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Executive Summary: Over the past two decades, hydraulic fracturing, commonly known as 
‘fracking’, in Colorado has increased crude oil and natural gas production exponentially. This 
growth continues to benefit the Colorado economy and employs hundreds of thousands of 
residents across the state (U.S. EIA 2020a; Hochman 2019). However, despite these economic 
benefits, studies over the past ten years demonstrate that fracking presents serious 
environmental and human health risks, particularly to those who live near wells. Hydraulically 
fractured wells can release toxic hydrocarbons into the atmosphere as well as contaminate 
land and water supplies, which puts Colorado residents living within 1 kilometer of these wells 
at an increased risk for adverse dermal and upper respiratory symptoms (Jackson et al. 2014, 
347-348; Rabinowitz et al. 2015, 25). Additionally, people living within ½ mile of a well are at 
an increased risk for developing cancer (McKenzie et al. 2012, 85). Colorado Senate Bill 19-181 
responded to this issue in 2019 by delegating regulation of fracking to local jurisdictions (SB 
19-181). However, this legislation attempts to solve a statewide issue at a local level and is 
therefore an inconsistent and insufficient response. For this reason, I urge the Colorado state 
government to reclaim the authority to regulate fracking and implement a policy to ban all 
wells within 3000 feet of residential areas and schools, effective 2 years from date of passage. 
This measure will reduce residents’ exposure to toxic chemicals and their risk of disease while 
allowing the fracking industry to continue to benefit the Colorado economy and energy sector.  

 
I. Introduction and background  
In the modern world, energy is everything. While 
renewable sources comprise 20% of the energy 
produced in the United States, most energy comes 
from non-renewable sources to include coal, natural 
gas, and nuclear power (U.S. EIA 2020c). Since fossil 
fuels are a limited resource and crucial to energy 
production, it is important to maximize the amount 
that can be extracted from the Earth. Hydraulic 
fracturing is a drilling technique that allows for the 
extraction of natural gas and oil from impermeable 
rocks that previously prevented the extraction of 
fossil fuels. The fracking process works by injecting a 
liquid consisting of water and chemical additives, 
such as lubricants and sand to prop open fractures, 
approximately 1-3 km into the earth via a vertical 
well (Bazant et al. 2014, 101010-1). The liquid is then 

channeled through horizontal boreholes using high-
power pumps at the surface. The pressure created by 
the surface pumps in the horizontal boreholes causes 
fractures to form in the impermeable rock layer, 
allowing for the extraction of trapped, previously 
inaccessible oil and natural gas (Bazant, et al. 2014, 
101010-1-101010-2). The combination of horizonal 
drilling and hydraulic fracturing technology has 
greatly increased the yield of oil and gas from the 
Earth’s subsurface (U.S. EIA 2020a, U.S. EIA 2020b). 
 
i. History 
Fracking originated in the Civil War era, when Col. 
Edward Roberts discovered that detonating 
torpedoes in artesian oil wells increased their yield 
(AOGHS 2020). In the 1940s, the use of high-pressure 
liquid blasts replaced explosives as the primary 
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means for fracturing subterranean rock (Denchak 
2019). Modern fracking began in the 1990s when 
Nick Steinsberger utilized a “slick-water frack” for the 
first time. Steinsberger’s liquid consisted of water, 
sand, and other chemicals that proved to be more 
effective in extracting fossil fuels (Gold 2018). 
 
ii. Associated hazards 
While fracking has increased fossil fuel extraction, it 
is a controversial technique in the U.S. and around the 
world due to its effects on the environment and 
human health (Davis & Fisk 2014, 6-13; Aczel et al. 
2018, 431-438; Thomas et al. 2017, 4-13). One 
primary concern is the release of greenhouse gasses 
and volatile organic compounds (VOCs) into the 
atmosphere. The presence of VOCs in the troposphere 
causes the abundance of ozone, a greenhouse gas, to 
increase. For this reason, VOCs can be considered an 
indirect greenhouse gas and thus contribute to 
climate change (Albritton et al. 2001, 44). 
Additionally, these substances are generally toxic. 
High concentrations of VOCs, such as benzene and 
toluene, were reported less than 500 feet downwind 
from well pads in an air sampling study conducted in 
Garfield County, Colorado (Jackson et al. 2014, 347-
348). Furthermore, in the oil and gas-rich Denver 
basin region, 70% of the total VOC emissions stem 
from approximately 6,000 oil and condensate storage 
tanks that contain liquid hydrocarbons produced by 
natural gas wells (Jackson et al. 2014, 348; Snyder et 
al. 2017, U.S. EIA 2013). These toxic emissions are 
detrimental to the health of nearby Colorado 
residents.  
 
The other major issue with fracking is its potential to 
contaminate groundwater. When exposed to high 
pressure, wells can release contaminated fracking 
liquids into local groundwater sources (John 2020, 3). 
Furthermore, the chemical additives that allow the 
water-based solution to be effective for fracturing 
shale are toxic and will contaminate groundwater if 
they are not filtered out (Kharaka et al. 2013, 420-
421). Wells with poor integrity due to hydraulic 
fracturing and poor cement casings also have the 
potential to leak gaseous toxins and hazardous 
chemicals into groundwater sources (Jackson et al. 
2014, 337-338). This potential leakage is hazardous 
to Colorado residents who rely on local water wells 
for drinking water.  
Finally, hydraulic fracturing requires millions of 
gallons of freshwater, straining limited water 

resources in the western U.S. (Goodwin et al. 2014, 
5993-5995). To exploit the benefits of fracking while 
mitigating the risks, evidence-based, scientifically-
sound policies are necessary. 
 
II. Analysis 
 
i. Current regulation 
Fracking regulation in Colorado is administered 
primarily by the Colorado Oil & Gas Conservation 
Commission (COGCC). Recently, Colorado Senate Bill 
19-181 rebranded the COGCC as the chief state 
agency in regulating oil and natural gas production 
with the intent of protecting public health and the 
environment. SB 19-181 also delegated more 
authority to local jurisdictions, allowing them to place 
additional regulations on the surface impacts of 
drilling (SB 19-181). Some potential restrictions that 
could be imposed by local governments include 
increased setback distances for surface drilling, more 
stringent inspection standards, higher inspection 
fees, drilling moratoriums, and an increased 
authority to withhold or delay drilling permits (Little 
& Prulhiere 2019, 120-121; Avery 2019). SB 19-181 
is controversial since Colorado oil production 
accounts for over 89,000 jobs and adds more than 
$13.5 billion to the state GDP and the law is viewed 
by some as a threat to the oil and gas sector of the 
state economy (Orlando 2019, 12, 14; Clark 2019). 
 
ii. Oil and natural gas sector growth 
In 2008, Colorado began to employ shale oil 
extraction, allowing drillers to extract oil trapped in 
shale reserves, to include Mancos Shale in the 
Piceance Basin, the second-largest deposit in the U.S. 
(Orlando 2019, 9-10; Loris & Tubb 2016). The yearly 
production of crude oil since 2005 follows an 
exponential trendline, as depicted in Fig. 1 (U.S. EIA 
2020a). Since fracking is generally used to extract 
shale oil and gas, this exponential growth can be 
attributed to the growing prevalence of fracking in 
Colorado (Rosa et al. 2018, 745). If the current 
growth trend continues, Colorado will produce 
approximately 316,000 barrels of oil in 2022, a 66% 
increase from 2019 (U.S. EIA 2020a). Therefore, any 
substantial restriction on fracking would inhibit oil 
production and adversely affect employment and 
energy production revenue. Additionally, restrictions 
on fracking could prevent natural gas production, 
which has grown steadily over the past 15 years and 
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accounts for over 120,000 jobs and $17 billion in 
Colorado (Hochman 2019). 
 

 
Figure. 1. Crude oil production in Colorado since 2005. The 
trendline depicts exponential growth in the number of 
barrels of crude oil produced during the corresponding 
year in Colorado. This growth is likely due to the 
development of shale oil extraction in 2008 (U.S. EIA 
2020). 

 
ii. Human health risks 
Despite the potential detrimental economic 
consequences of limiting fracking, increased 
regulation may be warranted due to the harmful 
effects it can have on the environment and the health 
of people that live near wells. According to a 2015 
study, people living less than 1 kilometer, or 
approximately 3000 feet, from a fracking well are 
four times as likely to show adverse dermal 
symptoms, such as rashes and dermatitis, and three 
times as likely to show adverse upper respiratory 
symptoms than those living more than 2 kilometers 
from a well (Rabinowitz et al. 2015, 25). 
Furthermore, people living within ½ a mile of a well 
are 66% more likely to be diagnosed with cancer due 
to the increased concentration of harmful 
hydrocarbons released into the atmosphere by 
fracking wells (McKenzie et al. 2012, 85). This is likely 
because 75% of the chemicals identified in natural 
gas operations can affect the skin and respiratory 
system and 25% are carcinogens (Colborn et al. 2011, 
1039, 1046). In addition to negative health 
implications, fracking has also been shown to cause 
an increased crime rate in communities surrounding 
wells, likely associated with a rise in young male 
laborers (Bartik et al. 2019, 134). For these reasons, 
policymakers must weigh the consequences to 
human health and the environment against the 
economic benefits of fracking. 
 
 

III. Courses of action 
It is important to note that all three presented options 
would replace Colorado SB 181-19, returning 
jurisdiction over fracking to the state government. 
 
i. Option 1: Ban hydraulic fracturing in Colorado 
The first course of action to address fracking in 
Colorado is a statewide ban and mandated plugging 
of all wells due to the potential health and 
environmental risks. This option has several benefits. 
First, it eliminates the human health risks associated 
with fracking. Over 255,000 Colorado residents live 
within 3000 feet of a fracking well and are thus at an 
increased risk for health issues (Czolowski et al. 
2017, Table S3). By banning fracking, residents would 
no longer be subject to harmful pollutants or the 
increased crime rate in their communities correlated 
with the presence of fracking wells (Bartik et al. 2019, 
134). Moreover, the plugging of all wells would 
greatly reduce methane emissions in Colorado 
(Marcacci 2018).  
 
One enormous cost associated with this option is the 
loss of fracking employment, which would put 
hundreds of thousands of Colorado residents out of 
work and therefore negatively impact the economic 
well-being of their communities. Colorado produces 
over two times as much energy as consumed 
annually, 91% of which comes from oil and natural 
gas (U.S. EIA 2020b). As fracking is the main source of 
these natural resources, banning the technology 
would prevent Colorado from being energy 
independent and force the state to import natural 
resources to meet their energy needs. Mitigating 
these effects would require a massive investment in 
alternative energy sources. 
 
ii. Option 2: Increase crack density of hydraulically 
fractured wells 
The second option is a law to mandate that drillers 
increase the density of cracks within hydraulically 
fractured wells while decreasing the size of the 
cracks. Creating a “densely fractured volume with 
many narrow cracks” as opposed to fewer wide 
cracks reduces the contaminated water flowback 
(Bazant et al. 2014, 101010-9). This course of action 
would reduce the amount of contaminated water 
flowback resulting from hydraulic fracturing while 
also decreasing the likelihood that contaminated 
water and hazardous gases would reach groundwater 
sources via subsurface cracks. One cost of this option 
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is the need to restructure fracking wells. Without 
government aid, this cost would fall on fracking 
companies, thus inhibiting their growth. This option 
could also be detrimental to the environment as it 
would require the use of more contaminated water to 
refracture existing wells. Finally, this option does 
little to address gas emissions and their effects on the 
health of nearby residents. 
 
iii. Option 3: Increase surface setback distance 
requirement for hydraulically fractured wells 
The third option is a law mandating that all fracking 
wells be set back at least 3000 feet from residential 
areas and schools, effective 2 years from passage of 
the legislation. Additionally, this option would enact 
an immediate ban on wells within 1000 feet of 
residential areas and schools and mandate that all 
abandoned wells be plugged. Like the first proposed 
action, this option reduces the risk of health problems 
due to fracking for over 255,000 Colorado residents 
(Czolowski et al. 2017, Table S3). However, this law 
would not dismantle the fracking industry. Instead, it 
would allow drillers to construct new wells away 
from residential areas while allotting 2 years for 
existing close-proximity wells between 1000 and 
3000 feet from residential areas and schools to 
continue operation before being shut down. 
Therefore, local economies could continue to take 
advantage of the economic benefits of fracking, 
enabling Colorado to maintain a large degree of 
energy independence.  
 
Additionally, the 2,556 active wells within 1000 feet 
of schools and residential areas make up less than 7% 
of Colorado hydraulically fractured wells and ceasing 
their operation would result in only a 1% subsurface 
resource loss (Finley 2019, FracTracker 2020, 
Ericson et al. 2019, 6-7). Given that these close-
proximity wells pose the greatest risk to human 
health, the immediate ban on them would be worth 
the minimal resource loss. The main cost associated 
with this law is the large proportion of the subsurface 
that would become inaccessible, thus limiting 
producers’ ability to extract oil and gas (Ericson et al. 
2019). However, by increasing the subsurface 
horizontal drilling distance of wells to three miles, the 
estimated resource loss is only 25% (Ericson et al. 
2019, Appendix Figure S3). This resource loss could 
be further mitigated by increasing the horizontal 
drilling distance beyond three miles as there is no 
current regulatory limit on subsurface drilling. The 

subsurface extension of wells is a viable option that 
has the potential to yield oil and natural gas safely as 
some horizontal boreholes are several kilometers 
long (Bazant 2014, 101010-1). Nevertheless, after the 
2-year transition period expires, oil and gas 
production could decrease and cause the Colorado 
economy to shrink. 
 
IV. Policy recommendation 
The most advantageous solution to the issue of 
fracking in Colorado is a policy that would reclaim the 
Colorado state government’s jurisdiction over 
fracking and implement a ban on all fracking within 
3000 feet of schools and residential areas, fully 
effective 2 years after its passage. The law would also 
prohibit wells within 1000 feet of residential areas 
and schools, effective immediately and ensure that all 
abandoned wells are plugged. This policy is beneficial 
for several reasons. First, and most importantly, it 
addresses the human health risks posed by fracking. 
For people living more than 3000 feet from a fracking 
well, there is no statistically significant relationship 
between well proximity and an increase in dermal, 
respiratory, cardiac, gastrointestinal, or neurological 
symptoms (Rabinowitz et al. 2015, 25). Therefore, by 
mandating a well setback distance of 3000 feet from 
schools and residential areas, 255,000 Colorado 
residents would be at a lower risk for various health 
conditions. Furthermore, it would mitigate this risk 
while appealing to those who oppose increased 
fracking regulation and without sacrificing the 
economic benefits.  
 
Banning wells within 1000 feet of residential areas 
and schools immediately is an acceptable loss as the 
ban would protect those at highest risk of inhaling 
toxic hydrocarbons. The policy would also alleviate a 
potentially significant disruption to the oil and 
natural gas industries resulting from a sudden ban on 
all wells within 3000 feet of residential areas. Instead, 
it will allow companies 2 years to increase the 
subsurface horizontal drilling distance in their wells 
to compensate for the resources lost from their close-
proximity wells. Finally, this policy would likely gain 
a substantial level of public support, as a 2020 survey 
showed that 70% of Colorado residents believe that 
the effect of drilling on local land, air, and water is at 
least a “somewhat serious” problem (Colorado 
College 2020). 
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V. Conclusion 
Fracking and the extent to which the technology is 
regulated presents a complex issue in Colorado. The 
energy industry is an important part of Colorado’s 
economic welfare, and arguable ‘overregulation’ of 
fracking would be detrimental to economic growth. 
In 2019, oil and gas production in Colorado 
contributed over $30 billion to the state GDP and 
accounted for over 200,000 jobs (Hochman 2019). As 
depicted in Fig. 2, the onset of the 2020 COVID-19 
pandemic caused crude oil prices to plummet. This 
sudden decrease, however, is likely only a temporary 
roadblock for the Colorado oil and natural gas 
industry, which is projected to rebound in the next 1-
2 years and thrive for decades to come (Collins 2020).  
 
While the increase in oil and natural gas production 
due to fracking benefits workers and the Colorado 
economy, the health risks that it poses are 
detrimental to hundreds of thousands of Colorado 
residents. Recent studies have determined that 
people living within 3000 feet of a hydraulically 
fractured well are at a much higher risk for adverse 
dermal and upper respiratory symptoms 
(Rabinowitz et al. 2015, 25). Living in proximity to 

wells has also been linked to an increased risk of 
cancer (McKenzie et al. 2012, 85). For these reasons, 
the Colorado state government should move swiftly 
to reclaim its authority to regulate fracking and 
implement a ban on fracking wells within 3000 feet 
of residential areas and schools. This policy will allow 
the oil and natural gas industry to continue to prosper 
while protecting the health and welfare of all 
Colorado citizens. 
 

 
Figure 2. West Texas Intermediate (WTI) crude oil price 
since 2018. The price declined sharply following the onset 
of the COVID-19 pandemic but has since begun to recover 
as the demand for crude oil continues to increase with the 
opening of the worldwide economy (U.S. EIA 2021).
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