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ABSTRACT
A CASE STUDY - HYDRAULIC FRACTURING GEOGRAPHY:

THE CASE OF THE EAGLE FORD SHALE, TX, USA

by

Cortney L Wenzel, B.S.

Texas State University-San Marcos

August 2012

SUPERVISING PROFESSOR: RICHARD DIXON

The use of horizontal drilling in conjunction with hydraulic fracturing
has increased the ability of producers to extract natural gas and oil from previously non-
viable areas. By extracting natural gas and oil from low permeability geologic plays, or
shale plays, the United States may have enough natural gas to burn for the next one
hundred years. However, there are growing concerns about the effect hydraulic
fracturing may have on the environment and surrounding ecosystems. These activities
cause an increased potential for surface water contamination resulting from spills, leaks,

soil erosion, large amounts of truck traffic, and habitat disturbance. With increasing



amounts of hydraulic fracturing activity in the Eagle Ford structure, there is a greater
chance that a spill may occur and cause adverse effects on the hydrologic processes in
the area. In order to determine the risk spills pose to hydrologic processes, hydraulic
fracturing wells were identified and mapped to show the distance from wells to streams
as well as determining that spills in the Eagle Ford structure were not spatially auto-

correlated.

Xi



Chapter 1

INTRODUCTION

Hydraulic fracturing is the process of pumping large amounts of water, sand and
chemical additives into a well in order to extract natural gas and oil from shale
structures (U.S. EPA 2011). Hydraulic fracturing has made extraction of natural gas and
oil from shale structures economical on a large scale from sources that were previously
inaccessible. These shale structures were known but were not viewed as economical
until now. Hydraulic fracturing is now used in 90 percent of oil and natural gas wells in
the United States (Food and Water Watch 2010). The process expanded rapidly after
2005 when the Environmental Protection Agency (EPA) issued an exemption for
hydraulic fracturing from the 2005 Energy Bill and Safe Drinking Water Act (U.S. EPA
2004). Since issuing this exemption, shale structures across the United States have seen
a significant increase in the amount of wells drilled. The Eagle Ford structure is located
in South Texas and has seen a large increase in the use of hydraulic fracturing over the
last three years. Texas is the number one producer of natural gas in the United States,
and the Eagle Ford structure is the second largest producing shale structure in the state
(RRC 2011b). As hydraulic fracturing spread to the newly discovered Marcellus Shale
formation along the North Eastern coast of the United States, a growing awareness and
concern for environmental and health risks have risen, leading to important questions

about the use of hydraulic fracturing and its effect on the environment (Urbina 2011b).



Problem/Purpose Statement

One hundred years ago, natural gas was considered the waste product of oil fields
and was flared or vented off. This is in stark contrast to today’s standards in which
natural gas is embraced by the U.S. as a crucial component for energy’s future. The use
of horizontal drilling in conjunction with hydraulic fracturing has increased the ability
of producers to extract natural gas and oil from previously non-viable areas. By
extracting natural gas and oil from low permeability geologic plays, or shale plays, the
United States may have enough natural gas to burn for the next one hundred years.
Natural gas is cleaner burning than coal or oil and releases 43 percent less carbon
dioxide than coal-burning power plants when used in efficient combined-cycle power
plants. However, there are growing concerns about the effect hydraulic fracturing may
have on the environment and surrounding ecosystems (Biello 2010; Trotta 2011; U.S.
EIA 2012).

The process of hydraulic fracturing to extract natural gas and oil is one of the
largest energy booms the United States has ever experienced. There are several factors
that contribute to the rapid expansion of the use of hydraulic fracturing on shale
structures. Hydraulic fracturing combined with horizontal drilling has provided the
technology needed to extract these resources economically with faster return rates on
initial investments. At the beginning of the rapid expansion of the industry, gas prices
were increasing which made this a lucrative industry to join. The industry has also been
exempted entirely or partially from the Safe Drinking Water Act, Clean Water Act,
Clean Air Act, National Environmental Policy Act, Comprehensive Environmental

Response, Compensation and Liability Act, Emergency Planning and Community Right



to Know Act, Endangered Species Act and the Resource Conservation and Recovery
Act. These exemptions give gas producers opportunities to invest heavily in hydraulic
fracturing with few regulations (U.S. EPA 2004; Environmental Working Group 2012).

The major environmental concerns for hydraulic fracturing include water
quantity use, contamination of ground and surface waters, wastewater disposal, air
pollution, land degradation, road use, safety and maintenance and rural community
impacts because of the “boom and bust” cycle of this industry (Rahm and Riha 2012).
Surface water contamination because of spills is examined for this research.

One of the largest concerns is how hydraulic fracturing and its activities may
affect water resources, their use, and potential contamination as a result of wide spread
hydraulic fracturing activity in the Eagle Ford region. The water resources of south
Texas are currently under the strain of a growing population that is expected to increase
175 percent by the year 2050. Texas is also experiencing the worst drought since the
1950s. Each well that is fractured uses three to six million gallons of water laced with
chemical additives that are harmful to the environment and human health in small
doses. These chemicals are brought to well pad sites by trucks and combined with
water and sand on site. The flowback water is then stored in open pits around the well
and contains potent chemicals and high salt levels. South Texas and the Eagle Ford
shale region are already experiencing some of these negative impacts. Any surface
spills can result in soil contamination or surface and groundwater contamination that
would affect the primary livelihood of these communities, as well as send contaminated

water downstream to Texas bays and estuaries. Falling water tables also cause



problems for those who rely on private wells or irrigation systems for farming and
ranching (Sansom 2008; Rahm 2011; Rahm and Riha 2012).

Trucks also bring water, sand, pipelines, on site compressors and other heavy
equipment to a well pad site. Many times trucks are using rural county roads or dirt
roads, contributing to erosion and runoff contamination. Pipeline networks may also
need to be established which may cause further land degradation. During a well’s life
span, water must be trucked continuously to the site for each fracturing job. The
wastewater that returns to the surface after fracturing is stored on site in massive storage
pits that may or may not be properly lined. Most wastewater in Texas is eventually
trucked to an underground injection site for hazardous materials or evaporates on site
from the open storage pits. These activities cause an increased potential for surface
water contamination resulting from spills, leaks, soil erosion, large amounts of truck
traffic, and habitat disturbance. Other concerns include noise pollution, air pollution,
land clearing, new pipeline networks, road safety and maintenance, impacts to the rural
communities and the “boom and bust” cycle associated with extractive development
(Crowe 2011b; Rahm 2011; Rahm and Riha 2012).

With increasing amounts of hydraulic fracturing activity in the Eagle Ford
structure, there is a greater chance that a spill may occur and cause adverse effects on
the hydrologic processes in the area. This research seeks to locate hydraulic fracturing
wells in the Eagle Ford structure, determine the hydrologic vulnerability to spills and
determine if spills are spatially auto-correlated. This analysis will also examine the
greatest threats to watersheds and areas with an increased chance of exposure to spills

and pollutants.



Research Questions
o Where are hydraulic fracturing wells located in relation to the Eagle Ford
structure?
e What is the hydrologic vulnerability to spills in the Eagle Ford structure?

o Are spills spatially auto-correlated in the Eagle Ford structure?



Chapter 2

LITERATURE REVIEW

Concerns/Potential Impacts

Natural gas is an important part of our clean energy future and is viewed by
many as a transitional fuel that will help replace conventional mineral oil and coal.
However, shale oil and gas production pose serious environmental risks to regions
across the United States that are experiencing a rapid industrial development of their
land. Environmental impacts from the large scale of horizontal hydraulic fracturing
include air pollution, surface and groundwater contamination, large water quantity
usage, water withdrawal, wastewater storage and disposal, changes in land use,
improper erosion and sediment controls, road building and overuse, truck traffic, the
vast array of chemicals used, the risk of spills, and regulation concerns. Older drilling
techniques used less equipment, less water, and produced less waste, but a shale gas
well must be managed twenty four hours a day seven days a week, and requires a
constant flow of workers, equipment and fluids to and from the site. If not managed
correctly, the impacts of these operations will have serious impacts to regional
environments (Reijnders 2009; Howarth, Santoro, and Ingraffea 2011; LaFrance 2011;

Rahm 2011; Rahm and Riha 2012).



Concerns:

Land Use

Transportation

Quality of Life

Air Pollution

Chemicals

Water Quantity and Quality

Wastewater: Disposal, Storage and Spill Risk

Land Use

A hydraulic fracturing site requires much more equipment, more water and

produces more waste that needs to be stored on site. The amount of land needed to drill

a horizontal well is almost double the amount needed to drill a vertical well. However,

multiple wells can be drilled from one location using horizontal drilling which

decreases the overall land use in comparison to a vertical well. The site itself will have

facilities that include but are not limited to fluid storage tanks, sand storage units,

chemical trucks, blending equipment, pumping equipment and a data monitoring van

that manages the entire process. A typical site set-up is shown in Figure 1 (Symond and

Jefferis 2009; Rahm 2011; Frac Focus 2012c¢).



Figure 1. Typical site set up (Frac Focus 2012).

A well site should be constructed using best management practices set forth by
the American Petroleum Institute (API) and the Independent Petroleum Association of
America (IPAA). The guidance document created in 2004 by APl and IPAA, titled,
“Reasonable and Prudent Practices for Stabilization,” is a voluntary guidance document
that, if implemented correctly, will “efficiently and effectively maximize control of
storm water discharges,” at the well pad site (IPAA 2012). The industry created this
document after the EPA and Congress exempted the oil and gas industries exploration
and production operations from storm water discharges of sediment in 2006. This
exemption means that the industry does not have to obtain a permit under the National
Pollutant Discharge Elimination System as long as storm water runoff from a natural

gas or oil site is not contaminated with oil, grease, or hazardous substances.



In preparation for fracturing of the well, waste pits need to be built to hold the
flowback and other drilling cuttings and bits. These large open pits should be lined with
special liners that will prevent fluid infiltration into the subsurface. If pits are not built
to hold flowback fluids, then containers must be brought onsite to hold these fluids and
other drilling operation waste. These open pits allow evaporation of chemicals into the
surrounding air community and are known to leak fluids into the adjacent areas. Large
spills of flowback fluids may also happen if any substantial rain event occurs and causes
erosion, runoff or overflow from the pit (Frac Focus 2012b).

Transportation

Each new well in the Eagle Ford structure requires the construction of a well
pad. To construct the well pad and bring in the equipment needed to perform the frac
job, accessible roads need to be built many times. Any road leading to a well pad will
see a substantial increase in truck traffic going to and from the well site. Trucks bring
in pipes, fresh water, sand, chemical additives, the drill rig, bulldozers, graders, and
other heavy equipment needed at the site. Almost 100 percent of water used by the
natural gas and oil industry in the Eagle Ford structure is from underground aquifers
and is being constantly trucked from the water well site to the well pad site. Materials
and fluids are often transported from one site to another where they are treated in
combination with fluids from other wells.

This increase in traffic on roads strains local infrastructure. It also increases the
risk of spills and leaks that could happen during transportation, storage, or handling of
the materials on site. Exhaust from trucks traveling to and from the site causes

increases in air pollution in rural areas that are usually not exposed to large amounts of
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exhaust. There is also increased runoff and soil erosion that impairs local surface water
and soils (Food and Water Watch 2010; Crowe 2011b; Fox News 2011; Frac Focus
2012b; Rahm and Riha 2012).

Quality of Life

Increase in traffic on roads strains local infrastructure and affects the quality of
life in communities. Development within rural areas have a high potential to create
boomtowns and unsustainable development, as well as cause environmental degradation
(Ohl, Krauze, and Grunbuhel 2007; Aldrich 2008; Berger and Beckmann 2010; Nas et
al. 2010). When a rural area sees a large amount of development and natural resource
extraction in a short amount of time it is referred to as a boomtown. Boomtowns are
associated with social upheaval and degradation of traditional lifestyles (Berger and
Beckmann 2010). Rural areas are usually more open to economic stimulus that will be
brought in with unwanted projects despite the negative impacts, though few residents
fully comprehend the consequences. Areas with rapidly increasing population size are
unable to maintain social networks and ties fracturing community bonds during the
boom (Aldrich 2008).

Other problems that arise with an influx of outside workers into boomtowns
include an increase in sexual predators, poaching, risk of pollution, crime, and changes
in land use. All of these problems result in a decline of the quality of life (Ohl, Krauze,
and Grunbuhel 2007; Lamelas et al. 2008; Berger and Beckman 2010; Nas et al. 2010).

Boomtowns result in unsustainable development because most of the money
created in this boom does not stay in the area where the natural resources are being

extracted. Instead, most of the money is sent to regions where outside workers
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originated from (Barbier 2007; Berger and Beckman 2010). The accumulation of
personal wealth in the area, by land owners leasing land and receiving royalties, is at the
expense of environmental degradation. Land owners find that revenues from areas of
the economy that were once viable and sustainable, such as ranching and farming, are
no longer so (Brody et al. 2006; Barbier 2007; Ohl, Krauze, and Grunbuhel 2007).

Air

The production of natural gas, like any fossil fuel industry, is an energy resource
intensive process that contributes to the global greenhouse gas footprint. In 2009, the
National Research Council stated that shale gas emissions may be greater than
conventional gas emissions based on current extraction processes because of increased
CO;, emissions and methane naturally released in the process. Methane gas is a major
component of natural gas and a potent greenhouse gas that is thirty times worse than
carbon dioxide when contributing to climate change. According to research, the total
greenhouse gas footprint for shale gas should consist of direct CO, emissions from end
use consumption, indirect CO, emissions from fossil fuels used during extraction and
development, transportation of the gas from trucks, any fugitive methane emissions, as
well as the methane that is vented off gas wells.

A study examining the greenhouse gas footprint of shale gas based on the most
recently available data from the EPA and the General Accountability Office, concluded
that an average shale gas well will emit 3.6 to 7.9 percent of the total production of the
well as methane into the atmosphere. At minimum, that amount is 30 percent more than
the 1.7 to 6 percent estimate for conventional gas. The research was broken up into the

following categories listed in
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Table 1. The best estimates determined for each category were conservative and
did not take into account routine venting at wells, equipment leaks, accidents or
emergency vents. On a twenty year horizon, the greenhouse gas footprint for shale gas
is 20 percent greater than the greenhouse gas footprint for coal. Shale gas emissions are
18 percent lower than deep mined coal and 15 percent greater than surface mined coal
emissions. Compared to oil, shale gas emissions are at least 50 percent greater than end

oil emissions (Food and Water Watch 2010; Howarth, Santoro, and Ingraffea 2011).

Table 1. Estimates for Methane Loss (Howarth, Santoro and Ingraffea 2011).

Estimates for Methane Loss
Conventional
Gas Shale Gas

Emissions during well completion 0.01% 1.90%
0.3to

Routine venting and equipment leaks at well site 0.3t01.9% 1.9%

Oto
Emissions during liquid unloading 0t0 0.26% 0.26%

Oto
Emissions during gas processing 010 0.19% 0.19%
Emissions during transport, storage, and 1.4to0
distribution 1.4 10 3.6% 3.6%
3.61t0

Total Emissions 1.7 t0 6.0% 7.9%

When considering the greenhouse gas footprint for shale oil, the life cycle emissions are
50 to 500 percent larger than conventional oil. This is taking into account direct CO,
emissions from end use consumption and indirect CO, emissions from fossil fuels used
to extract, develop and transport the oil (Reijnders 2009).

In 2008, natural gas was responsible for a fifth of all energy related carbon
dioxide emissions in the United States. The amount of increased emissions from natural
gas and oil extraction is not only causing a larger greenhouse gas footprint, but is also

causing adverse health effects to individuals living in close proximity to a hydraulic
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fracturing well site. No conclusive studies have been completed on the adverse health
effects of living near these sites, but the EPA’s study on hydraulic fracturing, expected
to be released at the end of 2012, should give some conclusive evidence on how this
process is affecting air quality (Food and Water Watch 2010; Howarth, Santoro and
Ingraffea 2011; U.S. EPA 2011).

Chemicals

Chemical additives serve many different purposes and make up 0.2 t0 0.5
percent of the total concentration of the fracturing mix. This translates into 15,000 to
60,000 gallons of chemicals for a standard horizontal well that requires three million
gallons of water (Food and Water Watch 2010). Traditionally, the exact chemical
recipe used in a fracturing process has been kept secret by companies stating that it was
proprietary information that helped protect their competitive advantage (Lustgarten
2011). Then, in late 2010 early 2011, the United States House of Representatives
Committee on Energy and Commerce began an investigation to examine the practice of
hydraulic fracturing in the United States. They asked fourteen leading oil and gas
companies to provide them with the types and volumes of hydraulic fracturing products
used in their fluids between 2005 and 2009. The final report by the committee showed
that the fourteen companies had used over 2,500 hydraulic fracturing products
(USHRCECMS 2011).

These products are used for a variety of applications and each is a mixture of

chemicals or compounds designed to achieve a certain performance goal as seen in
Table 2. The composition of products used varies by shale structure. Most oil and gas

companies purchase products from third-party manufacturers but some companies
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create their own products. Several of these chemicals are harmless but others pose

serious risks to human health and the environment (Western Organization of Resource

Councils 2009; New York State Water Resources Institute 2010; USHRCECMS 2011).

Table 2. Products and purpose of products (Chesapeake Energy 2012).

Product Purpose
Acid Helps dissolve minerals and initiate cracks in the rock
Anti-bacterial
Agent Eliminates bacteria in the water that produces corrosive byproducts
Breaker Allows a delayed breakdown of the gel
Clay stabilizer Prevents formation clays from swelling
Corrosion
inhibitor Prevents corrosion of the pipe
Crosslinker Maintains fluid viscosity as temperature increases
Friction reducer “Slicks” the water to minimize friction
Gelling agent Thickens the water to suspend the sand
Iron control Prevents precipitation of metal in the pipe
pH Adjusting Maintains the effectiveness of other components, such as
Agent crosslinkers
Scale inhibitor Prevents scale deposits downhole and in surface equipment
Surfactant Increases the viscosity of the fracture fluid

Many of the fourteen companies were unable to provide the committee with a

complete chemical makeup of their products because they do not have access to the

proprietary product information. Oil and gas companies, Universal Well Services,

Complete Production, Key Energy Services, and Trican, all reiterated that they obtain

fracturing products from third-party manufacturers and that “product composition is

proprietary to the respective vendor and not to the Company” (USHRCECMS 2011).

Third-party manufacturers do provide a Material Safety Data Sheet (MSDS) detailing

the product’s chemical components. The Occupational Safety and Health

Administration (OSHA) require chemical manufacturers to create a MSDS for every

product they sell “as means to communicate potential health and safety hazards to
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employees and employers” (USHRCECMS 2011). The MSDS lists all hazardous
ingredients that comprise of at least 1 percent of the product or 0.1 percent for a
carcinogen. OSHA regulations also state that manufacturers may withhold the identity
of any chemical components they consider to be ‘trade secrets.” This means that oil and
gas companies are injecting fluids with chemicals that they themselves cannot identify
and have little understanding of the risks posed to human health and the environment
(USHRCECMS 2011).

Of the 2,500 products identified, 650 contained chemicals that are known or
possible human carcinogens regulated under the Safe Drinking Water Act (SDWA) or
listed as hazardous air pollutants. Overall, these companies used 780 million gallons of
hydraulic fracturing products in their fluids between 2005 and 2009. This volume does
not include the amount of water added to the products before injection into the well. Of
the 780 million gallons of products injected, companies used 94 million gallons of 279
products that contained at least one chemical that third-party manufacturers deemed
proprietary. As well as using 11.4 million gallons of products containing a BTEX
compound — benzene, toluene, xylene, and ethylbenzene. Of the 11.4 million gallons of
BTEX compounds 83 percent of those fluids were used in Texas. Each BTEX
compound is a regulated contaminant under the SDWA and a hazardous air pollutant
under the Clean Air Act (CAA). The Department of Health and Human Services, the
International Agency for Research on Cancer, and the EPA have determined that
benzene is a human carcinogen. Any chronic exposure to benzene, toluene,
ethylbenzene, or xylene can damage the central nervous system, liver, and kidneys

(Restuccia 2011; USHRCECMS 2011).
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The most widely used chemical in hydraulic fracturing products between 2005
and 2009 was methanol. Methanol was used in 342 products, is a hazardous air
pollutant and a candidate for regulation under the SDWA (USHRCECMS 2011).

Listed in Table 3 are the most widely used chemical components for this time period.

Table 3. Chemical components most often used in hydraulic fracturing products between 2005 and 2009

(USHRCECMS 2011).
No. of Products Containing
Chemical Components Chemical

Methanol (Methyl alcohol) 342
Isopropanol (Isopropyl alcohol, Propan-2-ol) 274
Crystalline silica - quartz (SiO2) 207
Ethylene glycol monobutyl ether

(2-butoxyethanol) 126
Ethylene glycol (1,2-ethanediol) 119
Hydrotreated light petroleum distillates 89
Sodium hydroxide (Caustic soda) 80

As shown in Table 3, companies used 2-butoxyethanol (2-BE) as a foaming
agent or surfactant in 126 products. 2-BE is easily absorbed and rapidly distributed in
humans following inhalation, ingestion, or skin exposure. Studies have shown that
exposure to 2-BE can cause hemolysis, and damage to the spleen, liver, and bone
marrow. Companies injected 21.9 million gallons of products containing 2-BE between
2005 and 2009. Texas used the highest volume of products containing 2-BE, 12 million
gallons.

These oil and gas companies also used hydraulic fracturing fluids containing
twenty nine chemicals that are known carcinogens, regulated under the SDWA, or listed
as a hazardous air pollutant (HAP) under the CAA. These twenty nine chemicals were
a component of 652 different products used in hydraulic fracturing. The overall amount

of fluids with carcinogens injected by these companies was 10.2 million gallons. Texas
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injected the most fracturing fluids containing a carcinogen using 3.9 million gallons of

these fluids. Table 4 lists these toxic chemicals and their frequency of use

(USHRCECMS 2011).
Table 4. Chemical components of concern (USHRCECMS 2011).
. Number of
. Regulated Under or is
Chemical g Known 1o Be Products
Used In
Methanol (Methyl alcohol) HAP 342
Ethylene glycol (1,2-ethanediol) HAP 119
Diesel19 Carcinogen, SDWA, HAP 51
Naphthalene Carcinogen, HAP 44
Xylene SDWA 44
Hydrogen chloride (Hydrochloric acid) HAP 42
Toluene SDWA, HAP 29
Ethylbenzene SDWA, HAP 28
Diethanolamine (2,2-iminodiethanol) HAP 14
Formaldehyde Carcinogen, HAP 12
Sulfuric acid Carcinogen 9
Thiourea Carcinogen 9
Benzyl chloride Carcinogen, HAP 8
Cumene HAP 6
Nitrilotriacetic acid Carcinogen 6
Dimethyl formamide HAP 5
Phenol HAP 5
Benzene Carcinogen, SDWA, HAP 3
Di (2-ethylhexyl) phthalate Carcinogen, SDWA, HAP 3
Acrylamide Carcinogen, SDWA, HAP 2
Hydrogen fluoride (Hydrofluoric acid) HAP 2
Phthalic anhydride HAP 2
Acetaldehyde Carcinogen, HAP 1
Acetophenone HAP 1
Copper SDWA 1
Ethylene oxide Carcinogen, HAP 1
Lead Carcinogen, SDWA, HAP 1
Propylene oxide Carcinogen, HAP 1
p-Xylene HAP 1
Number of Products Containing a Component of Concern 652
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In addition, these companies injected 32.2 million gallons of diesel fuel or
hydraulic fracturing fluids containing diesel fuel in nineteen states. Sixteen million
gallons of these diesel fluids were injected in Texas. Diesel fuels contain toxic
constituents including BTEX compounds. The 2004 EPA report on hydraulic fracturing
stated that the use of diesel fuel in fracturing fluids poses the greatest threat to
underground sources of drinking water and thus did not exclude diesel fluids from the
SDWA in the 2005 Energy Policy Act (U.S. EPA 2004; USHRCECMS 2011). Any
company that does use diesel fuel in their hydraulic fracturing fluids must obtain a
permit under the SDWA. Restuccia stated that no oil and gas companies have sought
permits, and no state or federal regulators have issued permits for diesel fuel use in
hydraulic fracturing. This is a violation of the SDWA and means that companies have
not been performing the environmental reviews required by law (Restuccia 2011;
USHRCECMS 2011).

These chemicals present the most obvious threat to the environment. Because of
the long list of chemicals, it is difficult to detect contamination and extremely expensive
to do routine surveillance monitoring (TEDX 2009; Restuccia 2011). Along with
testing for the vast amount of chemicals used, there are unknown threats from
proprietary chemicals used (Lustgarten 2011). Chemicals are transported along urban
and rural roads and stored undiluted at well sites. Spills can and do occur along
transportation routes and at the well site. The more wells drilled, the more chemicals
are being transported and stored undiluted across a shale structure. There are also
chronic risks from the use of these chemicals in watersheds. Unreported or under-

remediated spills will result in contamination of surface and ground water resources as
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well as contaminating soils and habitats. Though, the amount of contamination and
repercussions may not be known for decades.

Water

Major environmental concerns generally revolve around several key activities
associated with shale gas development. Water resources, their use, and their potential
contamination as a result of a wide range of development activities figure prominently
among those concerns. Improper or poorly managed drilling, water withdrawal, or water
treatment could potentially lead to water quantity and quality impacts (Rahm and Riha
2012). Spills along roadways or at the drilling site are inevitable as hydraulic fracturing
activity increases. These spills, both reported and unreported, along with the use of
chemicals in watersheds over time will cause chronic contamination (Rush 2010).

As more oil and gas wells are drilled, the potential for hydraulic fracturing to
have long term effects on South Texas water tables continues to increase. Each well in
the Eagle Ford structure uses three to six million gallons of water. Nearly 100 percent
of the water used comes from groundwater withdrawn from the Carrizo-Wilcox and
Gulf Coast Aquifers. These millions of gallons of water are being withdrawn very
quickly which does not allow time for the aquifer to recharge. There is going to be far
less water for homes, farms and ranches in this area in the future. This is a future that is
expected to include droughts that will be more intense and last longer, along with a
population growth of 175 percent for South Texas (Crowe 2011a).

Water has become so important that many property owners have started water
mining to supply the oil and gas industry. Property owners sell water for 10 to 80 cents

a barrel which is then transported by truck or temporary pipelines to a well site. This
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easy money is made possible by Texas’ rule of capture which allows landowners’
unrestricted access to whatever water is available from the ground even if this results in
pumping the water table dry, which is exactly what is happening. Residents from
Karnes and LaSalle counties have already seen drops in their well levels and this is
expected to continue if the amount of pumping continues (Crowe 2011a).

Soon after Eagle Ford drilling activity increased, complaints of low water wells
prompted the Evergreen Underground Water Conservation District to launch a new
monitoring program in four counties where some of the heaviest drilling and fracking
takes place, Atascosa, Frio, Karnes, and Wilson counties. The conservation district
does not know how much water is being pulled from the area and has no real regulatory
power to control the use of water for the oil and gas industry. Permits are required for
water wells that support oil and gas operations, but there is no limit to the amount of
water that can be withdrawn. Similar water issues played out in North Texas over the
past decade with the Barnett Shale development. Pressure on the Trinity and Woodbine
aquifers prompted the Texas Water Development Board (TWDB) to designate that
region a priority groundwater area and form the Upper Trinity Groundwater
Conservation District. A TWDB study found that oil and gas development in 2005
consumed 3 percent of all Trinity and Woodbine groundwater and was expected to
increase up to 13 percent by 2025. These water withdrawals are complicating efforts of
the TWDB to plan for sustainable water use over the next fifty years (Crowe 2011a;
Crowe 2011b; Rahm and Riha 2012).

Surface water quality can be affected by all aspects of the hydraulic fracturing

process. Spills pose the greatest threat and can happen along roadways or on site.
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Wastewater, chemicals, diesel fuel, and other fluids used on site will contaminate the
surrounding soil and water sources if a spill or accident occurs. Roadway runoff will
also cause surface water contamination because of the increased amounts of truck traffic
and the amount of road degradation they are causing. Soil erosion is also a concern
because of the exemption for oil and gas companies from storm water discharges as
long as the runoff from the site contains no hazardous materials, oil or grease. These
threats to surface water may be enhanced by the fact that streams are connected across
watersheds which eventually end up in the bays and estuaries of the Gulf of Mexico
(Kusumastuti et al. 2008; Food and Water Watch 2010; Rush 2010; Rahm and Riha
2012).

A preliminary study by The Academy of Natural Sciences of Drexel University
found an association between the increases in natural gas well density and decreases in
water quality indicators. A number of statistically significant correlations emerged for
both natural gas well density and riparian canopy cover. Specific conductance and total
dissolved solids were positively correlated with density; greater well density led to
higher levels of specific conductivity and total dissolved solids. High density sites have
an average of 60 percent increases in specific conductivity values compared to low
density sites. Macro-invertebrate indicators were negatively correlated with well
density indicating decreasing water quality with increasing well density. Increased well
density was also associated with elevated levels of chemical contaminants and
degradation of macro-invertebrate community structure. This last finding suggested
that there is an operational threshold of drilling intensity below which the impacts on

surface waters are sustainable. Increasing well density increases the overall impacts of
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extraction as well as increasing the probability of an environmentally damaging event
like a spill or leak occurring in a watershed (Anderson 2010).

Wastewater: Disposal, Storage, and Spill Risk

After fracturing a well, fracking fluid will return to the surface as wastewater.
About 10 to 30 percent will return immediately and 30 to 70 percent will return over the
lifetime of a well. Wastewater is considered highly toxic and contains hydraulic
fracturing chemicals that were initially injected with the fracking fluid, high levels of
total dissolved solids (TDS), and high salt levels that can be five times saltier than sea
water. The typical TDS levels can exceed 100,000 milligrams per liter. Table 5 shows
the typical wastewater versus fresh water constituent values for the Marcellus Shale

(Weston 2009; Food and Water Watch 2010; Crowe 2011b).

Table 5. Typical wastewater vs. fresh water constituent values for Marcellus Shale (Weston 2009).

Marcellus Shale

Typical Surface Water Analysis Flowback Analysis
Parameter (mg/1 or ppm) (mg/1 or ppm)

TDS <500 20,000 to 300,000
Iron <2 0to 25
Oil & Grease <15 0 to 1,000
Barium <2 0to 1,000
Strontinum <4 0 to 5,000
pH 6t09 5to7.5

Only about 10 percent of wastewater is recycled in Texas. The majority of
wastewater is stored on site in large open storage pits until it can be trucked to a deep
well injection site for hazardous material or has evaporated from the pit (Crowe 2011b).
Allowing wastewater to evaporate on site allows toxic, volatile chemicals to be released
into the air. These wastewater pits are also known to leak or overflow, causing toxic

spills (Western Organization of Resource Councils 2009). Some operators in the
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Marcellus Shale are selling their waste rather than disposing of it. Because it is so salty
they have been able to sell the waste to communities that spread it on roadways for de-
icing in the winter or use it for dust control in the summer (Urbina 2011d).
Spills and Accidents
Hydraulic fracturing related spills and accidents have occurred across the United
States. Appendix 1 includes just a few of these documented spills and accidents. These
spills/accidents have caused fish kills, large fires, stream and soil contamination,
groundwater contamination, increased erosion, livestock deaths, and air pollution.
Some of these documented spills/accidents were not reported by the oil and gas
company that caused them. Instead they were reported by a landowner or after a fish
kill occurred the pollutants were traced back to the company. Oil and gas companies
are supposed to report all spills/accidents to their governing agency, like the RRC in
Texas, but this does not always happen. Then when these incidents occur, many times
there has been inadequate action taken to resolve the issue, especially in Texas, where
the RRC rarely cites violators or issues fines. More spills/accidents occur than are
accounted for in public record, but by looking at Appendix 1 it is obvious these
incidents should be better documented in order to protect the environment (Food and
Water Watch 2010; Michaels, Simpson, and Wegner 2010; River Systems Institute at
Texas State University-San Marcos 2010; Crowe 2011b; Elbein 2011; Rahm 2011).
Regulation
Governing Agencies
Under Texas law, the Texas Railroad Commission (RRC) regulates, enforces and

has jurisdiction over matters related to the oil and gas industry and over all “oil and gas
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wells in Texas; persons owning or operating pipelines in Texas; and persons owning or
engaging in drilling or operating oil and gas wells in Texas” (Groat and Grimshaw
2012). Contrary to other states, in Texas, the Texas Commission on Environmental
Quality (TCEQ) is not the primary state regulatory agency with jurisdiction over oil and
gas operations or the wastes produced during such operations. The RRC is responsible
for community safety and stewardship of natural resources. At the same time, one of its
missions is to promote development and economic vitality of the oil and gas industry.
This is a potential conflict of interests that allows natural resources to fall victim to the
promotion of the oil and gas industry (Elbein 2011; Kurth et al. 2011; Groat and
Grimshaw 2012).

When determining the adequacy of water supplies, multiple authorities have
overlapping jurisdiction in Texas. These include the TCEQ), thirty nine river authorities
and special law districts, multiple aquifer authorities, almost 100 Groundwater
Conservation Districts, sixteen Groundwater Management Areas and seven Priority
Groundwater Management Areas. In addition, the Texas Water Development Board
(TWDB) and its regional planning committees are responsible for producing a fifty year
plan for water resources that is updated every five years. The TCEQ regulates permits
for surface water retrieval. The first water retrieval application was filed in 2010 for
San Antonio River water to be used in the Eagle Ford Shale. This permit seeks 65
million gallons a year for ten years (Kurth et al. 2011; Rahm 2011). Texas groundwater
belongs to the owners of the land above it and may be used or sold as private property.
A landowner has the right to take for use or sell all the water that he/she can capture

from below their land. Because of this, Texas groundwater is essentially unregulated,
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and the oil and gas industry can withdraw as much groundwater as needed for their
operations (Texas A&M University 2012).

In July 2011, the RRC created the Eagle Ford Task Force. The Task Force is
comprised of local community leaders, local elected officials, water representatives,
environmental groups, oil and gas producers, pipe companies, oil services companies
(including a hydraulic fracturing company, a trucking company and a water resources
management company), landowners, mineral owners and royalty owners. Their mission
is to open lines of communication between all parties, establish best practices for
developing the Eagle Ford Shale and promote economic benefits locally and statewide
to ensure the RRC can keep up with industry development (Kurth et al. 2011).

Applicable Laws

Like all oil and gas operations in Texas, fracking operations require the RRC to
issue a permit authorizing the drilling of a well. In addition, the RRC regulates the
storage, transfer and disposal of oil and gas wastes. The RRC also regulates the casing
and cementing of wells. The same laws that apply to conventional oil and gas operation
also apply to hydraulic fracturing. The RRC states that these rules for construction have
prevented even a single case of groundwater contamination from injected fluids.
Therefore, unlike many states, the RRC does not require fluid injection permits for
fracking. If federal regulations are amended to include fracking within the definition of
Class Il underground injection wells, then the RRC will have to follow suit (Kurth et al.
2011).

Texas did become the first state to require operators to disclose chemicals used in

fracturing fluids in June 2011. Companies are required to disclose chemical ingredients
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of fracturing fluids and the volume of water used to the website fracfocus.org, operated
by the Ground Water Protection Council and the Interstate Oil and Gas Compact
Commission. However, companies will be able to withhold any information that it
claims to be “trade secrets.” Property owners and neighbors to the property owners will
be able to challenge the trade secret designation. In addition, a means must be provided
to supply the information to health professionals and emergency responders in case of
an injury or other accident. The statute became effective September 1, 2011, but only
applies to hydraulic fracturing treatments performed on a well for which an initial
permit was issued on or after the date the initial rules adopted by the RRC of Texas
(Elbein 2011; Kurth et al. 2011).
Exemptions for Oil and Gas Industry

The hydraulic fracturing industry has exemptions from parts of at least
eight federal environmental laws. These laws were written to regulate most heavy
industries in order to protect the environment from hazardous chemicals and intensive
use. Some examples of how other industries are regulated where hydraulic fracturing is
not are:

« Coal mine operators who want to inject toxic wastewater into the ground. They
are required to get permission from the federal authorities. Oil and natural gas
companies do not have to follow the same rules when injecting fracturing fluids
into a well (Urbina 2011c).

« Sprawling steel plants with multiple buildings air pollution is added together
when regulators decide whether certain strict rules will apply. At a hydraulic

fracturing site, the toxic fumes from various parts of a compressor station or a
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storage tank, for example, are counted separately rather than cumulatively, so

many overall fracturing operations are subject to looser caps on their emissions

(Ubrina 2011c).
The laws and exemptions for hydraulic fracturing are shown in Appendix 2
(Environmental Working Group 2012; Groat and Grimshaw 2012; USFWS 2012).

Regulation Enforcement Concerns

Regulations have not kept pace with the industry’s expansion, and the regulations

that do exist are not enforced correctly. Concerns have been expressed that oil and gas
industry interests regularly trump environmental concerns (Crowe 2011b). This was
found to be true by the Sunset Commission Report in 2010 that revealed the RRC does
not deter the oil and gas industry from environmental violations because it rarely cites
violators or issues fines. The report called for major restructuring of the RRC,
including adding more inspectors and greater budget reliance on fees and permits from
the oil and gas industry in order to address encroachment of fracture drilling near the
Eagle Ford Shale and the Barnett Shale. The report stated, “as the oil and gas industry
continues to affect significantly populated areas of the state, the Commission needs an
enforcement process that leaves little room for the public to question the agency’s
appropriate and consistent handling of identified violations” (Crowe 2011b). The
Sunset Review also cited the Texas Water Development Board (TWDB), calling out a
lack of coordination among state wide water planning efforts and the TWDB’s lack of
data that would enable informed conservation decisions. This data is extremely
important for Texas because of the large population increase, which is expected to

continue, and will affect water availability in rural and urban areas in the future (Crowe
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2011b). In Pennsylvania, industry has outpaced regulators who fear that if they are too
hard on the industry, companies will stop reporting their mistakes. This applies to
Texas as well since regulators rely on companies to report their own spills, leaks or
other mistakes made during the drilling process (Urbina 2011a).

The EPA stepped in and trumped the RRC in December 2010, stating that the
agency was lax in its enforcement of the SDWA. The EPA issued an Imminent and
Substantial Endangerment Order to protect drinking water in Parker County that had
been contaminated with methane and benzene. The RRC has received multiple
complaints from the landowners but has taken “inadequate action” against the gas
company, and thus the EPA stepped in to protect the individuals from the contaminated
water (Rahm 2011).

Any regulation that is to be effective in protecting the environment will depend not
only on the content of the regulation, but also on how well the regulation is enforced by
regulatory agencies. The enforcement and documentation of violations needs to also be
addressed to amend any differing methods of collecting, organizing, recording and
enforcement that may be happening. Complete records and an improved responsiveness
of agencies to violations will be the first steps to addressing environmental concerns

(Groat and Grimshaw 2012).



Chapter 3

STUDY AREA

Hydraulic fracturing is a process used to increase the yield of natural gas from rock
pores in a shale structure (U.S. EPA 2011). Each structure has a sequence of events that
is created to meet that structure’s particular needs; therefore, while the individual
structure requires a specific design, the overall process remains fundamentally the same
(Frac Focus 2012a; Frac Focus 2012b). Companies will drill vertical and/or horizontal
wells and then inject a mixture of fresh water, sand and chemical additives, called the
fracking fluid, into the well. Fracking fluids are pumped into the well at an extremely
high pressure in order to create fissures in the gas-bearing rock. The sand and additives
keep these fissures propped open to allow oil and natural gas to flow uninhibited back
up through the well where they are collected. After fracturing is complete, internal
pressure forces some of the injected fracking fluids to rise to the surface over the next
few days and weeks. Studies show that twenty to forty percent of the fracking fluid will
remain underground. Recovered fracking fluids are referred to as flowback and may be
stored in tanks or pits prior to disposal or recycling (Chesapeake Energy 2011;
Earthworks 2011; U.S. EPA 2011).

Experimentation with fracturing techniques dates back to the nineteenth century,
with an increase in application during the 1950s (U.S. EIA 2011). The first commercial

use of hydraulic fracturing as a technology used to produce oil or natural gas occurred

29
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either in the Hugoton field of Kansas in 1946 or in Duncan, Oklahoma in 1949 (Frac
Focus 2012a). In mid-1970, the U.S. Department of Energy, the Gas Research Institute
and private operators formed a partnership to develop technologies that would extract
natural gas for a commercial profit from the shallow Devonian shale located in the
eastern United States. These progressing technologies eventually led to the practical
application of horizontal drilling in the 1980s; however, it has only been in the last five
years that shale gas has been recognized as an economically viable solution in the U.S.
energy market (U.S. EIA 2011). Hydraulic fracturing has now been used on over one
million producing oil or natural gas wells, and operators are now fracturing 35,000
wells each year (Frac Focus 2012b).

Recent hydraulic fracturing methods were first used to produce oil in 2007 from
the Bakken structure in North Dakota and Montana. Today, fields in Texas, North
Dakota, California and Colorado are projected to be yielding two million barrels a day
by 2015. This means oil production will be raised by 20 percent over the next five
years. Overall, the Bakken and Eagle Ford structures combined are expected to
produce four billion barrels of oil (Fox News 2011).

The U.S. Energy Information Administration (EIA) estimated that recoverable
gas resources in United States shale structures more than doubled from 2010 to 2011.
The EIA predicts that by 2035, 45 percent of U.S. natural gas will be produced from
shale structures. The total estimated amount of recoverable shale gas is at 616 trillion
cubic feet (tcf) which is almost the same as Kuwait’s proven reserves. Texas is one of
the top producers of natural gas and oil in the United States with three major shale

structures: the Barnett, Eagle Ford and Haynesville-Bossier. In 2007, Texas produced
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988 billion cubic feet (BCF) of shale gas and by 2009 production had risen to 1,789
BCF, accounting for 57 percent of shale gas produced in the United States that year. In
2009, the EIA projected the Eagle Ford structure to have twenty one trillion cubic feet
of recoverable natural gas and three billion barrels of oil remaining. In 2011, the Eagle
Ford Shale produced 243 BCF of natural gas and about 30.5 million barrels (Bbl) of oil.
Rates of production are increasing dramatically and are expected to continue to rise
(U.S. EIA 2011; Rahm 2011; RRC 2011b).

These large increases in production are because of the use of hydraulic
fracturing and horizontal drilling. A vertical well will average fifty to one-
hundred thousand cubic feet of gas production steadily over twenty to thirty years. Yet
with horizontal drilling, recovery upfront is increased, which allows for a quicker
recovery of drilling costs. Until recently, development of shale structures was
disregarded because of the low rate of return on initial capital expenditure for
companies. For any business, this type of prospect in increased profits and quicker
recovery of initial development costs is an attractive option.

Hydraulic fracturing is considered to be more efficient and cost effective at
extracting natural gas and oil than conventional natural gas. With improving
technology, increased gas prices, and exemption from many federal laws, the extraction
of unconventional gas sources grew from 28 percent to 46 percent in the United
States from 1998 to 2008. Without hydraulic fracturing, up to 80 percent of
unconventional production from shale structures would be impossible to recover on a
practical basis (Symond and Jefferis 2009; Food and Water Watch 2010; Rahm 2011,

Frac Focus 2012a).
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The Eagle Ford structure is a shale formation. A shale formation is a fine-
grained sedimentary rock that forms from the compression of silt and clay-sized mineral
particles. Shale is laminated and fissile. In other words, the rock is made up of multiple
thin layers that easily split into thin pieces along the laminations. Black organic shales
are the source for natural gas and oil deposits which are often trapped within tiny pore
spaces or absorbed into clay mineral particles that make up the shale (Geology.com
2012a).

The Eagle Ford shale structure is a hydrocarbon producing formation that
has a significant importance to the natural gas industry because it produces both gas and
oil more than other traditional shale plays. Natural gas and oil producing wells in the
deeper part of the play contain a much higher carbonate shale percentage; which makes
the Eagle Ford Shale brittle and easier to break (RRC 2011b; U.S. EIA 2011).

The Eagle Ford Shale is located in south Texas and has seen a large increase in
oil and natural gas well activity beginning in 2008. Since that year, 3,477 oil and gas
permits have been issued, and gas well production for 2011 has reached over 139 BCF.

Oil production for 2011 was over 8,049,289 Bbl. There is a projected 21 tcf of natural
gas and three billion barrels of oil now recoverable with the use of hydraulic fracturing.
The Eagle Ford Shale is about 80.5 kilometers wide and 644 kilometers long with an
average thickness of 76 meters. It is located between the Austin Chalk and Buda Lime
at an approximate depth of 1,219 to 3,658 meters. The major operators in the Eagle
Ford Shale are Petrohawk, Anadarko, Apache, Atlas, EOG, Lewis Petro, Geo Southern,
Pioneer, SM Energy and XTO. There are sixteen fields covering twenty four counties

located in Railroad Commission Districts 1 through 6. The counties used for this study
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include Atascosa, Bee, Brazos, Burleson, DeWitt, Dimmit, Fayette, Frio, Gonzales,
Karnes, La Salle, Lavaca, Lee, Milam, Live Oak, Maverick, McMullen, Webb, Wilson
and Zavala (RRC 2011b). The structure is located in the Rio Grande, Nueces, San
Antonio, Guadalupe, Colorado and Lavaca Rivers watersheds (Sansom 2008; U.S.

Geological Survey 2010; Census Finder 2012; Geology.com 2012b).
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Figure 2. Map of Counties for study.

This area consists of rural communities that rely primarily on farming and
ranching for income. Almost all water used for hydraulic fracturing in the Eagle Ford
structure comes from underground aquifers, such as the Carrizo-Wilcox and the Gulf-
Coast Aquifer, which relies on rainfall for recharge. The Eagle Ford area averages from
94 centimeters annual precipitation to the far east of the shale structure to 43

centimeters farthest west (Sansom 2008; Rahm 2011; Rahm and Riha 2012).
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The Carrizo-Wilcox and Gulf-Coast Aquifers are both major Texas aquifers that
extend from the Texas-Mexico border to the Louisiana border. The Carrizo-Wilcox
Aquifer consists of the Wilcox Group and the overlying Carrizo Formation of the
Claiborne Group. It is primarily composed of sand locally inter-bedded with gravel,
silt, clay and lignite. The average saturated freshwater thickness is 204 meters.
Irrigation pumping accounts for slightly more than half the water used, and pumping for
municipal supply accounts for another 40 percent of water consumed from the Carrizo-
Wilcox Aquifer (TWDB 2012a). The Gulf-Coast Aquifer consists of several aquifers,
including the Jasper, Evangeline, and Chicot aquifers, which are composed of
discontinuous sand, silt, clay, and gravel beds. The saturated freshwater thickness
averages about 305 meters. The Gulf-Coast Aquifer is used for municipal, industrial,
and irrigation purposes. In South Texas, groundwater use accounts for 65 percent of
irrigation needs, 25 percent of municipal needs, and 5.5 percent for mining needs
(TWDB 2012b). The Rio Grande, Nueces, San Antonio, Guadalupe, Lavaca, Colorado,
and Brazos Rivers are the major rivers that flow through the study area. The rivers and
their basins are listed in Figure 3, Figure 4, Figure 5. Surface water accounts for 75
percent of municipal water use in South Texas. These river’s characteristics are listed in
Appendix 3 (Carroll 2012; Clay and Kleiner 2012; Donecker 2012; Hendrickson 2012;
Metz 2012; Smyrl 2012; Weddle 2012). Overall water use of South Texas is expected
to increase 68 percent by 2060 and with increased use for oil and gas production this
region is expected to have water shortage problems during times of drought (TCPA

2008; TWDB 2012a).
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Chapter 4

METHODOLOGY

Data

The data for spills in the Eagle Ford structure were obtained from the Railroad
Commission of Texas’ (RRC) ‘Crude Oil, Gas Well Liquids or Associated Products H-
8 Loss Reports’ online (RRC 2011a). Reports from 2008 until September 2011 were
used for this study. Geographic Information System (GIS) data for wells in the Eagle
Ford structure were purchased from the RRC for twenty counties identified for this
study (RRC 2012). Other GIS data that included major rivers, hill shades, and river
basins, were obtained from the Texas Water Development Board and Stephen F. Austin
University (Stephen F. Austin State University 2011; TWDB 2011).
Analysis

The first analysis used in this study is a statistical analysis using Moran’s 1.

Moran’s I measures the degree of spatial auto-correlation in areal data (Rogerson 2006).
It uses a variable’s location and attribute values simultaneously to evaluate whether the
pattern expressed is clustered, dispersed, or random (ESRI Developer Networks 2010).
Equation 1 shows Moran’s I. The study will be used to determine if spills are spatially

auto-correlated across 20 counties of the Eagle Ford structure.

nz lZ]WU ZL'Z]'
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(1)
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For this equation n=20 regions and w;; is a measure of the spatial proximity between
regions | and j. The counties were each given an ID number, one through twenty, and
the number of spills for each county was identified as shown in Table 6. The ID
number for each county was labeled on a map in Figure 7. A binary connectivity
definition of the county map resulted in a matrix, Table 7. The matrix was created to
determine the weights (wj;) or binary connectivity that represent whether or not two
counties were contiguous or not. In this matrix if two counties were contiguous w;j = 1,
if not wj; = 0 (Rogerson 2006). Then the mean (E[I]) and variance (V[I]) of I was used
in a z statistic, shown in equation 2.

I—E[I]
VII]

)
A Z-statistic was created to determine if any given pattern deviated significantly from a
random pattern. The Z-statistic value was compared to the critical value found in a
normal table. Moran’s I is interpreted much like a correlation coefficient. So if the end
value is close to positive one, a strong spatial pattern exists, if the end value is close to
negative one, a negative spatial pattern exists and if the end value is close to zero, it will

mean the spills are random.



Table 6. Counties ID and spill count.

Selected Counties

Count Total
D | County Spills
7 Atascosa 3
10 Bee 2
20 Brazos 11
19 Burleson 7
14 Dewitt 11
3 Dimmit 5
16 Fayette 8
5 Frio 10
13 Gonzales 2
11 Karnes 5
6 LaSalle 3
15 Lavaca 7
17 Lee 7
9 Live Oak 1
1 Maverick 0
8 McMullen 3
18 Milam 1
4 Webb 16
12 Wilson 0
2 Zavala 3
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Table 7. Matrix created showing contiguous counties.

Matrix
1/2|13/4(5/6|7|8|9|10(11|12|13|14({15|16|17 (18|19 20

1/0/2/12/2/0/0/0/0/0|0
211/0/1/0{1|21(0}|0|0| O
311{1/0}12{1|1(0}|0|0| O
411/0(1(0{1/0(0|1]0| O
5(0(1(1(1(0f(1j1j1(0] 0
6 (0(1(1(0(1(0j1}1(0] O
710{0/0j0|1|2(0}1]|1,0
8 10/{0/0j0O|1|2(2|0|1/|0
910{0/0j0|0|0Of2]|1]|0|1

10{0|0|0|0|0|0|0O|0O|1]|O

0
0
0
0
0
0
1
0
0

0
1
0
0
0
0
0
0
0

0
0
0
0
0
0
1
0
1
1
0
1
1
1
0
0
0
0
0
0

11/0|0|0|0|0|0|1|0|1|1

12/0(0(0|0/0(0|1]|0|0] O
13/0(0(0|0j0(0|0|0O|0O] O
1410(0(0|0/0(0|0|0O|0O] O
15/0{0|0|0|0|0|0|0|0O]| O
160|0|0|0|0|0|{0|0|0O]| O
1710(0(0|0/0(0|0|0O|0O] O
18/0(0{0|0/0(0|0|0O|0O] O
19/0/0|0|0|0|0|0|0|0O]| O
20(0|0|0|0|0|0O|0O|0O|0O]| O




41

Selected Counties for Study

(o 20 40 80 Kilometers
\
i By: Cortney Wenzel

Figure 7. Map of counties according to ID number given.

The second method of analysis uses Geographic Information Systems (GIS).
Hydraulic fracturing well locations were identified and mapped. Spill locations were
identified and mapped. Then buffers were created to show the shortest, longest, and
average distance from a well to a stream in order to determine how far a spill would
need to travel before it reaches surface water.

Results

The mean number of spills was per county 5.26 and the variance was 22.36.
In SPSS, the number of spills per county was transformed into z-scores. Then the
quantities a; = Y jwi;jz; were found. Here a; represents the weighted sums of the z-scores,

where counties that county i is connected to were summed. A linear regression was
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then used with a as the dependent variable and z as the independent variable. The
regression coefficient was 0.246. This coefficient is the numerator used in calculating
Moran’s I. To determine the denominator another linear regression was performed. For

the “y values,” the sum of weights for each row in the matrix was found and shown in

Table 8. The “x values” were all 1s because each one represented one county. The
regression coefficient for the denominator was 3.75. By plugging in the numerator
coefficient and denominator coefficient, Moran’s I was found to equal 0.0656. The
mean (E[I]), variance (V[I]), and Moran’s I were used in the Z-static equation which
equaled 0.027. This value was then compared to the critical value found in the normal
table where a confidence level of 95% implied critical values of -1.96 and +1.96. The
null hypothesis of a random distribution of spills was not rejected. Spills in the Eagle

Ford Shale were a randomly distributed.
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Table 8. "y values™ and "x values" used to determine the denominator coefficient.

Matrix

H
()
w
o
\l
<
X

R|lP,r|lo|lRr|Rr|lo|lo|lo|o
Rlo|lRr|lRPr|R|Rr|lo|lo|lo]| o
o|lr|r|lo|lo|lo|o|lo|o| ©
r|lo|lo|lo|lo|lo|lo|lo|o|or
mlo|lr|lo|lo|lo|lo|lo|o |k
Albd|lojlun|lo|pr|lo|bd|w

N e e e N = e

o | o|lo|lo|lo|lo|r|rRr|Rr|oO

o | o|lo|lo|r|rRr|O|rRr|O|r

o | o|lo|lo|lr|rRrR|RLR|O|Rr]|EFR

o | o|lo|lo|lo|r|o|r|O|r

o |o|lrRr|RrR|lR|lO|lFR|FR|RLR|O]| O
o |o|lr|r|lOo|lrR|O|lFR|RLr|O]| o
o |o|lo|lr|ojlo|lo|lo|o|lo|NME
O | o|lo|lo|lo|jlo|o|o|o|o|wk
O | o|lo|lo|lo|jlo|o|o|o|o |~k
o |o|lojlo|lo|jlo|o|o|o|o|ur
O | o|lo|jlo|lo|jlo|o|o|o|o|or
o |o|lo|jlo|lo|jlo|o|lo|o|o|~NEF
O | o|lo|jlo|lo|jlo|o|o|o|o|or
o |o|lojlo|lo|jlo|lo|o|o|o|or
O | o|lo|lo|lo|jlo|o|o|o|lo|loN

o
o
IR
o
=
N
[N

o
o
o
o
o
o
-
o
=
=
o
=
-
-
o
o
o
o
o
o
()]
-

ONOROORINRFRORORRARRPIOWORINRPRPPRPORLR| O|0|(N|O | Ol AW |IDN|BE

For this study, a few relationships were also examined and should be taken into
account. The categories obtained from the data set and were analyzed included: Cause

of Loss, Type of Liquid Lost, Gross Loss, Recovered Loss, Net Loss, Type of Facility,
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Operator Name, and Counties. The total gross loss was 22,369 gallons and the total
recovered loss was 19,007 gallons, which meant that 3,362 gallons of liquids were not
recovered. The average gross loss was 189.2 gallons while the average amount
recovered was 161 gallons. The one outlier was found in Brazos County which had a
15,000 gallon gross loss spill and all 15,000 gallons were recovered. Table 9 lists the
amount lost and recovered by county. For Cause of Loss, Equipment Failure and

Corrosion accounted for the largest amount of gallons spilled.

Table 9. Spills by county and amounts lost in gallons.

Amount Spilled by County
County Gross Loss | Recovered Net
Loss
Atascosa 330 9 321
Bee 438 809 29
Brazos 15,299 15,281 18
Burleson 702 439 263
De Witt 606 259 347
Dimmit 152 110 42
Fayette 394 308 86
Frio 153 165 348
Gonzales 46 40 6
Karnes 384 159 225
La Salle 150 95 55
Lavaca 714 539 175
Lee 466 335 131
Live Oak 10 10 0
Maverick 0 0 0
McMullen 444 0 444
Milam 90 0 90
Wilson 0 0 0
Webb 807 413 394
Zavala 50 16 34

The second method of analysis used Geographic Information Systems (GIS).

Hydraulic fracturing wells were identified and mapped in Figure 8. There are a total of
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19,203 oil, gas and combined wells, Table 10; a combined well is a well that produces
both oil and natural gas. Spills were identified from the ‘Crude Oil, Gas Well Liquids or
Associated Products H-8 Loss Reports’ by using their lease name, operator, field name,
Lease number, gas permit number, and survey name (RRC 2011a). Some locations had
to be identified using x,y coordinates that were given in spill reports. New layers were
created for each county using the identified well’s American Petroleum Institute (API)
number. A new layer was also created for the x,y coordinate spill sites. These spills sites
are mapped in Figure 9. Once spill sites had been identified, buffers were created
around streams at one point six kilometers and eight kilometers, Figure 10 and Figure
11. There were fourteen spills within one point six kilometers of a stream and 42 spills
within eight kilometers of a stream. The average distance from a spill to a stream was
three point eleven kilometers. The county and distance from a spill to a stream are

shown in Tables 11 and 12.



Table 10. Oil, Gas, and Combined well totals by county.

Number of Active Oil,
County Gas, and Combined
Wells
Bee 873
Atascosa 1,457
Brazos 273
Burleson 1,583
DeWitt 312
Dimmit 821
Fayette 349
Frio 773
Gonzales 127
Karnes 257
LaSalle 716
Lavaca 594
Lee 598
Live Oak 694
McMullen 1,505
Maverick 906
Milam 1,218
Webb 5,135
Wilson 629
Zavala 383
Total Wells 19,203




Table 11. Spills located within 1.6 kilometers of a stream.

County Spill was

Kilometers from

Located In Stream
Brazos 0.74
Brazos 1.35
Brazos 0.86
Brazos 0.98
Brazos 1.28
Brazos 0.55
Brazos 0.85
Brazos 1.21

Burleson 0.78
Burleson 1.02
Fayette 1.21
Fayette 1.55
Fayette 1.25
Lavaca 1.56
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Table 12. Spills located within 8 kilometers of a stream.

County Spill was Located In

Kilometers from Stream

Brazos 0.74
Brazos 1.28
Brazos 0.86
Brazos 3.66
Brazos 0.98
Brazos 0.85
Brazos 1.21
Brazos 1.35
Brazos 3.72
Brazos 0.55
Burleson 1.02
Burleson 1.94
Burleson 0.78
Burleson 2.75
DeWitt 7.8
DeWitt 5.55
Dimmit 7.37
Dimmit 2.88
Fayette 1.21
Fayette 2.55
Fayette 1.55
Fayette 1.25
Frio 3.29
Frio 3.49
Frio 3.42
Frio 2.23
Gonzales 4.88
Karnes 6.6
Karnes 4.86
Karnes 4.8
La Salle 4.59
Lavaca 1.56
Lavaca 2.73
Lavaca 2.46
Lavaca 4.59
Lavaca 4.54
Lee 2.66
Lee 5.8
McMullen 2.6
Milam 6.3
Webb 2.78
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Figure 8. Qil, Gas, and Combined Wells.
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Figure 9. Spills in the Eagle Ford Structure.
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Figure 10. Stream Buffer at 1.6 kilometers.
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Stream Buffer at 8 kilometers

N
s .« ° 0 15 30 60 Kilometers .
? i | I |
By: Cortney Wenzel AR
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Chapter 5

CONCLUSIONS

The greatest loss in spills came from Equipment Failure and Corrosion. Both of
these causes could easily be fixed by operators and avoided in the future which would
help protect the environment. These categories should be examined in future research to
determine what effects each category may have on spills. Even though the spills were
random and not spatially correlated, a correlation may be found in the future between
operators and the largest amounts of spills, or spills may need to be spatially analyzed at
a different scale, such as by gas or oil field. These are examples of the implications
future research will address.

The cumulative environmental impacts of hydraulic fracturing on rural landscapes
remains unknown, and the impacts of gas drilling operations continue to result in
environmental degradation (Michaels, Simpson, and Wegner 2010). There is a need to
assess these impacts to prevent further damage to our natural environment. Different
environmental impacts occur at individual sites, but the cumulative impacts on
watersheds and regions as a whole needs further research. This research gave a basic
understanding of where wells are located in the Eagle Ford structure, where spills have
occurred, and their geographical relation to streams. Future research should assess the
cumulative impacts of all spills in a watershed and then in multiple watersheds as

headwaters meet the Gulf of Mexico.

51



Appendix A

PRIEUIUEINGD TEINS ATEINGIA F3ARY

I2IEAN2]SEA

05°CTS - s2 2 2 0 smofres Qo7 EITEATASTITR
05515 - 524 A A EE0I] PUE UONEUIIEIN0D PUETIR N 3 TES 00T Y HIEAIASTREE
: S : pands amyie] dumg
STIOTSTTI0D
050°9CE - 52 2 oN [I6X USII PUE UOMNEWIUIEINOD PUB[IA adid payreg 4q pasned BITEATASTITR
059°9¢% - 524 2R N I s p Heu! PUETI= Ay smmids 125 wEaLIqN UEALASTU=
10 SUOIES 000°S
3pia 123] ()< PUE Yorg 1827 Q] SeTUE] ax TEJ .
o o s Pha 123] (€ PUE 414 133] (0] i IRTE BIEALASTIR
- - - 01 papucdsa; WE2] S[ELFIEIN STOPJEZEY] | uel puE 1id JRIEmalsep :
R e a - T I —— weans ot [ oo
SLTTFIS - 524 =L =L 1 wEg PUE TSt S reuasIp Py SRl MEALASTUR 4
I21EA AJ[ES I 2AT] BT 2ES[E 2118 I ]
oN N N 1B AJJES T ST 38T o] 5 o EIUEAJASTIURJ
- - - JO TLWOISIZA0 THOI] (1N USII [ ¢f | =5Ieyasip pmyJ SUi§aei :
15330 21E1S B OJUI
- PIJ SUI¥IEI] JO SUO[ES .
184 10N 2 BT paip momelRSaa sazog | T Y BITEATASTIIR ]
000°CE PIBIEGISIP
uotsofdx2 [[2N
2mased
000°7T8 - SoX sa i N STRE=P yuied ‘wofs PaIp 2[1ed /] ojur ped [12m woig EUEISMO]
pa¥Ea] spmyl SwimaEsg
I2ATY OpEIO[O)) 2 STIO[[ES WON[IW §
ET Bl BT P OPEAOTO) =T - I 9 OpE30[0))
PRUJERS YIIYaL STEINS PRIEUIUEINOD) PasEa] ud I2EMAISEAN
Ijouru STIIE] PUE]
ON ON Op W0l SUONERUIIU0D 2PLIOMY YSiy uo pardde Apradoxdun SESUEHIV
AJ[EWIIOUGE TRLW STUERAS PIBUIIEIUG)) SpInyl SuI¥IEI g
JAmedwon
peuod=y : ide .
pasodwy 2w g JEUIESY UINE] cuedma saouanbasuon Sunmsay 2PV, idg Jo 2snE) =310
U0y AUy . .

SJUSPI2Y 79 S||1dS pauaWNI0Q

52



53

BN

[T JRlEM

uEea12 apraoxd o T AQ ‘52 Bl SIEUITUERINGD S[[am JRIBM J SUITIOAA
P ‘ 1| vdiaqsi P=IEUITIE] 1 B /] oY TORRISIN ALY MOOAMN,
pRi2pIQ - 52,
. ) ) ) P2UIEIUO0D SEM I STELIRIETI Paseq BIWISII A
000°0TS - =X RN EERY I - - . - -
210]J2() WE2NE JO ST { PIIEUNIEIN,) wmztonad paSeyasiq =AY
|_ |_ |_" g - 53 [ | or ﬂ_MHm._“H_”HHHmH_“H_u“_ WOTIIRAQ ”_.H_HH .HM”_. .....J”_.n.m A SEXZ
0007585 - %4 A I DUE] U0 SYUE] PUE UONBWIWEINOD [og | g0 3 SR !
opN ON an 1035 MOMOTG JFIEMIISEA SEX3
N N N [l TONEIREaA OU ‘UONBUILIEINOD [0 001G ENSEEN el
oN ON aN 2pixo wE0ni 1STIETXR Tasat SEX2
N N N 10 SHONERU2W0I yEy ‘wonuod 1y SRS == el
ou SWIRISAS JIaT) WD SUSN[0] PEY palsa
ON " uﬁuu oN 15AS 1 5 : 0 PR PSS e oo P2¥E2] S[EIIUTD) SEX2]
- VI3 AQ SR - SPIOUSNON JO 00 252w monnjrod iy | : :
e A 100 S[134 JRIE
313 3P | es any STl J2EAL PRIBUITIEINO S e e
PIpROMOL | o g g N IR SRR PREHEIO) | o wonesSin swetpapy 1
PI2pI0 - 2%
0SE°L6S - 2L 2L oN Pausiaiess AJEND g1 B pRIlEUIEING) | m0[IizA0 1id IBMRISEAL | BIUEAJASTURJ
ANSIZATPOIG YOI 51 SpImT SWHIEI]
000°0FTS - 528 2 s3Ik 0] suonaaoxd SuiAlRdar ATSUS] IIEM 10 S[3ITEQ (JC7 De¥ES] | EIMEAJASUURJ

wEs ANTenD iy B palemmEIne)

U] UOISSIIEUET TUX0Ig




54

'S[[Hds PUE SB2[ 2ZMUTUIL 0] PUE 2]SEA\ STIOPIRZEY §11 AN
UB2[2 01 2ANU2DUL 2[111] seY Ansnput 2y} ‘Apuanbasuo)
'SES [RINJEU PUE [10 2PN[IX2 0] U] ST SAULJP ME[ 2] o

.'20UBISQNS SNOPIEZRT],, B JO 258221
PaUR]E2IT] 10 25B2[21 B 10] 81509 dN-UL3[D 107 2]qRI] P2
2q 01 sa1IRd 2]qisuodsay A[EnuU210d smof[e punpadng e
‘Ajuenb ploysam]] UTR1I20 B I S2]SEA STIOPIRZEY]
2wios Jo syrids wodazisnur s s1oleiado seS puB IO e
'S20UBJSQMS STOPIRZET] JO §1502 AI[IGEY]
pUE 5uII0da1 271 WO SES [BINIEU PUE 10 s1dWaxy e

'086] U P210BU2 SBa

AVE] 2]} 210]2q S21SBA SNOPIEZET] JO [RSOASIP 10]
a1qisuodsar 2so1]} 2[qEl] PO 0] Pasn 2q ULI 1
SUB2TI 2114 “2AT0B0I STV T "ANIGR]]
J0 s22152p pue pannbar dnuead Jo [243]

21} AJIIR[2 01 J2PI0 UT 2PEIU 212M SJUATPUIIE
1olewr ggg1 ur, punpadng, se o) paiiajal
ATUOUIITIIOD ST AVE] SH ] "21SBAL JTXO] [[IEM
PRIBUMLIRIUOD 2118 Jo dnureapd 211 sannbay

19V Alpqer]
pue ‘uopesuadwo)
‘Ajniqisuodsay
[RIUAIUOIIATY
aatsuagardwo))

‘218BM 21} J0] s2unpadoid [esodsip JoJ Alfiqisuodsas
2ABY JURNHTIZA0S [BI2P2] 211 10U “52]B1S JET] SUBAUI ST »

VAW 1O D 2PNqNS UF SU0K0LS [esodsip 21sea

SNOpIeZEY 211 oIy 1duaxa a1k SUIJLp PUe SULINIIRI]
woi] ‘sajsem uononpoid pue uorjeio]dxa ‘sa)sem 1SOTY] »

'$211S PAIBUTLITEIUOD SUIISTX

0 dnueapo 107 suoisiaord A0S sapnjoul
OS[V "2]SBA\ STIOPIBZEY] JO USRS RUEBLY

21[1 J0] SPIEPUE]S SUNI2s Aq sdnp

2]SBAL OTX0] JO TOIB2ID 21 Ju2421d 0] §322§

(Vo)
10V AT2A002Y
UOT}BATISTIO))

PUE 201105277

jduwaxa sy A1jsnpur Ses pue 10 M0H

S2]B[NS2I ME] 2] JRI A\

MET

suonjduraxg

54



55

*§2102ds P21s] B JO SUM{E]  [EIU2PIOUT, 211 U 1[Ns2I

Aeur 1611 Ju2tdO[2A2P OMUOTI022 12110 10 UOYINIISUOD SB
yons ‘41141108 ue 1l paaooid ued s1apjor inuiad ‘sny T e

uatndofasap zm_.ﬁ Aq paroagre

2q [T s2102ds patragealt) 1o pazasuepu2 Ji urad

(AR, [BIUPIOUL TR UTRIGO AJ[enU2]0d pUB 201412
AJPILAA PUR ST 211 114 )NST0 SN EEE&O .

“SIENIqEY

satoads 5uno2301d Aq 1ed Ul SYIOM ME]

21 "puUoAaq pue sajelg payiup) 2y uisyueld
PUB I[P ‘s1] Jo satoads pauajeaiy] pue
pazaBuepua 1aa0021 pue 102301d 0] pausisap s

(vs3) 0¥
sar0adg parasuepuy

‘seare paje[ndod Ajasuap
3PISINO SIND00 SUITHP 271 Joyontu 12 X “2[doad uoyyiu
auo ey} 1ajeais uonendod e im eaze ueyijodonaw
B UM 27 A21]) 1 s11d pUE S][2.:4 S [[IN0S SAI[IIE]
SES PUR [10 [[RIUS [ENPIAIPUI 0] SPIEPURIS 125 URD VT »

AALEL

J2PUN JIUN PIIES2ASEE UE SE P1BII] JOU 21 SIS SUI[L( »

'sa1R1g pajtu) 213 ut I Jo Ayund
pue Ajifenb a1} 10] sprepue)s pue §[ROS §12g

(¥vD)
WY Iy UBI[)

"12]B215 10 2108 2TO §1 JB1) PBOI §52008 pUR ped [[am B
JO UOTANIISTU0I 211 J0] 10V J21B A\ UB2[)) 271 Japun Jumad
121EM TUI01S B UTRIGO ISNT s301BI2d0 SES [RINIBUPUE IO »
'§20URISqNS
SNOPIBZEY] IO ‘2SBAIS 10 1A PAIBUTIRITOD 10T 51
2]1S [10 10 SBS [RINJRU B WOI] OUIL IR UWHI0)S SP Suo]
SEUIRISAS UONEUNIIF MEEUEQEEEE& [BUOHEN
211 Jopun JuIad B UTEIGO 01 2ABT] 10U 520P ANSNPUI Y] »
‘g7 Wi suonyerado
uononpord pue uorieio[dxa se5 pUE [10 WOIJ JUALITPIS
0 S25IRISIp J2]BM 1018 JATU2K2 SS215T0) PUB VI »

‘s[[ids T10 Jo piezey

21]1 SS2IPPE A[2AT12]J2 2101 0] ()64 UI PUE
‘sjureinyjod O1X0] U0 S[0IIT00 2SBAIIUL 0] /]
Ul ApuauitnoId 1SOUT *S2TNT] [RIAAAS PAPUATIE
u2aq ser }] “Ajnd pue Ajpenb 1ajea g ) 107
SPIBPUER]S PUE S[ROS SUTRJUIRIU PUE S2YSI[qRIST

)
10V I21B A\ UEBI])




56

'spunod 00Q°7

01 spunod g [BUIS1I0 2} TWOIJ g7 Ul PASEIIU SB

proysamy} punod (07 ST L "AJUNIUTLI0D 213 0} AJ[108]

Jad azowr 3o spunod (‘7 Jo saseajal 210} Hodar AJuo
P21 ASTPUL SES [RINJET PUE [10 271 JO S[[2.:4 [ENPIAIPU] o

'PUE] U0 JO 250dSIp pUB 12JeM PUR
I1B 1]} 0} U 28B2[1 A1) STRIMUATD 21X0] JNOge
UOTBLIIOTUT 250]281p 0] samrediod sazmnbay

10V M0UYy 0] 15Ty
Ajuno)) pue

sumue[gAduabiawyg

"V ALQS Wwoapidwaxa jou 25e
A3} ‘1242301 “SULINJIRI UT[2N] [2521p 251 S10JR12d0 I o

Tasy uoljeiado

sunmnjoery a1 soyiniad (D1 ) enuoa uonoalu

PUNOISIZPUN W A\ (TS B URIQO 10U paau s1ojerado

8]]2 Joxu0d nondalur punoisiapun ui Jo pasodsip
ST1BY} SUI[HP PUR SULINORI] WOIJ 2)5ea 0] AJu0 s21dd Y e

‘To1e d] J121]3 Jnoge

SIATUNSU0D THIOJUT 0] sTuatuaninbar, moty
013451, 21yqnd papnjoul pue ‘SJUBUILIRILO)
UOTUTHOD JO] SPIRPUR]S M2t paznbar fuonoali
PUNOISIAPUN TWOIJ UON22)03d 1 BAMPUNOIS

1] saytur sanmbar pue ‘Ajazes Jajem

&._.E I0] SPIEPUE]SIATEM w._:ﬁ_.:ﬂﬁ SASIgeIs]

(VATS) 1V
JaJe A\ SURULI(T 2JeS

'2JBSTN 2q P[NOM SAJIANIR NS JBY] 2401d

03 21jqnd 2173 03 Jooid Jo uaping Ay SYIYS A[2AH2]J2
‘$007 UISSAI5U0)) AQ PAIORUR TUONAWAX2 AT e

‘puey ongnd

U0 SJUAT)B1S JoRAT [RIUAUOIIAT JNPU0I 0] PAAT 2]
SUIAOTIAT 'SAMIAT}OR SUI[LIP SES PUE [10 UTR1I20 s)dWaxy e

TUATUUI2A0S

[BI2pa] 21} AQ PApUN] IO UANEH2PUN SAIATOE
1o[eur [[e JO sjordU [BUATIONALR 213 JO
SJUAISS2SSE [5N0I0Y] JaNPU0d SA10U25R [RI2P2]
1eq3 Juataninbar st stamjeagyuelrodi 180y

(VdAN) 10V Adrjod
._.E:.M_EEOE-EM
[EUOIIEN




Appendix C

uonInpoid
._ . - SBD) PUE .
uosajIng pue 227 “WEHA SEX2] UISI2AL JO 5IRYISIP 152)B21D) 10 ‘Surpouey 079°FF S0ZBIg
‘SunureJ
SEX2] UL A[[OTM J2ALT 152518
22T puUBI2AR] SEXa Ul sumuie 006°6¢ OPEIOO))
sta1qoid 25BUTRIP SNOI2S 150 21]) SEY
uonInpoid
BOBART] PUE 2)12AR ] 'S2[RZUOD Sueq $31 SUOTR IYSH SPIY 10 SED pUE 087°7T BOBAET]
) 12p0I12 A[ISE2 1A PUNOIE S[I0S | 10 ‘Suiyoury “ . )
‘SunureJ
- Uonea1yg
UOSTIAY §]U2A2 SUIPOO]] 212428 0] QU0 e .
. h h . puE ‘SuIjoury 0L0°0 | 2dnfepenn
PUB 212AE ] 'S2UIRY NIAN2(] ‘S2[BZUOD :12A1 [EUOTIB21021 TR[ndog Sunueg
UTB112} SUI[OI A[JU25 0] JB]] SASIAAE]
RIS OUH[OT ARU=0 O3 JR]} S2SI9ARIL [BUOIIE212Y PUE OTIOIUY
UOS[IA\ PUE S2UIEY] ismIeans o +€6 _
] 205 AJISOTN ueg
SEX2 ] 1SOUI URY] JAIPE2LS ST AWN]O A
s DU uonInpoid
. . : . =°dp i : SBD) PUE . i
*SAUIRY "TOS[IA\ ‘O] “UA[NIARIA “2][BS BT SBAIY [BINY UL AURUNUOP2IJ 10 ‘Surpouey 008791 S202NN
"BSOJSEIY “E[EARZ “WE(Q) 241 JILULUI o
1V E[BARZ HEQ =AU SuruTe I
._ ._ co o sulyoury JpUEID
qQ2 A\ WLUTUL YOURARTY SISEN]S Uam0Iq ‘SULIAPUBIN] pue Supmrey 000°0 ory
(Tur bs)
Sa1UN0)) Apn S21UNO0) AP 271
HUTOD) APTHS 12ATY JO samnjea HITOD) APTHS 'S 12ATY
28211 S12A0)) UISBY JAATY _ Ul S2UISNPU] uiseg _
ageuIRI(]

BIB(] SI2any Jolejy

57



REFERENCES

Aldrich, Daniel P. 2008. Location, location, location: Selecting sites for controversial
facilities. Singapore Economic Review 53: 145-72.

Anderson, Frank W. 2010. A Preliminary Study on the Impact of Marcellus Shale
Drilling on Headwater Streams. The Academy of Natural Sciences of Drexel
University. http://www.ansp.org/research/pcer/projects/marcellus-shale-
prelim/index.php (last accessed 10 March 2012).

Barbier, Edward B. 2007. Frontiers and sustainable economic development.
Environmental & Resource Economics 37: 271-295.

Bauers, Sandy. 2011. Duke Study finds methane gas in well water near fracking sites.
Inquirer 10 May.
http://www.philly.com/philly/health_and_science/Duke_Study finds_Methane
gas_in_well_water_near_fracking_sites.html (last accessed 1 March 2012).

Berger, Joel, and Jon P. Beckmann. 2010. Sexual predators, energy development, and
conservation in greater Yellowstone. Conservation Biology 24: 891-6.

Biello, David. 2010. Fracking to Free Natural Gas?. Scientific American 28 February.
http://www.scientificamerican.com/podcast/episode.cfm?id=fracking-to-free-
natural-gas-10-02-28 (last accessed 1 March 2011).

Brody, Samuel D., Himanshu Grover, Sarah Bernhardt, Zhenghong Tang, Bianca
Whitaker, and Colin Spence. 2006. Identifying potential conflict associated with
oil and gas exploration in Texas state coastal waters: A multicriteria spatial
analysis. Environmental Management 38: 597-617.

Carroll, Jeff. 2012. LAVACA RIVER.
http://www.tshaonline.org/handbook/online/articles/rnl02 (last accessed 23 April
2012).

Census Finder. 2012. Texas County Map. http://www.censusfinder.com/maptx.htm (last
accessed 2 February 2012).

58



Chesapeake Energy. 2012. Hydraulic Fracturing Facts.
http://www.hydraulicfracturing.com/Fracturing-
Ingredients/Pages/information.aspx (last accessed 16 March 2012).

Clay, Comer and Diana J. Kleiner. 2012. COLORADO RIVER.
http://www.tshaonline.org/handbook/online/articles/rnc10 (last accessed 23
April 2012).

Crowe, Robert. 2011a. Sinking Feelings: Gas fracking may already be lowering water
tables in South Texas. San Antonio Current 5 January.
http://lwww2.sacurrent.com/news/story.asp?id=71891 (last accessed 12 March
2012).

Crowe, Robert. 2011b. Warming trend: Regulators far from ready for challenges
fracking brings to South Texas. San Antonio Current 26 January
http://www2.sacurrent.com/news/story.asp?id=71968 (last accessed 27 February
2012).

Donecker, Frances. 2012. SAN ANTONIO RIVER.
http://www.tshaonline.org/handbook/online/articles/rns06 (last accessed 23
April 2012).

Elbein, Saul. 2011. Letter from Decatur: Here’s the Drill. Texas Monthly October 2011
74-82.

Environmental Working Group. 2012. Free Pass for Oil and Gas: Environmental
Protections Rolled Back as Western Drilling Surges: Oil and Gas Industry
Exemptions. http://www.ewg.org/reports/Free-Pass-for-Oil-and-Gas/Oil-and-
Gas-Industry-Exemptions (last accessed 28 February 2012).

ESRI Developer Networks. 2010. How Spatial Autocorrelation: Moran’s I (Spatial
Statistics) works.
http://edndoc.esri.com/arcobjects/9.2/net/shared/geoprocessing/spatial_statistics
_tools/how_spatial_autocorrelation_colon_moran_s_i_spatial_statistics_works.h
tm (last accessed 17 November 2011).

Food and Water Watch. 2010. Not So Fast, Natural Gas: Why Accelerating Risky
Drilling Threatens America’s Water. Washington D.C.: Food and Water Watch.

Fox News. 2012. New Drilling Method Opens Vast U.S. Oil Fields. Associated Press
10 February. http://www.foxnews.com/us/2011/02/10/new-drilling-method-
opens- vast-oil-fields/ (last accessed 18 February 2012).

Frac Focus. 2012a. A Historic Perspective. http://fracfocus.org/hydraulic-fracturing-
how-it-works/history-hydraulic-fracturing (last accessed 13 March 2012).



Frac Focus. 2012b. Hydraulic Fracturing: The Process. http://fracfocus.org/hydraulic-
fracturing-how-it-works/hydraulic-fracturing-process (last accessed 13 March
2012).

Frac Focus. 2012c. Site Set Up. http://fracfocus.org/hydraulic-fracturing-how-it-
works/site-setup (last accessed 13 March 2012).

Geology.com. 2012a. Shale. http://geology.com/rocks/shale.shtml (last accessed 13
March 2012).

Geology.com. 2012b. Texas Lakes, Rivers, and Water Resources.
http://geology.com/lakes-rivers-water/texas.shtml (last accessed 2 February
2012).

Groat, Charles G., and Thomas A. Grimshaw. 2012. Fact Based Regulation for
Environmental Protection in Shale Gas Development.
http://energy.utexas.edu/index.php?ltemid=160&id=151&option=com_content
&view=article (last accessed 8 March 2012).

Hendrickson Jr., Kenneth E. 2012. BRAZOS RIVER.
http://www.tshaonline.org/handbook/online/articles/rnb07 (last accessed 23
April 2012).

Holzman, David C. 2011. Methane Found in Well Water Near Fracking Sites.
Environment Health Perspectives 119: a289.

Howarth, Robert T., Renee Santoro, and Anthony Ingraffea. 2011. Methane and the
greenhouse-gas footprint of natural gas shale formations. Climate Change 106:
679-690.

Independent Petroleum Association of America (IPAA). 2012. Guidance Document:
Reasonable and Prudent Practices for Stabilization (RAPPS) of Oil and Gas
Construction Sites.
http://fracfocus.org/sites/default/files/publications/rapps_guidance.pdf (last
accessed 19 April 2012).

Kurth, Thomas E., Michael J. Mazzone, Mary S. Mendoza, and Chris S. Kulander.
2011. American Law and Jurisprudence on Fracing .
http://www.haynesboone.com/files/Publication/3477accb-8147-4dfc-b0b4-
380441178123/Presentation/PublicationAttachment/195a3398-5f02-4905-b76d-
3858a6959343/American_Law_Jurisprudence_Fracing.pdf (last accessed 23
April 2012).



Kusumastuti, Dyah 1., Murugesu Sivapalan, lain Struthers, and David A. Reynolds.
2008. Thresholds in  the storm response of a lake chain system and the
occurrence and magnitude of lake overflows: Implications for flood frequency.
Advances in Water Resources 3: 1651-1661.

LaFrance, David. 2011. Nothing Should Trump a Clean Water Future. American Water
Works Association 103: 6.

Lamelas, M. T., O. Marinoni, A. Hoppe, and la Riva De. 2008. Suitability analysis for
sand and gravel extraction site location in the context of a sustainable
development in the surroundings of zaragoza (spain). Environmental Geology 55:
1673-86.

Lustgarten, Abrahm. 2011. Opponents to Fracking Disclosure Take Big Money From
Energy Industry. ProPublica 18 January.
http://lwww.newwest.net/topic/article/opponents_to_fracking_disclosure_take bi
g_money_from_industry/C618/L618/ (last accessed 18 February 2012).

Madelon, L., and Adam Law. 2011. The Rush to Drill for Natural Gas: A Public Health
Cautionary Tale. American Journal of Public Health 101: 5

Mertler, Craig, and Rachel VVannatta. 2010. Advanced and Multivariate Statistical
Methods. Glendale, California: Pyrczak Publishing.

Metz, Leon C. 2012. RIO GRANDE.
http://www.tshaonline.org/handbook/online/articles/rnr05 (last accessed 23
April 2012).

Michaels, Craig, James L. Simpson, and William Wegner. 2010. Fractured
Communities: Case Studies of the Environmental Impacts of Industrial Gas
Drilling. New York: Riverkeeper.

Mylott, Richard. 2011. EPA release draft finding of Pavillion, Wyoming Ground Water
Investigation for Public Comment and Independent Scientific Review.
Environmental Protection Agency.
http://yosemite.epa.gov/opa/admpress.nsf/0/EF35BD26 A80D6CE38525796000
65C94E (last accessed 11 March 2012).

Nas, Bilgehan, Tayfun Cay, Fatih Iscan, and Ali Berktay. 2010. Selection of MSW
landfill site for konya, turkey using GIS and multi-criteria evaluation.
Environmental Monitoring & Assessment 160: 491-500.

Natural Resources Defense Council. 2012. Reference/Links: Environmental Laws and
Treaties. http://www.nrdc.org/reference/laws.asp. (last accessed 17 March
2012).



New York State Water Resources Institute. 2010. Waste Management of Cuttings,
Drilling Fluids, Hydrofrack Water and Produced Water.
http://wri.eas.cornell.edu/gas_wells_waste.html (last accessed 12 March 2012).

Ohl, Cornelia, Kinga Krauze, and Clemens Griinbuihel. 2007. Towards an understanding
of long-term ecosystem dynamics by merging socio-economic and environmental
research: Criteria for long-term socio-ecological research sites selection.
Ecological Economics 63: 383-91.

Osborn, Stephen G., Avner Vengosh, Nathaniel R. Warner, and Robert B. Jackson.
2011. Methane contamination of drinking water accompanying gas-well drilling
and hydraulic fracturing.
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3100993/ (last accessed 21
February 2012).

Rahm, Brian G., and Susan J. Riha. 2012. Toward strategic management of shale gas
development: Regional collective impacts on water resources. Environmental
Science and Policy 17:12-23.

Rahm, Dianne. 2011. Regulating hydraulic fracturing in shale gas plays: The case of
Texas. Energy Policy 39:2974- 2981.

Railroad Commission of Texas (RRC). 2011a. Crude Oil, Gas Well Liquids, or
Associated Products (H-8) Loss Reports.
http://www.rrc.state.tx.us/environmental/spills/h8s/index.php (last accessed 17
November 2011).

Railroad Commission of Texas (RRC). 2011b. Eagle Ford Information.
http://www.rrc.state.tx.us/eagleford/index.php#general (last accessed 26
November 2011).

Railroad Commission of Texas (RRC). 2012. Digital Map Data.
http://www.rrc.state.tx.us/data/datasets/DigitalMapData.php (last accessed 8
February 2012).

Reijnders, Lucas. 2009. Fuels for the Future. Journal of Integrative Environmental
Scienc 6:4:279-294.

Restuccia, Andrew. 2011. House Dems question whether diesel ‘fracking’ is affecting
drinking water. The Hill 31 January. http://thehill.com/blogs/e2-wire/e2-
wire/141223-house-dems-say-companies-breaking-drinking-water-law-during-
natural-gas-fracking- (last accessed 3 March 2012).



River Systems Institute at Texas State University-San Marcos. 2010. In the Flow: The
Freshwater News Bulletin from the River Systems Institute.
http://www.rivers.txstate.edu/resources/news/2010.html#september (last
accessed 18 February 2012).

Rodgerson, Peter A. 2006. Statistical Methods for Geography - 4 Student’s Guide.
London: Sage Publications.

Rush, Paul V. 2010. The Threat From Hydrofracking. American Water Works
Association. 102: 9.
http://www.hazenandsawyer.com/uploads/files/The_Threat_From_Hydrofrackin
g.pdf (last accessed 10 March 2012).

Sansom, Andrew. 2008. Water in Texas. Austin, TX: University of Texas Press.

Smyrl, Vivian Elizabeth. 2012. GUADALUPE RIVER.
http://www.tshaonline.org/handbook/online/articles/rng01 (last accessed 23
April 2012).

Stephen F. Austin State University. 2011. Colombia Regional Geo-Spatial Service
Center. http://www.crgsc.org/Data/Default.aspx (last accessed 17 November
2011).

Symonds, Joel E., and Natalie N. Jefferis. 2009. Thinking Horizontally in a Vertical
World: Practical Considerations for Practitioners Advising Clients on Horizontal
Development in the Marcellus and Big Sandy Fields. Energy Miner Law
Institute 30: 417-445.

Texas A&M University. 2012. Texas Water Law. http://texaswater.tamu.edu/water-law
(last accessed 16 March 2012).

Texas Comptroller of Public Accounts (TCPA). 2008. Exhibit 33 Texas in Focus: South
Texas.
http://www.window.state.tx.us/specialrpt/tif/southtexas/exhibits/exhibit33.html
(last accessed 23 April 2012).

Texas Water Development Board (TWDB). 2012a. Carrizo-Wilcox Aquifer Summary.
http://www.twdb.state.tx.us/groundwater/aquifer/majors/carrizo-wilcox.asp (last
accessed 23 April 2012).

Texas Water Development Board (TWDB). 2011. GIS Data.
http://www.twdb.state.tx.us/mapping/gisdata.asp (last accessed 8 February
2012).



Texas Water Development Board (TWDB). 2012b. Gulf Coast Aquifer Summary.
http://www.twdb.state.tx.us/groundwater/aquifer/majors/gulf-coast.asp (last
accessed 23 April 2012).

The Endocrine Disruption Exchange (TEDX). 2009. Chemicals Used in Natural Gas
Fracturing Operations Pennsylvania. http://www.marcellus-shale.us/pdf/Frac-
Fluids-Pa.pdf (last accessed 16 March 2012).

Trotta, Daniel. 2011. Shale gas pollutes more than coal, study finds. Rueters 12 April.
http://www.reuters.com/article/2011/04/12/us-energy-shalegas-
IdUSTRE73B5Y520110412 (last accessed 17 April 2011).

U.S. Energy Information Administration (EIA). 2011. Review of Emerging Resources:
U.S. Shale Gas and Shale QOil Plays.
http://www.eia.gov/analysis/studies/usshalegas/. (last accessed 13 March 2012).

U.S. Energy Information Administration (EIA). 2012. What is shale gas and why is it
important?. http://www.eia.gov/energy_in_brief/about_shale_gas.cfm (last
accessed 13 March 2012).

U.S. Environmental Protection Agency — Office of Research and Development (EPA —
ORD). 2011. Draft Plan to study the Potential Impacts of Hydraulic Fracturing
on Drinking Water Resources. Washington, D.C.
http://water.epa.gov/type/groundwater/uic/class2/hydraulicfracturing/upload/HF
StudyPlanDraft_ SAB_020711.pdf (last accessed 20 February 2011).

U.S. Environmental Protection Agency (EPA). 2004. Evaluation of Impacts to
Underground Sources of Drinking Water by Hydraulic Fracturing of Coalbed
Methane Reservoirs; National Study Final Report. Washington, D.C.
http://www.epa.gov/ogwdw/uic/pdfs/cbmstudy_attach_uic_exec_summ.pdf (last
accessed 20 February 2011).

U.S. Environmental Protection Agency (EPA). 2011. Hydraulic Fracturing.
http://water.epa.gov/type/groundwater/uic/class2/hydraulicfracturing/wells_hydr
owhat.cfm (last accessed 24 March 2011).

U.S. Fish and Wildlife Service (USFWS). 2012. Endangered Species Permits.
http://www.fws.gov/midwest/endangered/permits/hcp/index.html (last accessed
17 March 2012).

U.S. Geological Survey. 2010. Texas Sites by Basin.
http://tx.usgs.gov/infodata/basins.html (last accessed 2 February 2012).



U.S. House of Representatives Committee on Energy and Commerce Minority
Staff (USHRCECMS). 2011. Chemicals Used in Hydraulic Fracturing.
http://democrats.energycommerce.house.gov/sites/default/files/documents/Hydr
aulic%20Fracturing%20Report%204.18.11.pdf (last accessed 23 April 2012).

Urbina, lan, and Jo Craven McGinty. 2011. Learning Too Late of the Perils in Gas Well
Leases. New York Times 1 December.
http://www.nytimes.com/2011/12/02/us/drilling-down-fighting-over-oil-and-
gas-well-leases.html?pagewanted=all (last accessed 12 March 2012).

Urbina, lan. 2011. Insiders Sound an Alarm Amid a Natural Gas Rush. New York Times
25 June. http://www.nytimes.com/2011/06/26/us/26gas.html?pagewanted=all
(last accessed 11 March 2012).

Urbina, lan. 2011b. Pressure Limits Efforts to Police Drilling for Gas. New York Times
3 March. http://www.nytimes.com/2011/03/04/us/04gas.html?pagewanted=all
(last accessed 12 March 2012).

Urbina, lan. 2011. Regulation Lax as Gas Wells’ Tainted Water Hits Rivers. New York
Times 25 February.
http://lwww.nytimes.com/2011/02/27/us/27gas.html?pagewanted=all (last
accessed 12 March 2012).

Urbina, lan. 2011. Wastewater Recycling No Cure All in Gas Process. New York Times
1 March. http://www.nytimes.com/2011/03/02/us/02gas.html?_r=1&src=mv
(last accessed 11 March 2012).

Weddle, Robert S. 2012. NUECES RIVER.
http://www.tshaonline.org/handbook/online/articles/rnn15 (last accessed 23
April 2012).

Western Organization of Resource Councils. 2009. Hydraulic Fracturing Fact Sheet.
http://www.worc.org/userfiles/file/HydraulicFracturing.pdf (last accessed 12
March 2012).

Weston, R. Timothy. 2009. Water Supply and Wastewater Challenges in Marcellus
Shale Development. Energy Miner Law Institute 15: 501-609.

Woltemade, Christopher J. 2010. Impact of Residential Soil Disturbance on Infiltration
Rate and Stormwater Runoff. American Water Resources Association 46:4:700
-711.



VITA

Cortney L Wenzel was born in Dublin, Texas, on February 22, 1989, the daughter of
Cecil and Tracy Wenzel and Brenda Wenzel. After completing her work at Hamilton
High School, Hamilton, Texas, in 2007, she entered Texas State University-San

Marcos. She received the degree Bachelor of Science from Texas State in May 2010.

In August 2010, she entered the Geography Graduate Program at Texas State.

Permanent Email Address: cortneywenzel@gmail.com

This thesis was typed by Cortney Wenzel.


mailto:cortneywenzel@gmail.com

