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ABSTRACT 
Hydraulic fracturing plays a significant role in the United States oil and natural gas development.  
Fracturing has not only improved the United States economy but strengthened its national security and 
created a positive change to the environment.  The United States has become the top producer of oil 
and natural gas, maintaining low natural gas price for U.S. consumers and stabilizing global crude oil 
prices from the world market.  Despite the gains, there are environmental and public health concerns 
from extracting these valuable natural resources.  As a result, there are federal environmental laws and 
state regulations aiming to protect the public and environment from the hydraulic fracturing process 
ensuring the United States continued success in producing oil and natural gas. 
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Introduction 
In January 2012 State of Union address, President Obama addressed a blueprint called “An America 
Built to Last.”  The blueprint highlighted a commitment to make the most of America’s energy 
resources. The objective was to diminish the United States’ dependency on overseas oil by developing 
all sources of energy in America, especially by increasing domestic oil and natural gas production 
(Truini, 2009).  To achieve this, Obama directed his Administration to ensure the safe development of 
shale gas.   

 Shale gas is natural gas that has been enclosed in shale formations, impermeable rock layers, 
located up to 13,500 ft. beneath the earth’s surface.  Shale gas deposits are different from conventional 
gas deposits as conventional gas reservoirs are located in pools of permeable rocks typically close to 
the surface (Joskow, 2013). The shale deposits are formed in various regions of the United States such 
as the Barnett and Wolfcamp shale deposits in Texas and the Marcellus shale in Pennsylvania.  In 
November 2016, the U.S. Geological Survey estimated that the Wolfcamp shale deposit contained 1.6 
billion barrels of liquefied natural gas, 20 billion barrels of oil, and 16 trillion cubic feet of natural gas, 
the largest deposit ever assessed in the U.S. (United States Geological Survey [USGS], 2016). 

 Conventional gas reservoirs develop when natural gas in porous reservoirs are trapped by an 
overlying layer of impermeable rock.  Typically, the natural gas will flow to the surface without the 
use of a pump when a well is drilled into the reservoir.  In contrast, shale gas reservoirs are formed in 
low permeable areas, which prevent the gas from migrating to a more permeable rock region.  Thus, 
shale gas requires a different method to extract the gas (Joskow, 2013).     

 Hydraulic fracturing also called fracking, is a technique that removes oil and natural gas 
trapped in shale formations previously considered too difficult or economically unviable.  Water, sand 
and chemicals are pumped into the well to unlock these valuable natural resources.  Small fractures or 
cracks are created in the rock, permitting oil and natural gas to travel into the well from the shale.   

The two major drilling techniques used in conjunction with fracking are vertical drilling and 
horizontal drilling.  First, a vertical well is excavated deep in the rock formation.  Then horizontal 
drilling is used to create more access to the trapped gas by exposing the well to more shale deposits.   
When used in conjunction with horizontal drilling, hydraulic fracturing enables the drilling of shale 
gas in large quantities (Joskow, 2013). 
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The abundance of natural gas from shale production in the U.S. resulted in inexpensive natural gas 
prices. This is beneficial to the economy, national security and environment.  Low cost natural gas 
benefits industrial, commercial and residential consumers. T is noted that the total gross domestic 
product (GDP) from the oil and gas industry has increased over the past few years. Besides, this may 
result in the U.S. gaining political independence from the Middle East as it increases domestic oil and 
gas production and become a net exporter of petroleum products. The U.S. will have better leverage 
against the Middle East and offer greater protection to its allies.   

Fuel prices tend to drive the source of fuel use to generate electricity in the U.S..  Hence, the 
low natural gas price will lead to an increase in natural gas power plants usage while reducing the use 
of coal power plants.  Also, natural gas releases half as much CO2 as coal; thus, reducing the impact on 
climate changes. 

 Hydraulic fracturing does not go without controversies.  The process for acquiring these 
natural resources resulted in some risks to the environment.  The release of volatile organic 
compounds (VOC) and greenhouse gases causes air pollution.  The huge volume of water consumed 
during the drilling and fracking process create stress on the surface and ground water supplies.  
Seismic events have been reported near hydraulic fracturing sites due to the drilling equipment 
vibration and disposal of wastewater in ponds that eventually seep it way into existing fault lines.  
Spills and faulty well construction can contaminate underground aquifers and surface water. 

 Because fracking affects the public health and the environment, there are federal, state and 
local regulations aiming to protect against these negative consequences.  Each state generally regulates 
the oil and gas industries within their borders.  Certain states proceed cautiously with the hydraulic 
fracturing by engaging in study, while others pass new rules and regulations.  The state regulations 
include well construction standards, permits requirement for fracking, erosion and sediment control 
plans, well safety plans, and wastewater disposal controls (Bligh & Wendelbo, 2013). Even though the 
federal agency does not have the sole responsibility to control the oil and gas industry, the 
Environmental Protection Agency (EPA) has a range of administration programs that could potentially 
apply to hydraulic fracturing (Bligh & Wendelbo, 2013).  

 This research paper provides a more in-depth analysis of the benefits of hydraulic fracturing to 
the US. With benefits, there are also tradeoffs for extracting these valuable resources, which this paper 
will also explore.  Finally, this paper will analyze the federal, state and local laws and regulations on 
the industry. 

Literature Review 
The U.S. had approximately two percent of the oil reserves and five percent of the natural gas reserves 
globally in 2016 (Energy Information Administration [EIA], 2017).  Based on latest statistics, the U.S. 
natural gas production will be approximately 890 billion cubic meters or more than a fifth of global 
gas produced by 2022 (International Energy Agency [IEA], 2017).In 2017, the Energy Information 
Administration’s annual energy outlook stated that the U.S. natural gas production growth is because 
of the shale gas development, which will account for almost two-thirds of the natural gas production 
by 2040 (EIA, 2017).  Fig. 1 shows the U.S. projection of natural gas production and net exporter of 
natural gas through 2040.  

These projections indicate that natural gas production will be vital to the US energy 
independence and economy. Recently, the Business Monitor International (2017) performed a SWOT 
analysis on the U.S. oil and gas industry and determined that the rapid expansion and production of 
natural gas from unconventional resources has reduced the country’s heavy reliance on energy from 
foreign markets.  The World Economic Forum (2016) concluded, “The enormous economic 
contribution of the oil and gas industry to many national economies makes its future of critical 
importance.”    

Shale gas accounts for approximately twenty-five percent of domestic production and has 
assisted in keeping natural gas prices reasonably low during the past several years (Joskow, 2013). 
Natural gas continues to grow at a low price in the U.S. from the abundant unconventional natural gas 
resources according to a study conducted by MIT (2011).  The Henry Hub average natural gas spot 
price in August 2017 was $2.90 per million British thermal units (MMBtu).  The EIA forecasts Henry 
Hub natural gas price to rise modestly, from $3.05 per MMBtu in 2017 to $3.29 per MMBtu in 2018, 
because of expected growth in exporting natural gas and domestic consumption (EIA, 2017).    
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Figure 1. U.S. net natural gas exporter (left) and breakdown of natural gas production (right). 

Source: EIA Annual Energy Outlook 2017. 

Fig. 2 shows the EIA annual outlook for 2017 which projects an increase in natural gas 
consumed by the industrial and electric power markets in the U.S..  Increase in natural gas usage is 
beneficial to the environment as well.  The MIT (2011) study revealed that the abundance of domestic 
natural gas usage in the electric generation industry played a major role in decreasing U.S. carbon 
dioxide emissions by as much as 50%, as increasing gas power generation replaced coal power 
generation.  Natural gas provides a cost-effective bridge for CO2 emission reduction.  Farquharson et 
al. (2016) compared climate change with the use of electric generation with coal versus natural gas 
operation for 20 and 100 years and concluded that using natural gas as an alternative to coal for power 
generation diminishes the climate change.   

Hydraulic fracturing brings a great deal of benefits to the U.S., but there are many risks and 
negative effects associated with extracting the shale gas.  These risks include air emission, increase 
water usage, seismic activity, and water contamination. Mason, Muehlenbachs, and Olmstead (2014) 
discussed the pollution to the environment from the shale gas wastewater flowing to rivers and streams 
and methane gas migrating to drinking water wells. In Europe, the European Parliament (2011) 
conducted a study of unconventional gas activities in North America on environmental impacts and 
identified air pollutant emission, soil and water contamination, large amounts of water consumption, 
and methane leaks into groundwater occurring during the hydraulic fracturing process. 
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Figure 2: Increase domestic natural gas from the industrial and electric power markets. 

Source: EIA Annual Energy Outlook 2017 

 Due to the potential environmental impacts, Bligh and Wendelbo (2013) discussed the needs 
for a regulatory framework at the federal and states level to deal with the rapid shale gas development.  
Bishop, Lampe, Okey, Wilber, and Arnowitt (2012) emphasized that priorities must be given to human 
health and the environment.  According to Negro (2012), the federal environment law, Safe Drinking 
Water Act, does not include fracking unless diesel fuel is used in the fracking process.  The Clean 
Water Act requires a permit to discharge any toxic chemicals into the United States’ waters, which can 
extend to the wastewater disposal from hydraulic fracturing.  Under the Clean Air Act, the EPA can 
enforce air emission standards from all sources including fracking operations.  The Resource 
Conservation and Recovery Act govern the disposal of solid waste, which hydraulic fracturing can fall 
under.  This research begins by taking a closer look at the benefits that hydraulic fracking brings to the 
U.S. 

Benefits to the United States 
The significant amount of oil and natural gas production has had a profound impact on the economy, 
resulting in increased employment opportunities and contribution to the GDP.  As the US uses more 
natural gas than coal, there will be a reduction of greenhouse gas release into the atmosphere and a 
slowdown in global warming.  Finally, fracking allows the U.S. to tap into some of the largest oil and 
gas reserves; therefore, the country will rely less on foreign countries for these fossil fuel. 

Environmental Benefits 
The abundance natural gas contributes significantly to the well-being of the environment.  Coal 
pollutes the air by introducing particulate matter, carbon monoxide, and Sulphur dioxide.  Natural gas 
burns much cleaner than coal.  Almost half of the electricity produced in the US comes from power 
plants that use coal.  US greenhouse gas emissions can further be reduced by using mostly natural gas 
to generate electricity.  The recent decline in natural gas prices has resulted in power plants switching 
to natural gas.  Fig 3 shows that the electricity generated from coal power plants has declined from 
45% in 2010 to 30% in 2016 and this trend is projected to continue whereas natural gas usage has 
surged from 24% in 2010 to 34% in 2016 (EIA, 2017). 
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Figure 3. Various U.S. electricity generation sources 

Source: EIA (2017) 
  

To combat climate change, the amount of carbon dioxide emissions must be reduced.  The 
emission of carbon dioxide from burning natural gas is half as much as burning coal (National Energy 
Technology Laboratory, 2013). The U.S. carbon dioxide emissions were reduced by 12% from 2005 to 
2012 by substituting coal with natural gas (EIA, 2016). This reduction was the largest in the world and 
happened at a time when global emissions went up by 8% (Farquharson et al., 2017).  In comparison, 
China and Europe made less progress on reducing carbon dioxide emissions since coal is still the 
predominant source of fuel because natural gas is more expensive in these countries. 
 More progress can still be made by adopting natural gas for home heating and transportation.   
In the short term, fracturing facilitates the use of natural gas to reduce greenhouse gases while 
allowing renewable energy technologies such as wind, solar and geothermal to further develop in the 
long term.   Moreover, the risk of a nuclear power plant accident such as Chernobyl, Three Mile Island 
and Fukushima can be avoided by using more natural gas power plants. 

National Security through Energy Independence 
The world’s leader in oil and natural gas exporters are located in regions that are either hostile or 
unstable to the US.  Therefore, there are geopolitical advantages to reducing the US dependencies on 
imported oil and natural gas from these nations.  Some of the top oil exporting countries are Saudi 
Arabia, Russia, Iran, Iraq, Qatar, Norway, and UAE (CIA, 2017).  Seventy percent of the world’s gas 
reserves reside in Iran, Qatar, Russia, and Saudi Arabia (CIA, 2017).  A few of these nations seek to 
undermine the US foreign policy objectives and with the oil and natural gas revenue generated will 
support their capability.  In addition, the revenue generated from the oil and gas in the hostile nations 
may fund terrorist cells that target the U.S. and its allies.  The Middle East has become more unstable 
and hostile to the US as evidenced by the 9/11 terrorist attack, the attack on the U.S. Consulate in 
Benghazi and the killing of American troops. 
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 Fortunately, the US has been reducing the volume of imported crude oil.  In 2005, the US 
imported 60% of its oil which dropped to 36% in 2013.  For the first time in 2011, the US became a 
net petroleum exporter with 890 million barrels imported and 913 million barrels exported (Dixon & 
Panico, 2013). According to the IEA, the US is projected to be 97% energy self-sufficient by 2035 
(IEA, 2014).  In addition, the US is becoming a supplier of crude and fuel to Latin America, Europe 
and Asia.  If Europe begins to buy natural gas from the US and rely less on gas from Russia, Russia 
will have less leverage over Europe and the US allies.  
 The US spends billions of dollars each year to police the sea-lanes from the Middle East such 
as the Strait of Hormuz.  However, as the US imports less oil, the spending to protect the sea-lanes for 
the US interest will eventually decrease.  The decreased spending in these areas will allow the US to 
better allocate the defense budget to other sectors where resources are needed most.  

It is an obvious advantage to become energy independent, so the US can have a better 
advantage on foreign policy in the Middle East.  In the past, the President of the US championed this 
goal and with the reserve in the US shale, this goal is attainable.  In March 2017, President Trump 
signed an executive order on supporting US energy independence to ensure the Nation geopolitical 
security (Office of the Press Secretary, 2017). 

Environmental Issues 
Despite the advantages from hydraulic fracturing, the method of extraction remains highly 
controversial due to the potential danger it causes to the public safety and environment.  There have 
been reports of air pollution, large volume of water usage, seismic events and aquifer contamination 
associated with fracking activities.   

Air Pollution 
Air pollution is an environmental risk that occurs from the drilling of shale bed, which arises in several 
ways.  Methane, which contributes to greenhouse gas emission, may be released from wells or leaky 
pipelines.  In addition, methane can cause explosions.  One of the fluid use in fracturing is benzene, a 
volatile organic compound (VOC).  When the fluid evaporates, it can be released to into the 
atmosphere (Twomey, Farias, & Harris, 2016).  VOC can increase the risk of cancer, as well as nausea, 
stroke, heart attack, asthma, and birth issue (Twomey, Farias, & Harris, 2016).  As a result, some 
states, such as Texas, monitor VOC emissions at drilling sites while other states such as Colorado 
require the use of vapor recovery systems or holding tanks to reduce VOC emissions.  The EPA new 
regulation aims at reducing VOC emissions from oil and gas industry by 25% (EPA, 2016).  The 
fracturing process involves drilling deep under the earth where naturally occurring radioactive isotopes 
are located.  The drilling process can potentially bring these radioactive isotopes to the surface.  Any 
amount of radiation expose can increase the risk of cancer.  Finally, the drilling equipment and 
vehicles such as trucks and bulldozer used at the drilling site emit large amounts of air pollution.   

Water Usage 
Fracturing requires a large amount of water, which can be drawn from rivers, ponds, lakes, or aquifers.  
Each well uses between 2 to 7 million gallons that are injected into the well (Entrekin, Evans-White, 
Johnson, & Hagenbuch, 2011).  A well pad contains several wells that further compound water usage.  
The EPA assesses that fracturing will require an equivalent water usage as high as five million people 
when 35,000 wells are fracked per year (Bligh & Wendelbo, 2013).  Depending on the local water 
supply inventory, the significant amount of water usage can affect the water supply where the wells are 
drilled.  Shale gas drilling water usage is not different from other economic activities.  For example, in 
Texas, irrigation uses 56% of the state’s annual water consumption, municipal use is 26%, and shale 
gas use is less than 1% (Wicot, 2012).  Livestock uses more water than shale gas drilling in all states.  
In addition, shale gas drilling uses less water per unit of energy than other forms of energy and is 
equivalent to coal (Wicot, 2012). 
 In some areas, about 20-40 percent of the injected fluid volume flow back to the surface is 
captured and reused (Bishop, Lampe, Okey, Wilber, & Arnowitt, 2012).  The benefit of recycling this 
water is not only decrease the volume of water required for fracturing but reduces the inventory of 
fracturing waste that needs to be disposed.  

Earthquakes and Tremors 
Minor earthquakes and tremors have been reported in cities where fracturing activities occur.  The 
vibration from drilling as well as waste water injection have been connected to earthquakes (Twomey, 
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Farias, & Harris, 2016).  The National Research Council determines that hydraulic fracturing does not 
necessary correlate to seismic events. 

The disposal of fracking fluid into the wastewater ponds have been link to earthquakes.  The 
injected fluid “greases” the fault for a long period of time.  A series of earthquake in Denver were 
linked to the wastewater disposal in the 1960s (Ehrenberg, 2012). 

  
Water Contamination 
Fracturing can lead to the risk of contaminating surface and underground water.  During and after 
fracturing, the fractured fluid may seep from the shale seam into groundwater and aquifers.  Fracturing 
fluid consists of 99.5% water and sand and 0.5% toxic chemicals (Fischetti, 2010).  Advances in 
technology may help reduce the amount of lethal chemical use in shale oil and gas drilling, but leaks 
and spills can still occur during the drilling process.   
 The fracturing process develops cracks in underground shale formations so that gas and oil can 
migrate through. However, the risk is remote according to geologist since fracturing in shale deposits 
occur between 6,000 to 10,000 feet, whereas the water table typically locates at 600 to 1,000 feet 
below the earth’s surface (MIT, 2011).  
 Finally, there is a risk of blowout, an uncontrolled release of gas or fluid gushing out of the 
well due to unexpected level of pressure. Between 2012 and 2013, 897 water contamination problems 
were found (Towmey, Farias, & Harris, 2016) 

Laws and Regulations  
Due to the environmental concern and human safety implication, federal and state agencies share the 
responsibility for regulating the oil and gas industry from hydraulic fracturing.  Greater oversights at 
the federal and state level ensure the U.S. will reap the benefits from acquiring the abundance natural 
resources without harmful effects on the public health and environment. 

Federal Regulation 
There is not a complete federal regulatory for fracturing.  Hydraulic fracturing regulation has 
traditionally been handled at the state function.  However, environmental regulation is governed by the 
EPA.  The Clean Water Act and Clean Air Act require permits and compliance with federal standards 
for air and water emission.  The Resource Conservation and Recovery Act governs major hazardous 
waste.  The Safe Drinking Water Act establishes federal drinking water protection standards, which 
fracturing operations are exempt.  In addition, there is no federal law that requires the disclosure of 
chemical composition of fracturing fluid to the EPA.  Thus, the fact that fracking operations enjoy 
certain exemptions from some of these federal requirements has intensified fears surrounding those 
operations (Bligh & Wendelbo, 2013). 
  
State Regulation  
Since there are not any complete federal regulations for hydraulic fracturing and laws to address the 
public concerns over fracturing activities, the state and local governments have assumed the primary 
role in governing these processes.  To enforce the rules, state regulations carry competing interest.  On 
one end, lawmakers want to ensure the safety of the environment and health and well-being of its 
citizens.  On the other end, the oil and natural gas production play an important role in tax revenue and 
income for the states.  Therefore, states have approached differently to deal with these conflicting 
interests (Bligh & Wendelbo, 2013).  
 The state regulations for fracturing focused primarily on the following: 1) chemical and 
additives used in fracturing need to be disclosed, 2) water quality need to be protected and monitored, 
3) spill and leak need to be mitigated, 4) storage, treatment, disposal, and transport of waste and 
harmful waste, 5) restriction in wells location, and 6) economic impact connected with fracturing 
(Bligh & Wendelbo, 2013).  
 States with large volume of oil and natural gas deposits depend greatly on the income to pay 
for different programs such as school.  The oil and natural gas industry provide thousands of jobs, 
which generate significant amount of revenues for the states.  Not surprisingly, states such as Florida 
and Alaska do not have an existing regulations or legislations to govern hydraulic fracturing (Bligh & 
Wendelbo, 2013). 
 However, certain states have a strong legislative framework governing fracturing such as 
Pennsylvania, Texas, and West Virginia.  
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Trump’s Strong Support for Drilling 
The new administration of President Donald J. Trump is positive news for the U.S. oil and gas 
industry.  During his campaign, President Trump made numerous promise to increase the US oil and 
gas production and withdraw hindering regulations.  Former President Obama’s policies were to 
promote environmental regulation, renewable energy, and climate change (Bezdek, 2017).  President 
Trump’s policies differ from Obama.  
 In his cabinet, President Trump has selected former Texas Governor Rick Perry to head the 
Energy Department and former Exxon Mobil CEO Rex Tillerson as Secretary of States.  Rick Perry 
and Tex Tillerson are staunch supporter of unconventional gas development (Business Monitor 
International, 2017).  These appointees indicate that President Trump is committed at removing 
Obama’s energy and environmental regulation and prioritized fossil fuel development.  Since taking 
office, President Trump has signed executive order to allow the extraction of oil and natural gas off the 
U.S. Arctic and Atlantic coasts (MarketLine Industry Profile, 2017).  

Conclusion 
Hydraulic fracturing has had a profound impact on the U.S.’ economy.  Total GDP from the oil and 
natural gas industry has increased to hundreds of billion dollars over the years and the trend continues.  
The lower natural gas prices have resulted in more electricity generation to switch to natural gas as the 
source of fuel.  Increased use of gas power plants has facilitated a reduction of coal power plants.  
Reduction in coal usage has reduced carbon dioxide emission and slowed down global warming.  The 
fracking revolution has led the U.S. to turn into an exporter of petroleum products; thus, reducing the 
Nation’s energy dependence from the Middle East, while at the same time improve national security.         

Fracking does come with the cost to the environment.  However, improved technology and 
stricter regulations can mitigate the environmental risk.  The use of natural gas instead of diesel fuel on 
the drilling machineries and vehicles can help mitigate the emission problems.  New equipment can 
help minimize water usage and recycling the wastewater can further reduce the contaminated water 
disposal.  Possible solution to prevent seismic activities due to wastewater seepage through existing 
fault line includes providing wastewater pond with liner to stop the water from leaking into the 
ground. 
 As with any activities, there are legal and regulation frameworks to ensure the health and 
safety of the public and environment.  The federal government should continue to allow the states to 
regulate hydraulic fracturing activities.  The states are in a better position to understand the cost and 
benefits of fracking and its citizen needs.  Although the federal government has few fracking 
regulations, the federal government should have a minimum safety standard since problems that affect 
climate change affect the entire nation. 

It is obvious that President Trump is a strong supporter of drilling of America’s oil and natural 
gas.  President Trump rescinds former President Obama environmental regulation and climate change; 
therefore, allowing hydraulic fracturing to extract unconventional oil and natural gas resources.  
President Trump’s strong support for hydraulic fracturing will make the oil and gas industry grow 
again at the displeasure of the envornmentalists.   
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