Authority: 1509.03, 1509.22
Rule
Amplifies: 1509.22
Prior Effective Dates: 11/6/67, 6/1/82, 4/18/84 (Emer.), 7/2/84, 6/19/89, 4/15/04
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Appendix C: PA DEP Requirements for Pennsylvania’s UIW Permit
§ 78.18. Disposal and enhanced recovery well permits.
(a) A person may not drill a disposal or enhanced recovery well or alter an existing well to be a
disposal or enhanced recovery well unless the person:
(1) Obtains a well permit under § 78.11 (relating to permit requirements).
(2) Submits with the well permit application a copy of the well permit, approved permit
application and required related documentation submitted for the disposal or enhanced
recovery well to the EPA under 40 CFR Part 146 (relating to underground injection
control program).
(3) Submits a copy of a control and disposal plan for the disposal or enhanced recovery well
and related facilities that meets the requirements of § 91.34 (relating to activities utilizing
pollutants).
(4) Submits a copy of an erosion and sedimentation plan for the disposal or enhanced recovery
well site that meets the requirements of Chapter 102 and § 78.53 (relating to erosion and
sediment control; and erosion and sedimentation control).
(b) By December 18, 1995, an operator of disposal or enhanced recovery wells which were
operating before December 18, 1995, shall submit to the Department a list of the
operator’s disposal or enhanced recovery wells including:
(1) The Department’s permit or registration number for each well on this list.
(2) The corresponding permit number issued to each well on this list by the EPA.
(c) A person who operates multiple well projects may submit one copy of the documents
required under subsection (a) if the documents are applicable to the entire project.
Source
The provisions of this § 78.18 adopted December 16, 1994, effective December 17, 1994, 24
Pa.B. 6284.

§ 78.11. Permit requirements.
(a) No person may drill or alter a well unless that person has first obtained a permit from the
Department.
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(b) No person may operate a well unless one of the following conditions has been met:
(1) The person has obtained a permit under the act.
(2) The person has registered the well under the act.
(3) The well was in operation on April 18, 1985, under a permit that was obtained under the
Gas Operations Well-Drilling Petroleum and Coal Mining Act (52 P. S. § § 2104, 2208,
2601 and 2602) (Repealed).
Source
The provisions of this § 78.11 adopted July 28, 1989, effective July 29, 1989, 19 Pa.B. 3229.
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Appendix D: Permit requirements for EPA’s UIWs
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Appendix E: Quantitative Process for Hypothesis in Chapter 3, 3.2.3.5
The data used for the Tobit regressions and the Chow test used in Chapter 7 were in the
form as Table 6.2 as follws:

Table 6.2: Tobit Regression and Chow Test Dataset Table (Monthly)
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