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• July 25, 2013 – A University of Texas at Arlington study of drinking water found

elevated levels of arsenic and other heavy metals in some samples from private drinking

water wells located within five kilometers of active natural gas wells in the Barnett

Shale.
885

• July 3, 2013 – ProPublica reported that the EPA was wrong to have halted its

investigation of water contamination in Wyoming, Texas and Pennsylvania—where high

levels of benzene, methane, arsenic, oil, methane, copper, vanadium, and other chemicals

associated with fracking operations have been documented.
886
Although numerous

organizations and health professionals around the country have since called on the agency

to resume its investigation, no action was taken.

• June 6, 2013 – Reviewing hundreds of regulatory and legal filings, Bloomberg News

reported that drillers have offered out-of-court cash settlements and property buyouts to

homeowners who claim that fracking ruined their water. These agreements typically

come with gag orders and sealed records. This strategy, the investigation noted, allows

the industry to continue claiming that no cases of water contamination due to fracking

have ever been confirmed, impedes public health research, and shields data from

regulators, policy makers, and the new media.
887
The EPA also long ago noted how non-

disclosure agreements between oil and gas operators and landowners challenge scientific

progress and keep examples of drilling harm secret from the public. In a 1987 report, the

EPA wrote, “In some cases, even the records of well-publicized damage incidents are

almost entirely unavailable for review. In addition to concealing the nature and size of

any settlement entered into between the parties, impoundment curtails access to scientific

and administrative documentation of the incident.”
888

• June 3, 2013 – A study by Duke University researchers linked fracking with elevated

levels of methane, ethane, and propane in nearby groundwater.
889
Published in

Proceedings of the National Academy of Sciences, the study included results from 141

northeastern Pennsylvania water wells. Methane levels were, on average, six times higher
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in drinking water wells closer to drilling sites when compared with those farther away,

while ethane was 23 times higher.
890

• May 19, 2013 – In Pennsylvania, the Scranton Times-Tribune released details of an

investigation that revealed at least 161 cases of water contamination from fracking

between 2008 and the fall of 2012, according to state Department of Environmental

Protection records.
891

• April 2013 – Researchers analyzing publicly available Colorado data found 77 surface

spills impacting groundwater in Weld County alone. Samples of these spills often

exceeded drinking water maximum contaminant levels (MCLs) for benzene, toluene,

ethylbenzene and xylene; for benzene, a known carcinogen, 90 percent of the samples

exceeded the legal limit.
892

• March 4, 2013 – Researchers at the University of Pittsburgh Graduate School of Public

Health analyzed samples of gas drilling wastewater discharged to surface water through

wastewater treatment plants. Barium, strontium, bromides, chlorides, and benzene all

exceeded levels known to cause human health impacts.
893

• December 8, 2012 – State data in Colorado showed more than 350 instances of

groundwater contamination resulting from more than 2,000 spills from oil and gas

operations over the past five years. Further, as the Denver Post reported, “Contamination

of groundwater—along with air emissions, truck traffic and changed landscapes—has

spurred public concerns about drilling along Colorado’s Front Range.”
894

• May 4, 2012 – A report for the Canadian Government, released under the Access to

Information Act, reviewed the process, the regulatory framework globally, and the

potential health hazards related to shale gas extraction. Additionally, the report evaluated

mechanisms for potential impacts and summarized the data knowledge and data gaps.

Regarding water contamination, the report determined, “Although quantitative data are

lacking, the qualitative data available indicate that potential contamination of water

related to the shale gas industry may present hazard to the public health, especially for

local population.” Regarding air contamination: “air emissions related to the shale gas
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industry present health hazards since the air pollutants originating from the vehicles and

engines fueled by diesel are toxic to the respiratory and cardiovascular systems and can

cause premature mortality, volatile organic compounds have been associated to

neurotoxicity and some of these compounds (e.g. benzene) as well as NORMs are known

or possible human carcinogens.” The report concluded, “Any step of shale gas

exploration/exploitation may represent a potential source of drinking water and air

contamination; Hydraulic fracturing and wastewater disposal were identified as the main

potential sources of risk.”
895

• May 2012 – A report by researchers at Natural Resources Defense Council and Carnegie

Mellon University found that the options available for dealing with fracking wastewater

are inadequate to protect public health and the environment, resulting in increasing

quantities of toxic wastewater as an ongoing problem without a good solution.
896

• January 11, 2012 – The USGS reported that the Marcellus Shale is already highly

fractured and that numerous fissures naturally occurring within the formation could

potentially provide pathways for contaminants to migrate vertically into water

supplies.
897

• October 25, 2011 – After receiving new information from two companies, members of

Congress updated their findings to show that between 2005 and 2009, oil and gas service

companies injected 32.7 million gallons of diesel fuel or hydraulic fracturing fluids

containing diesel fuel in wells in 20 states.
898

• October 17, 2011 – Thomas P. Jacobus, General Manager of the U.S. Army Corps of

Engineers’ Washington Aqueduct, called for a prohibition on horizontal hydraulic

fracturing in the George Washington National Forest because of concern that fracking

poses risks to drinking water. The Washington Aqueduct—which provides drinking

water to Washington, DC, Arlington County, Virginia, and Falls Church, Virginia—is

supplied by the Potomac River, which has its headwaters in the George Washington

National Forest that sits atop the Marcellus Shale. Jacobus said, “Enough study on the

895
Séverine Louis, “Potential Health Hazards from Shale Gas Exploration and Exploitation” (Presented to Health

Canada by SANEXEN Environmental Services; Document released under the (Canadian) Access to Information

Act, May 4, 2012), https://www.ernstversusencana.ca/wp-content/uploads/2012-Health-Canada-Potential-Health-

Hazards-from-Shale-Gas-Drinking-water-Ambient-Air-released-under-FOIP.pdf.
896
Rebecca Hammer and Jeanne VanBriesen, “In Fracking’s Wake: New Rules Are Needed to Protect Our Health

and Environment from Contaminated Wastewater” (Natural Resources Defense Council, May 2012),

http://www.nrdc.org/energy/files/fracking-wastewater-fullreport.pdf.
897
U.S. Geological Survey, New York Water Science Center, “Comments on the Revised Draft Supplemental

Generic Environmental Impact Statement,” January 11, 2012,

http://www.ewg.org/sites/default/files/report/ReviseddraftSGEIS_USGScomments_Version3_0.pdf.
898
Henry A. Waxman, Edward J. Markey, and Diana DeGette, “The Honorable Lisa Jackson, Administrator, U.S.

Environmental Protection Agency,” Letter, October 25, 2011,

https://www7.nau.edu/itep/main/iteps/ORCA/3934_ORCA.pdf.



204

technique [hydraulic fracturing] has been published to give us great cause for concern

about the potential for degradation of the quality of our raw water supply….”
899

• October 11, 2011 – Charles M. Murray, General Manager of Fairfax Water, called for a

prohibition on horizontal hydraulic fracturing in the George Washington National Forest.

“Natural gas development activities have the potential to impact the quantity and quality

of Fairfax Water’s source water,” Murray wrote. “Downstream water users and

consumers will bear the economic burden if drinking water sources are contaminated or

the quality of our source water supply is degraded.”
900
Fairfax Water provides drinking

water for Fairfax County in Virginia.

• September 7, 2011 – In its draft Supplemental Generic Environmental Impact Statement

(SGEIS), the New York State Department of Environmental Conservation (NYS DEC)

acknowledged that “there is questionable available capacity”
901
for New York’s public

sewage treatment plants to accept drilling wastewater, yet the agency said that it would

allow those facilities to accept such waste if the plants meet permitting conditions.
902
The

NYS DEC proposed underground injection as one alternative to sewage treatment

procession of fracking waste. Although it is a common method of disposal for fracking

wastewater,
903
the last significant government study of pollution risks from oil and gas

wastewater injection wells occurred in 1989 and found multiple cases of costly

groundwater contamination.
904
In subsequent years, studies have continued to link

underground injection of drilling wastewater to pollution as well as earthquakes.
905

• September 2011 – A team led by Theo Colburn of the Endocrine Disruptor Exchange

found that 25 percent of chemicals known to be used in fracking fluids are implicated in

cancer, 37 percent could disrupt the endocrine system, and 40-50 percent could cause
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nervous, immune and cardiovascular system problems. The research team also found that

more than 75 percent could affect the skin, eyes, and respiratory system, resulting in

various problems such as skin and eye irritation or flu-like symptoms.
906

• August 3, 2011 – As reported by the New York Times, the EPA had alerted Congress in

1987 about a case of water contamination caused by fracking. Its report documented that

a shale gas well hydraulically fractured at a depth of more than 4,200 feet contaminated a

water supply only 400 feet from the surface.
907, 908, 909

• May 18, 2011 – The state of Pennsylvania fined Chesapeake Energy Corporation

$900,000 for an incident in which improper cementing and casing in one of the

company’s gas wells allowed methane to migrate underground and contaminate 16

private drinking water wells in Bradford County.
910

• May 17, 2011 – A Duke University study documented “systematic evidence for methane

contamination of drinking water associated with shale gas extraction.”
911
The study

showed that methane levels were 17 times higher in water wells near drilling sites than in

water wells in areas without active drilling.
912

• April 22, 2011 – Describing one of many blowouts, the Associated Press reported on a

shale gas well in Canton, Pennsylvania that spewed thousands of gallons of chemical-

laced water on farmland and into a stream for two consecutive days before being brought

under control.
913

• April 18, 2011 – As part of a year-long investigation into hydraulic fracturing and its

potential impact on water quality, U.S. Representatives Henry Waxman (D-Calif.),

Edward Markey (D-Mass.) and Diana DeGette (D-Colo.) released the second of two

reports issued in 2011. Their analysis of hydraulic fracturing fluids used by the 14
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leading oil and natural gas service companies between 2005 and 2009 found, among

other things, that the companies used more than 650 different products that contained

chemicals that are known or possible human carcinogens, regulated under the Safe

Drinking Water Act, or listed as hazardous air pollutants under the Clean Air Act. The

report also showed that “between 2005 and 2009, the companies used 94 million gallons

of 279 products that contained at least one chemical or component that the manufacturers

deemed proprietary or a trade secret … in most cases the companies stated that they did

not have access to proprietary information about products they purchased ‘off the shelf’

from chemical suppliers. In these cases, the companies are injecting fluids containing

chemicals that they themselves cannot identify.”
914
These findings were reported in the

New York Times.
915

• January 2011 – A team of scientists led by a University of Central Arkansas researcher

called attention to the threat posed to surface waters by rapidly expanding shale gas

development, noting a lack of data collection accompanying the rush to drill. “Gas wells

are often close to surface waters that could be impacted by elevated sediment runoff from

pipelines and roads, alteration of stream flow as a result of water extraction, and

contamination from introduced chemicals or the resulting wastewater.”
916

• January 31, 2011 – As part of a year-long investigation into hydraulic fracturing and its

potential impact on water quality, U.S. Representatives Henry Waxman (D-Calif.),

Edward Markey (D-Mass.) and Diana DeGette (D-Colo.) reported that “between 2005

and 2009, oil and gas service companies injected 32.2 million gallons of diesel fuel or

hydraulic fracturing fluids containing diesel fuel in wells in 19 states.” Furthermore,

revealing apparent widespread violation of the Safe Drinking Water Act, the investigation

found that no oil and gas service companies had sought—and no state or federal

regulators had issued—permits for the use of diesel fuel in hydraulic fracturing.
917

• April 29, 2010 – In 2010, the Colorado Oil and Gas Conservation Commission fined

Occidental Petroleum Corporation (OXY) USA a record $390,000 for an incident of

pollution, discovered in 2008, when its drilling wastes leaked through an unlined pit,

contaminated two springs with benzene, and polluted other nearby water sources. In

addition, the regulators separately fined OXY USA $257,400 for a nearby case of
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pollution, also discovered in 2008, in which a torn liner in a pit caused drilling waste

fluids to leak out and contaminate two springs with benzene.
918

• June 4, 2009 – A leaking pipe carrying fracking waste in Washington County,

Pennsylvania, polluted a tributary of Cross Creek Lake, killing fish, salamanders,

crayfish, and aquatic insect life in approximately three-quarters of a mile of the stream.
919

• April 26, 2009 – Officials in three states linked water contamination and methane leaks to

gas drilling. Incidents included a case in Ohio where a house exploded after gas seeped

into its water well and multiple cases of exploding drinking water wells in Dimock,

Pennsylvania.
920

• November 13, 2008 – ProPublica reported more than 1,000 cases of drilling-related

contamination documented by courts and state and local governments in Colorado, New

Mexico, Alabama, Ohio, and Pennsylvania.
921

• September 1, 2008 – In Bainbridge, Ohio, a gas well that was improperly cemented and

subsequently fractured by Ohio Valley Energy Systems Corporation allowed natural gas

to migrate outside of the well, causing a home to explode. In addition, 23 nearby water

wells were contaminated, two of which were located more than 2,300 feet from the

drilling site.
922, 923, 924
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Inherent engineering problems that worsen with time

Studies show that many oil and gas wells leak, allowing for the migration of natural gas and

potentially other substances into groundwater and/or the atmosphere. About five percent of

wells leak immediately, 50 percent leak after 15 years, and 60 percent leak after 30 years. The

act of fracking itself can redistribute stress and open underground pathways for fluid migration,

which, in turn, can communicate with other pathways created during the fracking of

neighboring wells, by the deterioration of cement in aging well casings, or by earthquakes,

leading in all cases to the risk of groundwater contamination and atmospheric emissions. The

injection of fracking waste into subterranean rock formations can also intersect with active and

abandoned wells in ways that allow vertical migration of toxic fluids and vapors.

The problem of leaking wells, first identified by industry, has no known solution. Data from

Pennsylvania’s Department of Environmental Protection (DEP) agree, showing over nine

percent of shale gas wells drilled in the state’s northeastern counties leaking within the first five

years. Leaks pose serious risks, including potential loss of life or property from explosions and

migration of gas and other harmful chemicals into drinking water supplies. Methane leaking

into aquifers can, under some conditions, be transformed by bacteria into hydrogen sulfide and

other poisonous byproducts. Microbes from deep shale formations can likewise generate

sulfides contributing, over time, to corrosion of pipes and casings.

There is no evidence to suggest that the problem of cement and well casing impairment is

abating. Industry has no solution for rectifying the chronic problem of well casing/cement

failures and resulting leakage. Plugging old, inactive wells is an imperfect solution because, as

research shows, the cement plugs themselves degrade over time and because many wells leak

from outside the well casing.

• February 5, 2021 – Fracking wastewater gushed for four days from an unplugged oil and

gas well in southeastern Ohio (Noble County) that had been idle since 2012. The fluid is

thought to have migrated from nearby fracking waste injection wells, of which there are

at least nine in the county. Six were active at the time of the gusher.
925

• September 5, 2020 – Fracking wastewater from an underground injection well in

southeastern Ohio (Washington County) migrated to gas-producing wells five miles

away, according to the Ohio Department of Natural Resources. The fracking waste was

detected in 28 gas wells.
926

• February 1, 2020 – Researchers studied possible interconnections between wells on

adjacent and nearby pads to assess the potential for such wells to communicate through
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fracture-like pathways. Results from microseismic data, chemical and radioactive tracers,

and production interference (volume and pressure measurements) confirm

communication among wells at distances up to 1200 meters (0.75 miles) horizontally and

164 meters (0.10 miles) vertically (crossing shale boundary layers) and lasting for up to

1.7 years. The intensive well communication over long distances appeared to be due to

reactivation of natural faults or fractures, in addition to fractures propagating into pre-

existing hydraulic fractures. Since fracture height is “generally assumed as formation

thickness, neglecting the possibility of fracture growth beyond the target shale

formations,” these results challenge existing understandings of the fracturing process,

provide support for claims of contamination by fracking fluids of aquifers outside target

formations, and suggest the need for set-backs of at least 1200 meters to protect

subsurface water resources near fracking sites.
927

• November 27, 2019 – To gauge the extent of possible contamination of air and water

resources by subsurface leakage from oil and gas wells, Canadian researchers used

ArcGIS to perform cluster analysis and identify “hot spots” where high densities of oil

and gas wells (both active and abandoned) overlap with high densities of earthquake

activity in California, Oklahoma, and British Columbia. The well-documented

catastrophic leakage of gases from the Aliso Canyon Natural Gas Storage Field

corresponds to one of the identified hot spots. Of note, a comparison of known major

fault locations with earthquake clusters shows that “there are regions in each

province/state where a major fault is not mapped but an earthquake cluster exists.”
928

• April 19, 2018 – As part of a major review, a University of Aberdeen team of researchers

assessed the various underground pathways by which fracking creates methane leaks and

concluded that aging well casings are a leading cause of methane leaks from drilling and

fracking operations. While the intersection of fracture propagation with naturally present

geological faults in the subsurface is another potential route for methane leakage, the

more important route is the intersection of fracture propagation with other wells with old

cement. “The major sources of methane leakage related to shale gas activities are the

intersections of hydraulic fractures with abandoned oil and gas wells which have a

reduced mechanical well integrity due to cement degradation. As a result, the stress

redistributions caused by hydraulic fracturing and the deterioration of cement in

abandoned wells with age allow migration pathways to be created easily, leading to both

groundwater contamination and atmospheric emissions.” Plugging wells is an imperfect

solution because the cement commonly used for this process itself degrades with time,

especially in the presence of carbon dioxide. “No concrete method [has been] established

for the methane leakage mitigation from shale gas wells.”929
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• November 23, 2017 – An investigative journalist from The Tyee in Vancouver obtained a

copy of a 2013 report from British Columbia’s Oil and Gas Commission warning about

hundreds of uncontrolled methane leaks from shale gas wells located in the northern

Rocky Mountain range near Fort Nelson. The commission’s report, never shared with the

public or with elected officials, remained an internal document until it was uncovered by

the newspaper. Cornell University engineer Anthony Ingraffea, quoted in the story, said

the report’s findings served as another confirmation that wells leak badly and inevitably

over time. “What do they expect from underground operations such as these, total

obedience to design intent? Why are operators and regulators around the world seemingly

surprised when things go wrong underground, and in so many ways, and so often?”

Ingraffea said.
930, 931

• July 5, 2017 – A team of researchers led by microbiologists from Ohio State University

investigated bacteria from hydraulically fractured shale by sampling fracking wastewater

from a well drilled in the Utica shale. The dominant microorganism was a bacterium that

generates sulfides, which can contribute to corrosion of well casings. “The impact of

microbial metabolism within these environments is poorly understood. . . . These findings

emphasize the potential detrimental effects that could arise from thiosulfate-reducing

microorganisms in hydraulically fractured shales, which are undetected by current

industry-wide corrosion diagnostics.”
932

• April 1, 2017 – The rapid depletion of fracked wells requires drilling ever more wells to

keep up with production. As time goes by, wells become more densely packed into a

drilling section. Decreasing distances between wells increases the risk of inter-well

communication, which occurs when the pumping of fracking fluid into one well affects a

nearby well. According to an analysis in the Journal of Petroleum Technology, these so

called “frack hits” are unpredictable, uncontrolled, and can be violent, damaging tubing,

casings, and well integrity. In some cases, frack hits involve blowouts of fracking fluid.

The industry has no solution for this increasingly common problem.933 Indeed, as a sequel

report describes, operators use frack hits as a tool for revealing how tightly wells can be

spaced in a drilling section to maximize extraction—even while acknowledging inherent

safety risks. A drilling section with no frack hits at all is presumed to lack sufficient well

density for optimal “economic recovery.”934
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• July 9, 2015 – As part of a larger examination of the potential health and environmental

impacts of fracking in California, the California Council on Science and Technology

(CCST) documented cases of well failures triggered by underground movements that

caused well casings to shear. Sheared well casings can allow gas and fluids from the

fracking zone to migrate to overlying aquifers. The CCST team identified several

mechanisms by which casing shears can occur in California as oil wells age: surface

subsidence, heaving, reservoir compaction, and earthquakes. Prolonged drought can also

damage the integrity of well casings: as groundwater levels fall, landforms can sink and

contribute to casing shear.
935

• June 30, 2015 – According to the New York State Department of Environmental

Conservation (NYS DEC) Findings Statement, “there is a risk that well integrity can fail,

especially over time, and questions have arisen about whether high-volume hydraulic

fracturing can cause seismic changes which could potentially result in fracturing fluid

migration through abandoned wells or existing fissures and faults. Thus, high-volume

hydraulic fracturing could result in significant adverse impacts to water resources from

well construction and fracturing fluid migration.”
936

• June 4, 2015 – As part of a draft assessment of fracking’s impact on drinking water, the

U.S. Environmental Protection Agency (EPA) examined cases of water contamination

across the United States and concluded that “construction issues, sustained casing

pressure, and the presence of natural faults and fractures can work together to create

pathways for fluids to migrate toward drinking water resources.” Fracking older wells

poses additional risks, the draft study notes, because aging itself “can contribute to casing

degradation, which can be accelerated by exposure to corrosive chemicals, such as

hydrogen sulfide, carbonic acid, and brines” and because many older wells were never

designed to withstand the high pressures and stress of fracking operations. The EPA

estimates that 6 percent of the 23,000 U.S. oil and gas wells (= 1,380 wells) first fracked

in 2009 or 2010 were drilled more than ten years earlier.
937

• December 2, 2014 – Problems with structural integrity have been documented in a well at

the only hydraulically fractured site in the United Kingdom. Email messages obtained

under freedom of information laws reveal that problems with wellbore integrity emerged

in April of 2014 and attempts were made to remediate the problem, although nothing was

reported at that time to regulators. The drilling company, Cuadrilla Resources, continues

to deny that any problems exist with the well, emphasizing that “no leak of fluids”
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occurred and that “the issue” was resolved during the abandonment process. Cuadrilla

had previously been reprimanded for failing to disclose a more minor deformation in the

well casing. The well was abandoned at the end of last year, following two earthquakes in

2011, which scientists determined to have been caused by fracking at the site.
938

• August 11, 2014 – Researchers affiliated with multiple universities and with the Los

Alamos National Laboratory summarized recent field observations of wellbore-integrity

failure, concluding that, because at least some well failures are not identified, reported

barrier failure rates of 1-10 percent of wells and reported rates of groundwater

contamination of 0.01-0.1 percent of wells constitute a “lower bound” for possible

environmental problems. Citing hydraulic fracturing, as well as temperature and pressure

changes, as operations that can induce pathways for leaks, the authors point out that few

studies have considered the very-long-term fate (“>50 years”) of wellbore systems. They

include “whether unconventional resource development alters the frequency of well

integrity failures” as a critical topic for future research.
939

• July 30, 2014 – Based on records obtained from Pennsylvania’s DEP, Scranton’s Times-

Tribune reported that five natural gas wells in Bradford County have leaked methane for

years because of persistent casing and cement problems. In the most recent violation, a

PA-DEP inspector found combustible gas flowing through vents connected to the cement

between layers of pipe. The agency issued a notice of violation for each well, saying

combustible gas outside the well’s surface casing violates state regulations. Each of the

wells has four layers of steel casing, but nothing prevents leaking (stray) methane from

flowing into the atmosphere. No evidence of water contamination has yet been seen.

None of the wells have produced any gas for sale.
940

• June 30, 2014 – A study published in Proceedings of the National Academy of Sciences

by a Cornell University research team projected that over 40 percent of shale gas wells in

Northeastern Pennsylvania will leak methane into groundwater or the atmosphere over

time. Analyzing more than 75,000 state inspections of more than 41,000 oil and gas wells

in Pennsylvania since 2000, the researchers identified high occurrences of casing and

cement impairments inside and outside the wells. A comparative analysis showed that

newer, unconventional (horizontally fracked) shale gas wells were leaking at six times

the rate of conventional (vertical) wells drilled over the same time period. The leak rate

for unconventional wells drilled after 2009 was at least six percent, and rising with time.

In the state’s northeastern counties between 2000 and 2012, over nine percent of shale

gas wells drilled leaked within the first five years.
941
The study also discovered that over

8,000 oil and gas wells drilled since 2000 had not received a facility-level inspection.
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This study helps explain the results of earlier studies that documented elevated levels of

methane in drinking water aquifers located near drilling and fracking operations in

Pennsylvania and points to compromised structural integrity of well casings and cement

as a possible mechanism.

• May 22, 2014 – In a 69-page report, University of Waterloo researchers warned that

natural gas seeping from 500,000 wellbores in Canada represents “a threat to

environment and public safety” due to groundwater contamination, greenhouse gas

emissions, and explosion risks wherever methane collects in unvented buildings and

spaces. The report found that 10 percent of all active and suspended gas wells in British

Columbia now leak methane. Additionally, the report found that some hydraulically

fractured shale gas wells in that province have become “super methane emitters” that

spew as much as 2,000 kilograms of methane a year.
942, 943

• May 1, 2014 – Following a comprehensive review of evidence, the Council of Canadian

Academies identified inherent problems with well integrity as one of its top concerns

about unconventional drilling and fracking. According to one expert panel, “the greatest

threat to groundwater is gas leakage from wells from which even existing best practices

cannot assure long-term prevention.”
944
Regarding their concerns related to well integrity

and cement issues, the panel wrote:

Two issues of particular concern to panel members are water resources, especially

groundwater, and GHG emissions. Both related to well integrity…. Natural gas

leakage from improperly formed, damaged, or deteriorated cement seals is a long-

recognized yet unresolved problem …. Leaky wells due to improperly placed

cement seals, damage from repeated fracturing treatments, or cement deterioration

over time, have the potential to create pathways for contamination of groundwater

resources and to increase GHG emissions.

They further explain:

Cement may crack, shrink, or become deformed over time, thereby reducing the

tightness of the seal around the well and allowing the fluids and gases … to

escape into the annulus between casing and rock and thus to the surface…. The

challenge of ensuring a tight cement seal [will] be greater for shale gas wells that

are subjected to repeated pulses of high pressure during the hydraulic fracturing

process than for conventional gas wells. This pressure stresses the casing and

therefore the cement that isolates the well from surrounding formations
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repeatedly.

• January 8, 2013 – According to state inspections of all 6,000 wells drilled in

Pennsylvania’s Marcellus Shale before 2013, six to ten percent of them leaked natural

gas, with the rate of leakage increasing over time. The rate was six percent in 2010 (97

well failures out of 1,609 wells drilled); 7.1 percent in 2011 (140 well failures out of

1,972 wells drilled); and 8.9 percent in 2012 (120 well failures out of 1,346 wells

drilled).
945
These data include wells that were cited for leakage violations, and wells that

were noted to be leaking by inspectors but which had not been given violations. The NYS

DEC forecasts that 50,000 wells could be drilled over the life of the Marcellus Shale

play. If they fail at the same rate as wells in Pennsylvania, 4,000 wells would fail and

leak in New York almost immediately.
946

• March 2009 – A study published by the Society of Petroleum Engineers of more than

315,000 oil, gas, and injection wells in Alberta, Canada, found that 4.5 percent of the

wells had unintended gas flow to the surface. In one designated area, officials required

testing for gas migration outside the well casings in addition to routine testing for gas

leaks within the rings of steel casings (annuli). Within this special testing zone, 15.5

percent of wells (3,205 of 20,725) leaked gas, and the incidence of gas leaks was four

times percent higher in horizontal or deviated wells than in vertical wells.
947

• Autumn 2003 – Schlumberger, one of the world’s largest companies specializing in

hydraulic fracturing and other oilfield services, reported in its in-house publication,

Oilfield Review, that more than 40 percent of approximately 15,500 wells in the outer

continental shelf area in the Gulf of Mexico were leaking gas. These included actively

producing wells, in addition to shut-in and temporarily abandoned wells. In many cases,

the gas leaked through the spaces (annuli) between layers of steel casing that drilling

companies had injected with cement precisely to prevent such gas leaks. Leakage rates

increased dramatically with age: about five percent of the wells leaked immediately; 50

percent were leaking after 15 years; and 60 percent were leaking after about 30 years.
948

Gas leaks pose serious risks including loss of life from explosions and migration of gas

and associated contaminants into drinking water supplies. Leaks also allow the venting of

raw methane into the atmosphere where it acts as a powerful greenhouse gas.

• November 2000 – Maurice Dusseault, a specialist in rock mechanics at the University of

Waterloo in Ontario, and two co-authors presented a paper published by the Society of

Petroleum Engineers, in which they reported that oil and natural gas wells routinely leak
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gas through cracks in their cement casings, likely caused by cement shrinkage over time

and exacerbated by upward pressure from natural gas. According to their paper, in

Alberta, it is common for wells to leak natural gas into aquifers. “Because of the nature of

the mechanism, the problem is unlikely to attenuate,” they wrote, “and the concentration

of the gases in the shallow aquifers will increase with time.”
949
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Radioactive releases

Radioactive materials, including uranium, polonium, and radon, are commonly found in shale

formations. These can be released as airborne contaminants during drilling and fracking

operations, as revealed by a 2020 study that documented the presence of airborne radioactive

particles downwind from fracking sites at levels sufficient to raise health risks for nearby

residents. Radioactive materials are also often components of liquid and solid fracking waste,

including sludge and drilling cuttings. These raising exposure risks for workers and the general

public. Exemptions from federal hazardous waste laws mean that no national regulatory

framework exists for handling the disposal of radioactive materials from oil and gas extraction

activities. Instead, regulation is the responsibility of individual states, which vary widely in their

approaches.

High levels of radiation documented in fracking wastewater from many shale formations

imperil groundwater and surface water. Measurements of radium in fracking wastewater in

New York and Pennsylvania, from the particularly radioactive Marcellus Shale, have been as

high as 3,600 times the regulatory limit for drinking water, as established by the U.S.

Environmental Protection Agency (EPA). Studies have found toxic levels of radiation in

Pennsylvania waterways even after fracking wastewater was disposed of through an industrial

wastewater treatment plant. In 2020, New York State banned the practice of dumping out-of-

state fracking waste in municipal landfills. A 2021 investigation found that a fracking waste

disposal site in Texas has been importing radioactive oilfield waste from abroad.

Increasing evidence documents illegal, haphazard dumping of radioactive fracking waste, along

with its disposal in municipal landfills not engineered to contain radioactivity. Drill cuttings—

the pulverized rock pulled up during the drilling process—are a special concern as this form of

solid waste, generated in prodigious amounts, is typically disposed of in municipal landfills

lacking special protections for hazardous waste. Radioactivity in drill cuttings has been shown

to exceed, in some cases, the regulatory limits for landfills that accept fracking waste. In some

states, drill cuttings are repurposed as road-building materials.

As confirmed in a 2023 study, the scaly mineral build-up that accumulates inside fracking

equipment can also be a significant source of radiation because radium coprecipitates within

calcium carbonate and barium sulfate.

Research suggests that the chemical composition of fracking fluid itself helps to mobilize

radioactive materials in the shale.

Studies have found high levels of radon in buildings located in heavily drilled areas of both

Pennsylvania and Ohio, with levels of radon rising since the start of the fracking boom,

although not all studies show consistent results. Unsafe levels of radon and its decay products

in natural gas produced from the Marcellus Shale may also contaminate pipelines and

compressor stations, as well as pose risks to end-users when allowed to travel into homes.
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• June 1, 2023 – A study of radioactive fracking waste compared two different unpermitted

landfills—one in Kentucky and one in Oregon—that had received such waste. Geological

and hydrological characteristics varied between sites as did the type of radioactive

materials deposited: more brine in Kentucky and more solid radioactive waste at the

Oregon site. The materials accepted as waste also differed as did the used of liners and

personal protective equipment for workers. Risk assessments compared three scenarios

for current and future receptors: during disposal, a closure-in-place alternative, and an

excavation alternative. The exposure pathway for potential receptors depended on

method of removal, and included inhalation of radon or suspended particles blown offsite

during removal operations, inadvertent soil ingestion, and external exposure. In both risk

assessments, the preferred remediation alternative was to leave the materials in place as it

was far more protective of on-site workers, the public, and the environment. Further, the

authors advocated for a uniform Federal standard for disposal of naturally occurring

radioactive materials whose radionuclide concentrations have been increased by human

activity. [Note that the authors of this study were all employed by limited liability

corporations that engage in environmental risk assessments.]
950

• February 25, 2023 – In Brazil, no repositories exist for the storage of radioactive wastes

from oil and gas extraction activities. Instead, they are stored in drums at sites not

intended for radioactive materials. A radiological assessment of oil and gas industry

waste in Brazil asked whether the effective doses at these local facilities remain below

the annual limit for public exposure. Using methods developed by the Argonne National

Laboratory for the United States Department of Energy and the United States Nuclear

Regulatory Commission, the research team evaluated the radiological dose and excess

cancer risk for individuals exposed while within or outside the area of primary

contamination. Several pathways of exposure were considered, and the scenario selected

was a subsistence farm with crops and animals raised on top of the closed landfill with

residents drinking water from a well located next to the site. The results showed that one

factor mediating risk was the depth of soil covering the waste, with greater cover being

more protective. “The main exposure pathway contributing the total effective dose and

the cancer risk in all scenarios analyzed was direct radon exposure from the primary

contamination and from atmospheric release.”
951

• February 9, 2023 – Particularly high concentrations of radioactivity are found on oil and

gas extraction equipment where scaly mineral build-up accumulates, especially barium

sulfate and calcium carbonate, within which radium coprecipitates. The pathway of

exposure is via inhalation. For this study, researchers analyzed five samples of scale

collected from oil and gas equipment in southern Algeria for the presence of radioactive

isotopes (radium, thorium, and potassium) The findings indicated that gonadal doses of

radioactivity were excessive. “All mean hazard parameters are greater than the
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recommended safety limit, and the estimated dose rates show that long-term

accumulation of [radioactive] scale residues may lead to possible radiological hazards in

the future.” The authors recommend special methods during cleaning and maintenance,

such as chemically treating scale residues, storing residues in underground bunkers, and

reducing personal exposure and environmental contamination through regulatory

controls.
952

• October 3, 2022 – The Radiation Protection Bureau of Health Canada reviewed industrial

activities, outside of the nuclear industry, that involve naturally occurring radioactive

materials to clarify the variety of regulations governing different industries and

consolidate that information into one source. The report identifies oil and gas extraction,

as the industry with the largest number of exposed workers. Further, the oil and gas

sector is the industry responsible for the largest air and land releases of radioactive

materials and the second largest source of radioactive materials released to water. (Metal

ore mining was number one.)
953

• June 1, 2022 – A research team analyzed shale gas wastewater from several sites in the

Sichuan Basin in China to determine the potential for recovering and monetizing valuable

chemicals including salts, strontium, lithium, and gallium. The findings showed that

current technology does not provide an economically feasible way to extract them.

Further, while radioactivity was 95 percent removed, the radioactive residuals left behind

still exceeded drinking water standards. Noting that residual radioactivity persisted in

shale gas wastewater pretreated with sophisticated disc tube reverse osmosis, the authors

raised concerns about levels of radioactivity in wastewater not treated with reverse

osmosis.
954

• June 1, 2021 – A longstanding target of public opposition, the Keystone Sanitary

Landfill, near Scranton, Pennsylvania accepts radioactive fracking waste and is seeking

approval for a major expansion across 435 acres. An investigative report found that this

facility has contaminated groundwater, dumped illegally, and is under federal

investigation and litigation. Of particular concern are the open piles of radioactive

materials that continue to accumulate in this facility. In response, the Pennsylvania

Attorney General opened an investigation into Keystone regarding an alleged leachate

dumping incident in September 2016 with a specific focus on the “harmful effects on the
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air quality, safety, and health of the citizens of Scranton, as well as the water quality of

Meadow Brook Creek and the Lackawanna River.”
955

• April 26, 2021 – Solid waste from oil-based drilling operations contains carcinogenic

contaminants, including heavy metals and polycyclic aromatic hydrocarbons, as well as

radionuclides. A research team assessed the chemical composition and radioactive

strength in samples of this waste, in order to estimate the public health risks from

exposure to these wastes when incorporated into roadbed materials. This risk assessment

evaluated several pathways of exposure—ingestion, respiration, and via groundwater—

and found that repurposing drill cuttings for roadbed materials poses unacceptable levels

of risk.
956

• April 22, 2021 – A year-long independent investigation documented that a large West

Texas oil and disposal facility, Lotus LLC, already cited for not following its disposal

protocol, has been importing radioactive oilfield waste from abroad. Classified as non-

hazardous under the Bevill and Bentsen Amendments, oil and gas waste is often highly

radioactive. Indeed, Lotus LLC received a drum of waste from Australia, transported on a

cargo jet, containing levels of radium that exceeded EPA limits for Superfund sites and

uranium mills by a factor of 400. The investigation found, through aerial photos and

interviews, multiple instances of radioactive material stockpiled in “damaged, rusted, and

degraded tanks or barrels stored directly on an unlined surface without proper

containment to prevent leaching, runoff, and other direct risks to groundwater and surface

contamination.” Open tanks had large quantities of “filter socks” and pipe scale from

drilling sites. Both are known to be typically highly radioactive. The state’s Railroad

Commission found no violations in its most recent inspection and had no comment on the

photos or independent investigation. No specific permits are required to import

radioactive oil and gas waste.
957

• March 30, 2021 – Radon is a proven cause of lung cancer, and shale basins where

fracking occurs typically have high radon concentrations due to the decay of naturally

occurring uranium. In this study, the authors identified radon hotspots throughout the

state of Pennsylvania, looked at radon trends from 1988 through 2018, and asked whether

fracking activities—by breaking up rocks and allowing great flow of radon gas into

soil—have increased radon levels inside residential homes. They also examined how

factors such as seasonal changes in weather might influence indoor radon concentrations.

The aim was to offer mitigation measures and thereby reduce lung cancer risk. The

results showed that geology is the primary factor affecting radon levels in Pennsylvania,
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with shales, limestone, and granite all containing elevated levels of radon. Single family

homes, tested at the basement level, in Northeast Pennsylvania had the highest radon

concentrations. Higher levels were found in the winter, possibly due to less ventilation.

Homes in rural areas where most fracking occurs, showed significant variability. More

research is needed to make solid recommendations regarding mitigation.
958

• March 1, 2021 – In September 2020, Roulette Oil & Gas applied for an EPA permit to

convert one of their conventional wells in Potter County, Pennsylvania into a Class II-D

injection well to dispose of liquid waste from 110 conventional oil and gas wells in the

area and possibly three fracked wells. Only 10 Class II-D permits have ever been issued

for all of Pennsylvania. Local officials were not notified of the application, arousing

suspicion that the secrecy was intentional. An investigative news report revealed that the

permit application did not state that oil and gas waste would contain radioactive material

and that the federal permit itself, if received, would only require chemical testing every

two years and would not require testing for radioactive materials. Radiation testing would

be left to the state of Pennsylvania, which has not created such regulations for oil and gas

wastewater injection wells.”
959

• February 18, 2021 – Two workers suffered burns in an eruption and blaze fueled by oil

and gas waste materials at a truck stop cleaning station in West Virginia, prompting

community and workers to raise concern about such facilities accepting and processing

oil and gas waste, including radioactive waste, within Marcellus and Utica shale regions.

As determined by the West Virginia Department of Environmental Protection, this

particular blaze was likely ignited by a torpedo space heater when it came into contact

with oil and gas vapors wafting from the fracking flowback waste and brine waste in a

truck. Both materials were being processed by the facility at the time.
960

• December 14, 2020 – Two oil and gas industry professionals described shocking

experiences of radiation exposure to themselves and others, in an investigative report that

referred to fracking workers in Appalachia’s Marcellus Shale region as “the industry’s

black box.” The investigation, which interviewed gas and oil industry whistleblowers,

reported that workers in Ohio and Pennsylvania are exposed to radioactive materials

through various tasks which bring them into direct contact with drill cuttings from

fracking bores that have cut through radioactive shale, and with scales and sludges

formed on piping and in tank bottoms. According to a radiation control consultant

interviewed in the investigation, these materials can be, “much hotter than most stuff in

nuclear plants.” Radiation monitors are not typically found on site. One of the industry

professionals, a hazardous materials technician for several of the largest companies

958
Kyle R. Kellenbenz and Kabindra M. Shakya, “Spatial and Temporal Variations in Indoor Radon Concentrations

in Pennsylvania, USA from 1988 to 2018,” Journal of Environmental Radioactivity 233 (July 2021): 106594,

https://doi.org/10.1016/j.jenvrad.2021.106594.
959
Sam Sanson, “Stopping Radioactive Water: Officials Want to Ban Oil & Gas Injection Wells at Pennsylvania

Headwaters,” March 2021, https://publicherald.org/stopping-radioactive-water-officials-want-to-ban-oil-gas-

injection-wells-at-pennsylvania-headwaters-to-block-epa-permit/.
960
Justin Nobel, “Fire at Oil and Gas Waste Site Raises Safety Concerns Around Possible Radioactive Accidents,”

DeSmog International, February 18, 2021, https://www.desmog.com/2021/02/18/fire-oil-gas-waste-petta-dallas-

pike-safety-radioactivity/.



221

regionally, described the challenge of workers trying to control their own risk when they

did not have information on the hazard, as when he and co-workers decided to take their

own gamma scanners onto cleanup project sites. With no training from the clients who

hired them, he described a, “deliberate failure to disclose.” A second professional, who

trained as a nuclear health physicist in the U.S. Navy and started his own company to

help the industry with radiation safety, described his encounters with “incredibly unsafe”

situations for workers and their families. After finding one pipeyard with “particularly

egregious” concentrations of radium-226, his company visited the employees’ homes,

and found “incredibly hot” laundry, as well as highly contaminated, bedding, clothing,

and carpets, with two small children interacting with these materials as he took

measurements. He described industry resistance to even simple interventions that

companies could use to reduce risks to workers and their families.961

• October 13, 2020 – A Harvard team documented the presence of airborne radioactivity

downwind from fracking sites at levels sufficient to raise health risks for nearby

residents. Using data collected from 157 radiation-monitoring stations built across the

nation during the Cold War, the researchers showed a seven percent increase in

radioactive pollution in communities located 12 to 31 miles downwind from operational

fracking sites as compared to background levels. The closer communities were located to

the wells, the higher the radioactivity in airborne particles. In the Fort Worth, Texas area,

where more than 600 fracking wells are located upwind from the city, the team estimated

a 40 percent increase in radiation levels. The radioactive elements carried by the ultrafine

particles, including polonium, represent the radioactive decay products of uranium

isotopes that are liberated from the shale during fracking operations.962

• September 7, 2020 – With growing public concern about more than two dozen cases of

rare Ewing’s sarcoma among teens and young adults in intensely fracked areas of

southwestern Pennsylvania, investigative reporters at Public Herald pressed the

Pennsylvania Department of Health (DOH) for more information about the scope and

progress of the public health studies that were promised to local residents. DOH has

relinquished the study format to the University of Pittsburgh, and there is no indication

that the research team is planning to investigate the issue of fracking-related radioactivity

despite the concern of many residents that such exposures may be playing a role in the

unusually high incidence of an otherwise rare cancer.963

• August 5, 2020 – Using state records and right-to-know-law requests, an investigative

team at the Public Herald found that final destination of 66 percent of the leachate from

30 different landfills in Pennsylvania that accept oil and gas waste from fracking

operations is unknown. Further, the leachate is not being tested for radioactivity before
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being discharged into rivers and streams. Leachate is a landfill’s liquid waste formed by

rainwater percolating through the landfill. It is typically sent to wastewater treatment

plants before being discharged into surface water. Oil and gas waste from Marcellus

Shale fracking operations that are dumped in landfills can contain high levels of

Technically Enhanced Naturally Occurring Radioactive Materials (TENORMS), meaning

that naturally occurring radioactivity within the earth’s geological layers is mobilized and

concentrated by the activities of fracking when it is brought to the surface as a constituent

of liquid and solid waste. TENORMS are not removeable by the filtration systems of

most treatment plants. Pennsylvania state records show radium-226 levels in fracking

wastewater can be as high as 26,000 picocuries per liter, which is more than 5,000 times

the limit for radium in drinking water. The team found that the Pennsylvania Department

of Environmental Protection (DEP) is limiting the amount of TENORM coming into its

landfills by limiting the amount of waste the landfill can receive. However, the agency is

not tracking the amount of TENORM leaving the landfill and heading to water treatment

facilities in the form of leachate. “The DEP says that the transaction is private between

the two entities: the landfill and the treatment plant.”
964
New state legislation was drafted

in 2019 that would prevent TENORM disposal in Pennsylvania public waters.
965

• August 3, 2020 – Oil and natural gas waste became subject to state law regulating the

transportation, treatment, storage and disposal of hazardous waste, as New York State

Governor Andrew Cuomo signed into law S3392/A2655.
966
Though the state had banned

extraction of natural gas by fracking in 2015, fracking waste arrives into the state from

Pennsylvania and was previously treated as non-hazardous, in spite of the carcinogenic

compounds and naturally occurring radioactive materials it contains.
967

• July 18, 2020 – Exposure to radionuclides from oil and gas waste was greater when waste

was in bulk rather than containerized, and greater exposure occurred with smaller

vehicles for transport, according to researchers from the Department of Civil

Engineering-University of Indonesia and the Indonesian Nuclear Energy Regulatory

Agency.
968
The team evaluated exposure to radionuclides from oil and gas waste by

landfill worker job description: drivers, workers receiving the waste, and workers
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disposing of the waste. The method used was that of the US Department of Energy to

evaluate radiation exposure at Transport, Storage and Disposal (TSD) facilities.

• April 22, 2020 – The National Council of Radiation Protection and Measurements

(NCRP), which is chartered under, but not overseen by, the U.S. Congress, called for the

development of a full report to provide science-based national guidelines for the disposal

radioactive waste from fracking operations. In its commentary, the NCRP described the

geological origins of radioactivity in oil and gas drilling; the historical and current

regulatory framework; options for the disposal of radioactive waste; legal considerations;

and radiation protection measures for workers. The NCRP further notes that the EPA

does have the authority to regulate individual radionuclides under a suite of federal

environmental laws. However, because EPA has not thus far provided any regulations or

even guidance, regulatory action has, heretofore, fallen to the states with little input from

federal advisory bodies. In the absence of consistent, standard regulations across the

states—and in some states there are none at all—compliance difficulties arise.969

• February 13, 2020 – In violation of Oregon state regulations, two million pounds of

radioactive fracking waste from North Dakota Bakken’s oil field was received by a

chemical waste landfill near Oregon’s Columbia Gorge, delivered by rail in 2016, 2017

and 2019. Some of the waste “registered radium at 300 times the state’s limits,” and on

average, “registered radium at 140 picocuries per gram,” while the state maximum for the

facility is five picocuries, according to a state nuclear waste remediation specialist quoted

in Oregon Live.
970
Citing lack of malicious intent, authorities will not fine the landfill, but

require the company to create a risk assessment and action plan to address the violation.

• January 21, 2020 – Rolling Stone reporter Justin Nobel investigated radioactive materials

in fracking waste, including fracking waste dumped in landfills and through sewage

treatment plants, liquid fracking waste spread on roadways, and wastewater hauled to

underground injection wells for disposal. Truckers are not required to wear protective

gear or wear dosimeters to measure exposure, and they frequently become soaked in the

wastewater they are disposing. Involving hundreds of interviews, Rolling Stone’s

investigation uncovered “a sweeping arc of contamination—oil-and-gas waste spilled,

spread, and dumped across America, posing under-studied risks…. There is little public

awareness of this enormous waste stream, the disposal of which could present dangers at

every step—from being transported along America’s highways in unmarked trucks;

handled by workers who are often misinformed and under protected; leaked into

waterways; and stored in dumps that are not equipped to contain the toxicity. Brine has

even been used in commercial products sold at hardware stores and is spread on local

roads as a de-icer.” A set of recently settled lawsuits among Louisiana oil and gas
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workers revealed chronic exposures that led to fatal cancers. Historical industry

documents expose long-standing inhouse concerns about liability for oil and gas workers’

health from radiation exposures.
971

• December 23, 2019 – In a study of radioactivity within the Polish gas pipeline network,

excess radon, or
222
Rn, concentrations were found in gas from national mines compared

to gas from international sources, due to transit time and radon’s short half-life. Very

high radiolead, or
210
Pb, was found in “black powder” samples. Black powder is a

product of corrosion of steel pipes and is found in filters at compressor stations and from

pigging operations. Faculty researchers from the University of Science and Technology

in Krakow, Poland concluded that handling black powder presents radiological risk to

employees.
972

• November 29, 2019 – Exposure to TENORM waste from the oil and gas industry “may

lead to multiple environmental and health risks,” according to a review analyzing and

comparing available international data from extraction, production and transport.
973
The

American Petroleum Institute reported that scales in the oil and gas industry, often found

inside pipes and tubes at fracking sites, had concentrations as high as tens of thousands of

Bq g
−1
; it can also contain radon offspring, such as

210
Pb and

210
Po. In addition, some

studies found excess radioactivity in soil in the vicinity of oil and gas industry fields and

facilities. Based on their review of many studies, the authors concluded that oil and gas

activities exceed the 10,000 Bq kg
−1
exemption level recommended in the safety

standards of the International Atomic Energy Agency (IAEA). In particular, they wrote

that TENORM waste produces high levels of radiation exposure because radioactivity

often accumulates on machinery and equipment, due to mismanagement, physical

conditions, and other factors.

• September 25, 2019 – Radioactive materials in oil and gas industry waste represent an

unknown risk for workers and community members. An Egyptian research team

investigated the potential health effects of low-levels exposure to these substances in

laboratory rats. Waste exposure for one and two months resulted in a significantly

increased production of cellular free radicals, elevations in lipid peroxides, and damage to

red blood cells.
974
Exposure also triggered a radio-adaptive response in rats subsequently

exposed to a higher dose of gamma radiation, particularly in the longer-exposed animals.

• September 11, 2019 – A Pennsylvania municipal worker observed irregularities in

sewage releases that led to the discovery that 40 percent of waste in a local landfill was,

in fact, solid oil and gas waste, including drill cuttings. The superintendent of the Belle
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Vernon Municipal Authority, which runs the town’s small sewage treatment plant on the

banks of the Monongahela River, found barium, chlorides, and, of particular concern,

radium, in the leachate from the landfill at levels higher than allowed by EPA’s drinking

water standards. A State Impact Pennsylvania investigation found that this sewage

treatment plant, along with 12 others, were “too small to automatically qualify for stricter

regulations on leachate, and have to police the landfills themselves.” Duke University

geochemist Avner Vengosh cautioned, “I predict that the radium will start to accumulate

on the sediments at the bottom of this discharge site…The radioactivity level could be

really high. And of course the risk is that once there is high radium in the sediments,

there is incorporation into the ecological chain.”
975

• April 10, 2019 – In a study of 118,421 homes in all 88 Ohio counties, a University of

Toledo team used multilevel modeling to investigate the relationship of indoor radon

concentrations and fracked well locations for the years 2007-2014. The found that

proximity of Ohio homes to fracking wells was linked to higher indoor concentrations of

radon gas.
976
“The shorter the distance a home is from a fracking well, the higher the

radon concentration. The larger the distance, the lower the radon concentration,”

according to lead researcher, Ashok Kumar.
977
Most of the gas wells were located in

eastern Ohio which overlies the shale deposits. The mean radon concentrations among

the tested homes was 5.76 pCi/l, which is higher than the EPA’s “safe” levels of 4.0

pCi/l. (The World Health Organization recommends mitigation at 2.7 pCi/l.) The highest

radon concentration, 141.85 pCi/l, was found in central Ohio. The data in the study were

collected from self-reported devices. Researchers concluded, “there is a strong correlation

between indoor radon concentrations and hydraulic fracturing in Ohio.”

• March 15, 2019 – Due to a 1980 hazardous waste exemption from the Resource

Conservation and Recovery Act (RCRA), drill cuttings from oil and gas fields became

exempt from federal oversight, leaving it to states to regulate the disposal of this solid

waste stream. A team of researchers measured radioactivity in drill cuttings extracted

from Pennsylvania wells and found levels of radium-226 and radium-228 that exceeded

the regulatory limits for landfills in Ohio and New York, two states where there are

regulatory limits and that accept fracking waste from other states, including from

Pennsylvania. The authors recommended rescinding the RCRA exemption for hazardous

fracking waste to better protect public health.
978
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• August 3, 2018 – A two-part study by Dartmouth College researchers investigated the

source of radium in fracking wastewater from Marcellus Shale wells. By comparing the

isotopic ratios, they showed that the high salinity of the wastewater is responsible for

extracting radium from the shale. “Experimental results and wastewater data together

provide a coherent picture, that the distinctive Ra isotopic signature of Marcellus

wastewaters results from contemporaneous water-rock interactions that promote

desorption of
226
Ra from organics during hydraulic fracturing.”

979
In the second part of

the study, the researchers used mass balance and isotope mixing models to attribute both

the extreme salinity and the presence of radium in liquid fracking waste to the

progressive, hydrologic enrichment of injected fluids during hydraulic fracturing.
980
In

sum, the chemical composition of fracking fluid itself and its interactions with black

shale during the fracking process combine to make fracking waste radioactive.

Explaining these findings in a news article, co-author Makul Sharam said, “Radium is

sitting on mineral and organic surfaces within the fracking site waiting to be dislodged.

When water with the right salinity comes by, it takes it on the radioactivity and transports

it.”
981

• February 19, 2018 – A study conducted in the Bakken Shale region of North Dakota used

a multivariate regression model to predict radium-226 levels in fracking wastewater

based on levels of other elements (barium, strontium, calcium). Their simulation model

gave results that align with the extremely limited actual data based on direct

measurements of radionuclides in Bakken Shale wastewater. The research team then used

their model to predict potential harm to human health based on spills into surface water

that is issued as a source of drinking water, irrigation, and recreational fishing. Even in

the best-case scenario, using simulated concentrations on the low end, the results

indicated that “there is potential risk to human health” in North Dakota due to radium-

226 in fracking wastewater spills. This model can be used for any area where oil and gas

waste is produced. “Overall, the results presented in this study can be treated as a

warning and a reference to conduct further investigations.”
982

• February 6, 2018 – A research team from City University of New York School of Public

Health and Health Policy surveyed the various state-based regulations and state licensing

requirements governing the disposal of radioactive waste from oil and gas waste streams.

They found that 17 states had drafted express regulations to reduce exposure to radiation

from oil and gas waste. States with active oil and gas drilling that lack such regulations

“may leave the public and workers susceptible to adverse health effects from radiation.”
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Among the authors’ policy recommendations: due to accumulation of radioactivity on

equipment, future studies should explore impacts on workers; exposed workers should

wear badges to monitor exposures; worker exposures should be limited by shift changes;

regulations across states should be harmonized to prevent cross-state dumping of large

amounts of radioactive solid waste and assure protection of the public from the risk of

radiation from exposure to oil and gas drilling wastes.
983

• January 4, 2018 – A research team from Duke and Pennsylvania State universities

collected stream sediments upstream and downstream from three disposal sites in

Pennsylvania that receive oil and gas wastewater, treat it, and release it into surface

water. While the practice of treating and dumping liquid waste from fracking operations

into Pennsylvania streams largely ended in 2011, these three facilities continue to treat

and release waste from conventional drilling operations. The researchers consistently

detected elevated radioactivity in stream sediments in the vicinity of the outfall compared

to upstream areas. The ratios of radium isotopes to their decay products showed that

some of the radium had accumulated in the sediments in recent years—after discharges of

fracking waste had been halted. Hence, radioactivity from conventionally drilled wells is

the likely source of the high levels of radium in sediments downstream from these three

treatment plants. Consequently, policies that prohibit disposal only of fracking waste

fluids “are not adequate in preventing radioactive contamination in sediments at disposal

sites.” Permission to treat and release any type of oil and gas wastewater via centralized

waste treatment facilities “should be reconsidered.”
984

• September 22, 2017 – State health regulators confirmed that unknown quantities of

radioactive waste from drilling and fracking operations have been illegally buried in

Colorado landfills not permitted to accept it.
985

• November 23, 2016 – University of Iowa researchers evaluated radioactive materials—

uranium, thorium, radium, lead, and polonium isotopes—from drill cutting samples

extracted from a single well drilled in northern Pennsylvania. They found complex

patterns of vertical stratification. For example, the deep drill cuttings had significantly

more uranium (U) than the cuttings removed from shallow portions of the well. Noting

that virtually all drill cutting waste from the Marcellus Shale is deposited in landfills, the

authors examined the stability of the various radioactive materials by simulating different

conditions of landfill leaching. The results suggested some environmental mobility of

radionuclides in drill cuttings. In particular, as acidity increased, radionuclide leaching

increased, with
238
U and

234
U being the most leachable radionuclides. The authors

concluded, “Although previous studies have suggested that [radioactive materials] in drill
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cuttings pose a minimal health risk to the general public when deposited in landfills, our

results indicate that Marcellus Shale drill cuttings warrant further radiochemical

investigation.”
986

• April 27, 2016 – Duke University researchers who studied oil and gas wastewater

(“brine”) spills reported that “the water contamination from brine spills is remarkably

persistent in the environment, resulting in elevated levels of salts and trace elements that

can be preserved in spill sites for at least months to years .…” In addition, radioactivity

was elevated in soil and sediment sampled at spill sites, indicating that radium had

accumulated in the soils of spill-affected areas.
987
The bigger the spill, the higher the soil

radioactivity level. Study author Avner Vengosh told Inside Climate News, “We found

even if you take away the spill water… you still left behind the legacy of radioactivity in

the soils,” where it can linger for thousands of years.
988

• March 10, 2016 – Louisville’s Courier-Journal reported on illegal dumping of

radioactive oil and gas drilling wastes in two Kentucky landfills. Landfill operators in

Greenup and Estill counties were issued violation notices for failing to “accurately

characterize the waste for what it was, allowing what’s considered an illegal release of a

hazardous material into the environment.” The illegal dumping at the Greenup County

landfill alone consisted of 369 tons of radioactive drilling waste.
989

• February 26, 2016 – Radioactive oil and gas waste from fracking operations in Ohio,

Pennsylvania, and West Virginia was illegally sent to Estill County, Kentucky’s Blue

Ridge Landfill. The radioactive level of the material that was buried “was at least 340

times more than the amount that is allowed to be buried at a solid waste landfill,”

according to WKYT in Lexington. WKYT reported that Estill County leaders would

“fight ‘tooth and toenail’ to get the bottom of how low-level radioactive waste ended up

in a county landfill,” and do its own testing at the landfill and nearby schools.
990

• November 23, 2015 – Absence of federal oversight and, in some cases, a total lack of

state regulations for handling radioactive oil and gas waste was the topic of a report in

High Country News, which detailed the regulatory situation in six Western states:

Colorado, Idaho, Montana, North Dakota, South Dakota, and Wyoming. North Dakota

alone generates an estimated 70 tons a day of radioactive oil and gas waste. “Because the
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waste is often too radioactive to be disposed of in landfills, it sometimes gets dumped

illegally.” Proposed new rules in North Dakota would raise the radioactivity limit for the

waste.
991

• July 8, 2015 – Radium-226 is the dominant radioactive material in flowback water from

hydraulically fractured wells in the Marcellus Shale. A Pittsburgh team of researchers

studied its fate in three wastewater storage pits in southwestern Pennsylvania over a 2.5-

year period of time. They found that radium-226 concentrations increased when flowback

water was being reused for additional fracking operations. Also, radium-226 tended to

accumulate in the bottom sludge. This sludge could be classified as radioactive solid

waste because it exceeded the radium-226 limit for landfill disposal. A risk assessment

showed that potential radiation dose equivalent levels around the three fracking waste pits

were within the regulatory limit for the general public.
992

• April 9, 2015 – A Johns Hopkins Bloomberg School of Public Health study found that

levels of radon in Pennsylvania homes—a region with some of the highest indoor radon

concentrations in the US—have been rising since 2004, around the time the fracking

industry arrived in the state.
993
Radon exposure is the second leading cause of lung cancer

worldwide, after cigarette smoking.
994
Researchers found that buildings in counties where

the most fracking has taken place in the past decade have had significantly higher radon

readings compared with those in low-fracking areas, a difference that did not exist before

2004. Use of well water was associated with 21 percent higher indoor radon

concentrations than in buildings using public water sources. This study, the first to define

and evaluate the predictors of indoor radon concentrations in Pennsylvania, concluded

that radon’s presence was related to geology, water sources, weather, and natural gas

drilling.
995

• April 2, 2015 – A team of toxicologists, geochemists, and radiation scientists led by the

University of Iowa analyzed the contribution of various naturally occurring radioactive

materials (NORM) to the total radioactivity of fracking waste fluids, finding evidence of

long-lived, environmentally persistent radioactive decay products.
996
“NORM is

emerging as a contaminant of concern in hydraulic fracturing/unconventional drilling

wastes, yet the extent of the hazard is currently unknown.” The study determined that
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previous testing and study methods likely underestimate radioactivity by focusing only

on radium. The researchers developed a new method to accurately predict the

concentrations of uranium, thorium, and radium and their alpha-emitting progeny,

polonium and lead, in fracking wastewater. They found that, under certain conditions,

radioactivity increased over time, due to ingrowth of alpha-emitting radioactive progeny

of long-lived parent radionuclides such as radium. The authors warned that these decay

products may potentially contaminate recreational, agricultural, and residential areas, and

that a more detailed understanding is needed of how radionuclides accumulate in higher

organisms. In an accompanying article in Environmental Health Perspectives, James

Burch, a University of South Carolina epidemiologist who was not involved in the study,

said that fracking activities and wastewater disposal, which often take place in close

proximity to where people live and work, raise risks for human exposure. “The

technology is vastly outpacing what we know about the health effects.”
997

• May 8, 2014 – A group of leading medical experts and the American Lung Association of

the Northeast detailed research and growing concerns about potential health impacts of

radon and radium associated with natural gas production and the Marcellus Shale, in

particular. High levels of radiation in the Marcellus Shale could pose health threats if

high concentrations of radon and its decay products travel with natural gas, a problem

compounded by the short distance Marcellus gas could travel in pipelines to people’s

homes.
998

• March 23, 2014 – A team led by toxicology researchers at the University of Iowa

identified high levels of radioactivity in fracking wastewater as a significant concern and

noted that the testing methods used and recommended by state regulators in the

Marcellus Shale region can dramatically underestimate the amount of radioactivity—

specifically radium—in fracking wastewater.
999
Results obtained using EPA-

recommended protocols can be obscured by the presence of other contaminant mixtures.

Regarding the use of EPA protocols with fracking wastewater or other highly saline

solutions, Duke University geochemist Avner Vengosh noted, “People have to know that

this EPA method is not updated.”
1000

• February 2014 – The Marcellus Shale is known to have high uranium and radium

content. According to Mark Engle, USGS geochemist, the concentration of radium-226

can exceed 10,000 picocuries/Liter (pCi/L) in the shale. Radium-226 has a half-life of

1,600 years. Radium and other naturally occurring radioactive materials (NORM) can be
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released from shale rock during drilling and fracking and can emerge with flowback and

produced waters. It can thus enter the ambient environment and become concentrated in

the sludge that results from treatment of flowback water, and in river sediment around

water treatment facilities. It can also be found in landfills in which sludge and sediment

have been disposed. Some radium can be found in drinking water. Geochemist Avner

Vengosh warned, “Once you have a release of fracking fluid into the environment, you

end up with a radioactive legacy.”
1001

• October 2, 2013 – A peer-reviewed study of the impacts of drilling wastewater treated

and discharged into a creek by a wastewater facility in western Pennsylvania documented

radium levels approximately 200 times greater in sediment samples near the discharge

location than in sediment samples collected upstream of the plant or elsewhere in western

Pennsylvania. “The absolute levels that we found are much higher than what you allow in

the U.S. for any place to dump radioactive material,” one of the authors told Bloomberg

News. The pollution occurred despite the fact that the treatment plant removed a

substantial amount of the radium from the drilling wastewater before discharging it. The

researchers wrote that the accumulation of radium in sludge removed from the

wastewater “could pose significant exposure risks if not properly managed.”
1002, 1003

• February 2013 – In an analysis of fracking sludge samples from Pennsylvania,

researchers “… confirmed the presence of alpha, beta, and gamma radiation in the soil

and water in reserve pits located on agricultural land.” Total beta radiation exceeded

regulatory guideline values by more than 800 percent, and elevated levels of some of the

radioactive constituents remained in a vacated pit that had been drained and leveled. It is

imperative, the research team concluded, “that we obtain better knowledge of the quantity

of radioactive material and the specific radioisotopes being brought to the earth’s surface

from these mining processes.”
1004

• July 26, 2012 – Responding to concern about radon in natural gas produced from the

Marcellus Shale, the USGS analyzed ten samples of gas collected near the wellheads of

three Pennsylvania gas wells. The agency found radon levels ranging from 1-79

picocuries per liter, with an average of 36 and a median of 32. (The highest radon activity

reported here would decay to 19.8 pCi/L in approximately a week; by comparison, the

EPA’s threshold for indoor air remediation is 4 pCi/L.) Asserting they knew of no

previous published measurements of radon in natural gas from the Appalachian Basin,

which contains the Marcellus Shale, agency scientists concluded that the number of
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samples “is too small to … yield statistically valid results” and urged “collection and

interpretation of additional data.”
1005

• January 11, 2012 – In its review of the New York State Department of Environmental

Conservation’s (NYS DEC) Supplemental Generic Environmental Impact Statement

(SGEIS) on high volume fracturing, the EPA expressed concerns about the diffusion of

responsibility for the ultimate disposal of radioactive wastes generated by treatment or

pretreatment of drilling wastewater. The EPA also raised concerns about the lack of

analysis of radon and other radiation exposure. “Who is responsible for addressing the

potential health and safety issues and associated monitoring related to external radiation

and the inhalation of radon and its decay products?” the EPA asked. “Such potential

concerns need to be addressed.”
1006

• September 7, 2011 – The USGS reported that radium levels in wastewater from oil and

gas wells in New York and Pennsylvania, including those in the Marcellus Shale, “have a

distinctly higher median … than reported for other formations in the Appalachian Basin,

and range to higher values than reported in other basins.” The median level of radium

found in Marcellus Shale wastewater in New York, 5,490 pCi/L, is almost 1,100 times

the maximum contaminant level for drinking water, which is five pCi/L. In other words,

if a million gallons of Marcellus Shale wastewater contaminated with the median level of

radium found in New York were to spill into a waterway, 1.1 billion gallons of water

would be required to dilute the radium to the maximum legal level.
1007

(The EPA’s

health-based goal for radium in drinking water is zero.) Over time, radium naturally

decays into radioactive radon gas. Thus, higher radium levels also suggest that higher

levels of radon may also be present in natural gas produced from the Marcellus Shale.

• February 27, 2011 – The New York Times reported on the threat to New York’s drinking

water from Pennsylvania drilling waste due to the presence of chemical contaminants,

including high levels of radioactivity. The investigation found that sewage treatment

plants were neither testing for nor capable of removing that radioactivity, which was

subsequently discharged into waterways that supply drinking water, and that, in some

cases, wastewater contained radium levels that were hundreds of times higher than the

drinking water standard. Drillers sent some of this waste to New York State for disposal

even though, as the article noted, EPA scientists had warned the state about this very

problem in a December 2009 letter that advised against sewage treatment plants
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accepting drilling waste with radium levels 12 or more times as high as the drinking

water standard.
1008

• 2008-2009 – The New York State DEC found that wastewater from 11 of 13 vertical

wells drilled in New York’s Marcellus Shale in 2008 and 2009 contained radium levels

ranging from 400 times to nearly 3,400 times EPA’s safe level limit for radium in

drinking water. These figures later informed the 2011 study of radium in drilling

wastewater conducted by the USGS.
1009

• January 1993 – NORM contamination in the oil and gas industry is widespread and can

occur as radioactive scale, films, and sludges. “Some contamination may be sufficiently

severe that maintenance and other personnel may be exposed to hazardous

concentrations,” according to this 1993 article in the Journal of Petroleum

Technology.
1010

Uranium, thorium, radium, and associated decay products from the

production of oil is typically found in radioactive scale and produced water. Radon and

its long-lived decay products more typically contaminate natural gas facilities. Federal

agencies in the United States do not regulate oil and gas waste, so it is up to individual

states to regulate the serious problem of disposal of radioactive materials and equipment.
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Occupational health and safety hazards

Drilling and fracking jobs are among the most dangerous jobs in the nation with a fatality rate

at least four times the national average. Irregularities in reporting practices mean that counts

of on-the-job fatalities among oil and gas workers are likely underestimated. Contract workers

are especially at risk. In 2021, the most recent year for which data are available, 58 oil and gas

extraction workers died on the job, up from 44 deaths in 2020. These deaths represent over 60

percent of the fatal work injuries in the mining sector. In a 2020 study of suicide deaths by

industry, workers employed in mining, quarrying, and oil and gas extraction had the highest

suicide rate. A 2020 study showed that retired oil and gas workers had the highest prevalence of

self-reported poor health of all industry categories of retirees.

Occupational hazards in the fracking industry include motor vehicle accidents, head injuries,

blunt trauma, burns, inhalation of hydrocarbon vapors, toxic chemical exposures, radiation

exposure, heat exhaustion, dehydration, and sleep deprivation. Two-thirds of workers report

reported workday shifts of 12 or more hours. An investigation of occupational exposures found

high levels of benzene in the urine of well pad workers, especially those in close proximity to

flowback fluid coming up from wells following fracturing activities. Exposure to silica dust,

which is definitively linked to silicosis and lung cancer, was singled out by the National Institute

for Occupational Safety and Health (NIOSH) as a particular threat to workers in fracking

operations where silica sand is used. [See also Sand Mining and Processing and Radioactive

Releases.] At the same time, research shows that many gas field workers, despite these serious

occupational hazards, are uninsured or underinsured and lack access to basic medical care.

In 2018, the first independent investigation of its kind showed that pipeline construction workers

die on the job 3.6 times more often than the average U.S. worker. Pipeline worker deaths occur

from crushings, fires, and heat exhaustion. The number of miles of U.S. pipelines tripled from

2006 to 2016, and newer pipelines are less safe than older ones. Pipelines built after 2010 suffer

higher failure rates than pipelines built at any other time.

• April 25, 2023 – In 2021, the year on which the 32nd edition of the AFL-CIO’s “Death

on the Job: The Toll of Neglect” reports, the category that includes oil and gas extraction

workers (“mining, quarrying, and oil and gas extraction”) again had the third highest

fatality rate of all industry groupings. This rate was 14.2 deaths per 100,000 workers, up

from 10.5 in 2020. Oil and gas extraction workers specifically comprised 61 percent of

the on-the-job fatalities (58 of the 95 deaths) in this category. Oil and gas extraction

workers suffered fourteen more deaths in 2021 than in 2020. Oil and gas extraction

workers, according to this federal categorization system, include oil and gas extraction,

drilling oil and gas wells, and support activities for oil and gas operations.
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• March 15, 2023 – In this report on working conditions in the oil and gas industry, “The

Future of Energy & Work in the United States: The American Oil & Gas Worker

Survey,” worker safety emerged as a top concern. The report analyzes results of a cross

sectional survey of 1,635 oil and gas workers. A section of the report on safety and

liability describes the findings. These include that “45 percent of survey respondents

believe that their company’s safety program was explicitly or implicitly designed to shift

liability of an accident onto the worker.” Further, more than 25 percent of workers in the

survey said they would hesitate to raise safety concerns with management. Thirty-five

percent of respondents “indicated that they had been ordered to engage in unsafe working

practices that were in direct violation of established safety practices.” Seventeen percent

said “they had been threatened to have their employment terminated if they did not

engage in unsafe working practice.
”
The authors also provide an analysis of raw data

from OSHA’s “Severe Injury Report” of 2015-2022. They parsed out incidents related to

upstream, midstream and downstream oil and gas jobs, finding 2,484 reported severe

injuries and 2,031 hospitalizations. “The leading types of injuries included fractures

(722), amputations (692), soreness from injury (163), heat, thermal burns (111), and

lacerations (94).”
1012

• October 19, 2022 – On June 28, 2021, a gas explosion killed two workers and injured two

others during routine maintenance using an in-line inspection tool (“pigging”) at an

Atmos Energy Corporation worksite near Farmersville, Texas. The National

Transportation Safety Board (NTSB) Pipeline Investigation Report into the explosion

found the probable cause to be “a leaking mainline valve that allowed natural gas to enter

the launcher where it mixed with air, creating a flammable gas–air mixture that was

ignited by an undetermined source.” The Board said that Atmos Energy Corporation’s

procedures and training practices “did not prepare workers to recognize and safely

respond to abnormal operating conditions,” and that this contributed to the explosion and

its severity.
1013

• June 23, 2022 – Long daily commutes, nonstandard work schedules, less sleep on

workdays, and lack of employer policies were linked to risky driving behaviors by oil and

gas extraction (OGE) workers, according to a study by National Institute of Occupational

Safety and Health (NIOSH) researchers published in the American Journal of Industrial

Medicine. Because U.S. oil and gas workers have consistently high fatality rates—with

motor vehicle crashes being the leading cause of those deaths—researchers sought

understanding of the underlying causes. Of the 500 OGE workers studied, nearly two-

thirds reported workdays of 12 or more hours and nearly half reported less than seven

hours of sleep per workday. About one quarter of those surveyed reported having fallen
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asleep while driving a work vehicle or feeling extremely drowsy more than once a month

while driving at work. Researchers called for policies and programs to address these risk

factors.
1014

• April 28, 2022 – Chemical and physical hazards are the “most dangerous occupational

factors” according to a scoping review aiming to identify influences on sexual and

reproductive outcomes among women employed worldwide in the oil, gas, and mining

(OGM) industry. Though the authors report a scarcity of global research (their review

incorporated 15 studies), the studies they identified and analyzed suggest that menstrual

cycle disorders may be due to occupational hazards such as exposure to heavy metals,

toxic gases, and dust. The researchers cite the importance of this review and the need for

continued research, given that the majority of women working in OGM are of

childbearing age. They call for high-quality research that addresses “all potential

biological, chemical, and environmental health hazards, particularly air and water

pollutants, which are often found in OGM industry.”
1015

• April 26, 2022 – In 2020, the year about which the 31st edition of the AFL-CIO’s “Death

on the Job: The Toll of Neglect” reports, the category that includes oil and gas extraction

workers (“mining, quarrying, and oil and gas extraction”) had the third highest fatality

rate of all industry groupings. This rate was 10.5 deaths per 100,000 workers. Oil and gas

extraction workers specifically comprised over 56 percent of the on-the-job fatalities (44

of the 78 deaths) in this category. Oil and gas extraction workers, according to this

federal categorization system, include oil and gas extraction, drilling oil and gas wells,

and support activities for oil and gas operations.
1016

• November 14, 2021 – A NIOSH-led scoping review provided summaries of existing

research on the health and safety consequences of shift work, fatigue, and sleepiness in

the oil and gas extraction (OGE) workforce and outlined unmet research needs. The

researchers found that only a minority of the 78 papers located addressed onshore OGE

workers, even though 85 percent of U.S. oil and over 96 percent of U.S. natural gas is

produced onshore. This detailed call for filling research gaps relating to shift work and

fatigue includes: building knowledge on the impacts of fatigue in OGE; exploring

interactions between on‐ and off‐the‐job risk factors and behaviors; and identifying and

evaluating interventions to address fatigue in OGE. They call for improved

methodologies in studies and conclude that “research is needed to assess the effects of
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shiftwork, unpredictable work schedules, overtime, on‐call, and fatigue on the onshore

OGE workforce and in other parts of the world.”
1017

• June 23, 2021 – Minnesota state regulators fined Precision Pipeline $25,000, the

minimum required by law, in an incident involving the death of an employee who was

run over by a forklift while checking a list of materials at the Enbridge Energy Line 3 site

in northern Minnesota. Precision Pipeline contested the citation.
1018

• May 21, 2021 – In its final report on the October 2019 deadly hydrogen sulfide (H2S)

release at the Aghorn Operating Inc. oil and gas site in Odessa, Texas, the U.S. Chemical

Safety and Hazard Investigation Board (CSB) identified “six serious safety issues.” These

were nonuse of personal H2S detector, nonperformance of “lockout/tagout,” confinement

of H2S inside pump house, lack of a safety management program, nonfunctioning H2S

detection and alarm system, and deficient site security. The CSB made nine

recommendations, seven to the company and one each to regulators OSHA and the Texas

Railroad Commission. The release killed an Aghorn employee and his spouse. (See July

21, 2020 entry.)
1019

• May 4, 2021 – In 2019, the U.S. Bureau of Labor Statistics category that includes oil and

gas extraction workers (“mining, quarrying, and oil and gas extraction”) had the second

highest fatality rate, 14.6 per 100,000 workers, of any industry category. Oil and gas

extraction workers specifically comprised 82 percent of the on-the-job fatalities (104 of

the 127 deaths) in this category. Oil and gas extraction workers suffered ten more deaths

in 2019 than in 2018, which was greater than each year before that, since 2014. Oil and

gas extraction workers, according to this federal categorization system, include oil and

gas extraction, drilling oil and gas wells, and support activities for oil and gas

operations.
1020

• April 26, 2021 – Reporting on OSHA’s “Top 10” violations for various industries in

2020, Safety and Health Magazine reported that out of a total of 258 OSHA violations for

the oil and gas extraction, 102 were cited as serious. In addition, the article noted that

2020 was a year of one of the lowest total OSHA inspections on record.
1021
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• October 26, 2020 – Retired oil and gas extraction workers had the highest prevalence of

self‐reported poor health and were over twice as likely as retirees in other industries to

report poor health status. They also suffered a significantly higher prevalence of hearing

loss than all other retirees, according to a study conducted by NIOSH researchers. This

study, the first to examine the health of retired manual labor miners and oil and gas

extraction workers compared with other U.S. retirees, used a 2002-2017 National Health

Interview Survey (NHIS) dataset. The NHIS is “a nationally representative survey of

civilian, noninstitutionalized adults that collects information on this population's longest‐

held job, health status, and chronic diseases.” The survey also showed that retired oil and

gas extraction workers—similar to retired miners—suffer a higher prevalence of lung

dysfunction or breathing problems than retirees from other industries. The researchers

note that the boom and bust of extraction industries can lead to involuntary retirement

and also that lack of a mandatory retirement age can compel oil and gas workers to work

until they are physically unable. Researchers also noted that these workers have a higher

morbidity during their working years, and this continues into retirement. This study did

not have the statistical power to analyze and compare incidence of specific cancers within

retirees from different industries. Researchers urged the development of illness

prevention strategies and reductions in workplace exposures to prevalent hazards such as

noise, silica, and diesel exhaust.
1022

• October 6, 2020 – In 2018, 94 oil and gas extraction workers were killed on the job,

accounting for 72 percent of the fatal work injuries in the “Mining, quarrying, and oil and

gas extraction” sector, and 13 deaths more than the previous year. This edition of the

AFL-CIO’s yearly Death on the Job: The Toll of Neglect stated that the reporting year

saw “no forward action on critical safety and health problems, including… silica in

mining.”
1023

• July 21, 2020 – E&E News investigated the increase in oil and gas sites handling

hydrogen sulfide across Texas, particularly in the Permian Basin, with a focus on the

circumstances of the death of an oil worker and his wife in October 2019.
1024

A “lethal

fog” of hydrogen sulfide at levels 137 times the fatal dose killed Jacob Dean, 44, while at

work on a repair, and Natalee Dean, 37, who went looking for him when he had not

returned home. In the Deans’ county alone there were 2,552 oil and gas sites with

hydrogen sulfide permits. Between 2015 and 2019, 96 percent of the inspections of these

sites statewide only involved verification of whether warning signs and fences were in

place, according to the investigation. Though both “OSHA and Texas have regulations

meant to protect people against hydrogen sulfide…. the agencies each police different

aspects of the industry, and they often don’t communicate with each other.”
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• May 14, 2020 – In a study of liquid storage tanks for organic chemical additives on

72,023 U.S. fracking well pads, over 95 percent of the total non-methane volatile organic

compound (VOC) emissions were Agency for Toxic Substances & Disease Registry

(ATSDR) priority-list hazardous substances. Nearly 17 percent of the emissions

identified in the study were caused by 15 carcinogenic compounds. Moreover, the

researchers found that median well emissions rose dramatically between 2008 and 2014,

due to the increase in the amount of chemicals used to fracture each well. Researchers

cautioned that limitations they faced in their ability to collect data resulted in an

underestimate of emissions. They were not able to access information on proprietary

chemicals, which may be toxic and/or carcinogenic, and, of the 2,000 chemicals that were

reported, the researchers could only locate complete information for 475. “Therefore, the

emissions of the approximately 1500 remaining compounds (including a large number of

organic compounds) were not estimated.”1025

• April 30, 2020 –NIOSH released its 2017 data set from the Fatalities from the Oil and

Gas Extraction Industry (FOG) database.
1026

The FOG database was established to collect

detailed information about the circumstances related to deaths of workers in oil and gas

extraction. For the year 2017, “FOG captured 69 fatalities as a result of 65 incidents,

including 3 multiple fatality incidents.” As before, Texas was the state with the most

fatalities and “well servicing” was by far the most common industry group represented.

“Vehicle incidents” and “contact injuries” describe again the majority of the “event type”

leading to the fatalities. 2017 data contain further detail about the material being

transported during transportation-involved fatalities: the majority involved transportation

of “fluids.” It is important to note the FOG database is not designed to be comparable

with other statistics, e.g. those of the Bureau of Labor Statistics (BLS), but rather to

collect detailed information on the fatalities. “The case definitions (i.e. inclusion criteria)

differ. Therefore, each system will have a different number of fatalities each year.”

Importantly, in contrast to BLS, FOG includes all cardiac events where symptoms begin

at work.

Cardiac events that begin at work are included in FOG because acute exposure to

some chemicals or toxic substances can mimic or induce cardiac events. Also, they

are included to support the identification and characterization of factors that may

influence the occurrence or outcome of these incidents, such as physically demanding

work, and working alone and in remote locations.

The release of 2018 data and a forthcoming summary spanning 2014-2018 have been

delayed due to the current COVID-19 response.
1027

The 2014 data set was the first of the

program and a 2015-2016 data set was released last year. (See entries below for May 13,

2019 and August 24, 2017.)

1025
Huan Chen and Kimberly E. Carter, “Hazardous Substances as the Dominant Non-Methane Volatile Organic

Compounds With Potential Emissions From Liquid Storage Tanks During Well Fracturing: A Modeling Approach,”

Journal of Environmental Management 268 (2020): 110715, https://doi.org/10.1016/j.jenvman.2020.110715.
1026

National Institute for Occupational Safety and Health (NIOSH), Western States Division, “Fatalities in the Oil

and Gas Extraction Industry (FOG) FOG Data - 2017” (U.S. Department of Health and Human Services, Public

Health Service, Centers for Disease Control and Prevention, 2020),

https://www.cdc.gov/niosh/topics/fog/data2017.html.
1027

A. Ramirez-Cardenas, Personal Communication re: Data Set Release Dates and Report Delay Information, July

24, 2020.



240

• April 28, 2020 – A worker’s foot and lower leg were crushed and permanently injured as

a result of a hydraulic line blowout on a Wyoming fracking site, and he filed suit against

the fracking company as well as the company that provided the equipment. The worker

alleged these entities owed him a “‘duty of reasonable care’ to ensure the fracking

equipment on the job sites was safe and properly maintained,” which was violated when

they “failed to have regular equipment inspections and repairs done – knowing that not

doing so could result in serious injury or death.”
1028

• March 3, 2020 – Using data from a Canadian population-based case-control study,

researchers evaluated the associations between workplace exposures of inhaled silica

particles and bladder cancer. For this study, fracking workers would presumably be

included in the category “Mining and quarrying including oil and gas field occupations,”

where researchers found over 76 percent were exposed to silica.
1029

Researchers noted

that petrochemical workers are documented to have an increased risk of bladder cancer.

For this study, they used detailed lifetime occupational histories, and considered latency,

concentration, frequency and duration of silica exposure. Results indicated “workers

exposed at high frequencies and/or for long durations are at increased risk of bladder

cancer.” This finding for silica was consistent with an exposure-response relationship.

• January 24, 2020 – The Centers for Disease Control and Prevention (CDC), using data

from the 2016 National Violent Death Reporting System, reported on suicide deaths by

industry and occupation in 32 states. Researchers identified a total of 15,779 such deaths,

including 12,505 (79 percent) men and 3,274 (21 percent) women.
1030

They found that,

among the 20 major industry groups analyzed, men in the group “Mining, Quarrying, and

Oil and Gas Extraction” had the highest suicide rate, at 54.2 per 100,000 workers. The

next highest was Construction at 45.3 per 100,000 workers. The average for men in the

entire study population was 27.4 per 100,000 workers. The data was not broken down in

order to see the specific rate of oil and gas workers within the larger group.

• December 19, 2019 – In this economic analysis considering the health‐related economic

impact of using silica sand as the proppant in fracking, researchers found that “the use of

each ton of silica proppant results in $123 of external costs from fatalities and nonfatal

illness arising due to exposure to silica for a crew handing 60,000 tons of proppants.”
1031

They find that replacement with a less harmful, more expensive alternative would be

economical if these health-related “externalities” were taken into account.

1028
Wyoming News Exchange, “Former Worker Sues Fracking Company,” Gillette News Record, April 28, 2020,

https://www.gillettenewsrecord.com/news/wyoming/article_d906cbb9-8499-5004-a22d-24dcfb91c0e6.html.
1029

Lidija Latifovic et al., “Silica and Asbestos Exposure at Work and the Risk of Bladder Cancer in Canadian Men:

A Population-Based Case-Control Study,” BMC Cancer 20 (2020): 171, https://doi.org/10.1186/s12885-020-6644-7.
1030

Cora Peterson et al., “Suicide Rates by Industry and Occupation — National Violent Death Reporting System,

32 States, 2016,”Morbidity and Mortality Weekly Report 69, no. 3 (n.d.): 57–62,

https://doi.org/10.15585/mmwr.mm6903a1.
1031

Sidharth Agrawal and Jeremy M. Gernand, “Quantifying the Economic Impact of Hydraulic Fracturing Proppant

Selection in Light of Occupational Exposure Risk and Functional Requirements,” Risk Analysis 40, no. 2 (2020):

319–35, https://doi.org/10.1111/risa.13419.



241

• December 17, 2019 – In 2018, the most recent year for which data are available, 94 oil

and gas extraction workers died on the job, up from 81 in 2017. These deaths represent

over 72 percent of the fatal work injuries in the mining sector.
1032

• September 11, 2019 – NIOSH’s Western States Division staff published a paper outlining

the proceedings of a day-long conference for health and safety professionals working in

oil and gas exploration and production that addressed controls related to frack sand

exposure. Respirable crystalline silica (RCS) is linked to silicosis, lung cancer, kidney

and skin diseases. The controls described fell into the categories: elimination through use

of alternative proppants; substitution (use of treated quartz sand to minimize aerosol

emissions); and engineering controls. The NIOSH group was following up on their 2013

determination that “RCS exposures during these operations exceeded the relevant

occupational exposure limits, in some cases by a factor of 10 or more.” Though they cited

progress on controls implemented to help limit worker exposures in the interim years,

authors pointed out limitations to the information presented at the conference. “These

include lack of more exhaustive detail related to industrial hygiene sampling data and

results as well as the lack of third-party confirmation and public reporting of the control

assessments.” The authors wrote that few scientific publications on new controls and

evaluation of their effectiveness were available. They said the imperative is “that we

focus as intently on controls to mitigate the risks for ‘long and latent’ adverse health

outcomes, in this case preventable but extremely serious lung disease, including lung

cancer.”
1033

• June 12, 2019 – According to the U.S. Chemical Safety Investigation Board (CSB), the

January 2018 explosion of a natural gas rig in southwestern Oklahoma, which killed five

workers during the drilling process, was caused by the failure of two protective barriers

designed to prevent uncontrolled gas blowouts. As a consequence, a mixture of mud and

gas blew upwards out of the well, and the gas ignited and exploded. These mechanical

failures, determined the CSB investigators, were, in turn, the result of significant lapses

in safety protocols, including warning alarms that did not sound. All five workers who

died were trapped inside the driller’s cabin when fire blocked both exit doors. This

problem, inherent to the design of the cabin, is not exceptional. The CSB investigation

found that “there is no guidance to ensure that an emergency evacuation option is present

onboard these rigs or can protect workers in the driller’s cabin from fire hazards.”
1034, 1035

This accident remains one of the worst oil field incidents in U.S. history.
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• May 13, 2019 – NIOSH released a data set covering 2015-2016 from the FOG database,

capturing “92 fatalities as a result of 79 incidents, including eight multiple fatality

incidents.”
1036

Sixty-three of these fatalities occurred in 2015 and 29 in 2016. Forty-five

of the 92 occurred in Texas, 13 in North Dakota, 8 in Oklahoma, and 5 in New Mexico.

Fifty-four of the workers who were killed worked in “well servicing,” and 18 in “drilling

operations.” Twenty-six of the fatalities involved a “vehicle incident,” 22 involved a

“contact injury” (crushed or struck), and 13 involved explosions. Other variables within

the database describing the fatalities include ages of victims and their years of

experience, whether they were working unobserved and/or alone, and the circumstances

surrounding the multiple fatality incidents. Also noted is whether the information in any

given category is unknown.

• April 25, 2019 – In 2017, 81 oil and gas extraction workers died on the job, accounting

for 72 percent of the fatal work injuries in the mining sector, which, overall, has a fatality

rate nearly four times the national average.1037 There were 18 more fatal occupational

injuries in oil and gas extraction industries than the previous year.1038 (The 29
th
edition of

this AFL-CIO report, covering 2018, appeared on October 6, 2020; see Emerging

Trends.)

• February 19, 2019 – An investigation into the death of oil worker Dennis Mason by E&E

News shows how inhalation of toxic vapors is systematically overlooked as a possible

cause of workplace mortality and “indicates that more than four years after worker safety

officials started warning of the lethal dangers of inhaling petroleum gases, the danger is

still ignored in some corners of the oil patch.”
1039

NIOSH has linked at least 13 oil

worker deaths to inhalation of petroleum gases, such as butane and propane. However,

because medical examiners do not always test for the substances, and attribute the deaths

to “natural causes,” there are likely more. In this case, OSHA investigators immediately

suspected that Dennis Mason was killed by toxic vapors and sent information and

materials to the responsible Oklahoma state medical examiner, but state officials said

they did not receive them. These materials included a paper by an occupational medicine

specialist describing how exposure to high concentrations of hydrocarbon gases and

vapors in an oxygen-deficient atmosphere can result in sudden cardiac death among oil

and gas extraction workers. Instead, the medical examiner tested only for illegal drugs

and alcohol before attributing his death to natural causes.

• February 13, 2019 – A series of catastrophic explosions and fires at a gas-processing

facility in Pascagoula, Mississippi shut the plant down for six months in June 2016. This
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facility receives raw gas from drilling operations and separates it into natural gas and

hydrocarbon liquids, which are used to make petrochemicals. The U.S. Chemical Safety

Board’s final report identified “thermal fatigue” as the probable cause of the series of

conditions leading to the explosions. A “major loss of containment” in a heat exchanger

resulted in the release of methane, ethane, propane, and several other hydrocarbons,

which subsequently ignited. The report’s interactive 3D model showed that the heat

exchanger used at the Enterprise Plant, as well as at over 500 other U.S. gas processing

facilities, is innately vulnerable to thermal fatigue. The timing of the explosions at the

Pascagoula Gas Plant, which occurred shortly before midnight, likely prevented injuries.

According to the final report, had the event happened during the day, with many more

workers present, the consequences could have been much worse. The report noted that

many nearby residents chose to evacuate, and afterwards, a local community organization

informed the Board that residents did not know how to respond to the explosions. “They

felt uninformed and ill equipped to know if they were in harm’s way.” The final report’s

recommendations included the development of a “robust and engaged community alert

network.”
1040

• December 21, 2018 – In the decade between 2008 and 2017, 1,566 U.S. workers died

from on-the-job injuries in the oil and gas drilling industry and related fields. These

figures were derived from data collected by the U.S. Department of Labor’s Bureau of

Labor Statistics as part of a special investigative report that included participation by the

Texas Tribune. In a slightly longer overlapping period, OSHA cited companies in the oil

and gas extraction industry for 10,873 violations and investigated 552 accidents that had

resulted in at least one worker death. Upstream drilling and fracking operations are

exempt from safety rules that govern all downstream sectors of the oil and gas industry.

Among these are rules that require refineries, petrochemical plants, and other high-hazard

operations to adopt procedures to prevent fires, explosions, and chemical leaks. The

investigation detailed a number of specific oil and gas industry deaths in Texas,

highlighting the various preventative and regulatory failures associated with traumatic

injury; exposure to toxic gases, including hydrogen sulfide; and blowout risk and

fires.
1041

• October 11, 2018 – In addition to social isolation and the wide-ranging effects of job-

related stress, the physical costs to well pad workers are high, according to a qualitative

study on oil workers’ social, emotional, and psychological well-being. The study

consisted of in-depth interviews with 14 oil industry workers in Alberta, Canada. Twelve

were men and two were women. Thirteen of the fourteen workers were employed by

third-party contractors. They included heavy-equipment operators, surveyors, health and

safety specialists, environmentalists, biologists, wireline engineers, derrick hands,

consultants, and drillers. All were rotational workers. Rotational work involves travel to
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various oil fields and working extended shift schedules, which typically involves 21

consecutive days of work followed by three days off. Most of the respondents said they

experienced physical pain on a somewhat regular basis. These findings corroborate the

results of other studies reviewed by the authors. “Rotational oil field workers are

vulnerable to personal, social, and economic stressors that may result in degraded

wellbeing…. As we explored here, ‘good jobs’ in the patch come at a steep psychosocial

and physical health cost to the labourers.”
1042

• October 10, 2018 – The most “cohesive explanation yet” for one of the worst oil field

accidents in U.S. history, the January 2018 Oklahoma well fire which killed five workers,

came from a lawsuit based on dozens of depositions. OSHA had sought penalties but did

not offer an explanation, and the U.S. Chemical Safety Board stated plans to issue a

report over a year later. (See Emerging Trend 6 in the front matter of this report,

regarding the findings of the final report.) The factors explained in the lawsuit included

ignoring warnings about using a cheaper and lighter drilling mud, and a broken and

locked door out of which the five workers may have been able to escape.
1043

The

operating company blamed contractors.
1044

(See also entry below for August 16, 2018.)

• September 12, 2018 – In 2016, oil and gas pipeline construction workers died on the job

3.6 times more often than the average U.S. worker, as determined by the first independent

investigation to compile and present fatality rates for those who build oil and gas

pipelines in the United States. That same year oil and gas pipeline construction workers

had the highest death rate and number of deaths for those employed in these jobs since

2012. “If we add the deaths of workers whose job it is to maintain and monitor the

pipelines as they carry the fuels (pipeline transport), 2016 was the deadliest year for oil

and gas pipeline workers since 2009.”
1045

Pipeline worker deaths occurred from

crushings, fires, and heat exhaustion. The number of miles of U.S. pipelines carrying oil

and other hazardous liquids tripled from 2006 to 2016, and newer pipelines are less safe

than old ones. Pipelines built after 2010 suffer failures at a higher rate than pipelines built

“at any time in the last century,” with pipelines carrying natural gas over five times more

disaster-prone. The author made available her complete methodology and references for

the project, with a discussion of her methodology and other data sources, including

strengths, weaknesses, and comparability. Her stated intention in building a first-of-its

kind oil and gas pipeline fatality report was to be “as straightforward and replicable as

possible.”
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• August 20, 2018 – Nearly 1,000 workers have been killed in the ten years since hydraulic

fracturing and horizontal drilling technologies rapidly expanded, although the current oil

and gas worker fatality rate is down from its earlier high at seven times higher than across

all industries. Persistent fatality risk factors include the practice of manual tank gauging,

vehicle crashes, and inexperienced workers.
1047

• August 16, 2018 – On January 22, 2018, five workers were killed during the drilling of a

gas well in Pittsburg County, Oklahoma. While the drill pipe was being lifted, a mixture

of mud and gas blew upwards out of the well, and the gas subsequently ignited and

exploded. A “factual update” as part of the ongoing investigation by the U.S. Chemical

Safety Board found that a piece of safety equipment designed to control the release of

fluids from the well was unable to fully close on the day of the accident and that other

safety corners had been cut.
1048

• April 29, 2018 – Improper or inadequate use of personal protective equipment was of

highest concern in a survey of industry workers and regulators that was designed to find

the frequency of “failure incidents” and near misses at wellhead sites. Workers and

regulators also cited spills of flowback water due to equipment failure as a major

concern, with regard to the welfare of both workers and the general public, as these spills

“occur more frequently than any other scenario examined in this study.”
1049

• April 26, 2018 – There were 63 deaths in oil and gas extraction in 2016, as reported in the

2018 edition of the AFL-CIO report, Death on the Job, The Toll of Neglect. The fatality

rate for the overall mining sector, which includes oil and gas extraction, was 10.1 per

100,000 workers, nearly three times the national average. These 63 deaths in oil and gas

accounted for 71 percent of the total number of fatal work injuries in the mining

sector.
1050

• March 21, 2018 – The trade publication, Industrial Safety & Hygiene News, published a

summary of January 2015 to February 2017 oil and gas extraction worker “incidents,”

which included 481 hospitalizations and 166 amputations. The article outlined the data

gaps and limitations that make accurate tallies of severe injuries in upstream oil and gas

operations hard to calculate:

• State-run OSHA programs are not included in the count.
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• Reporting errors and underreporting are common. Based on workers

compensation data, underreporting is estimated at 50 percent; self-reported

incidents may lack crucial detail or information.

• OSHA jurisdiction does not cover incidents that occur on public streets,

highways, or during commuting.

• Trucking/hauling related incidents may be listed under other [National

Association of Insurance Commissioners] codes.
1051

• December 6, 2017 – Two occupational fatalities and numerous injuries resulted from

explosions and fires along oil and gas pipelines in Colorado in the time since two men

were killed at home from such a blast in April 2016, according to a Denver Post

investigation. One contract worker was killed and two others were injured in May while

they “were changing ‘dump lines’ and ‘one or more tanks exploded,’ according to a

report filed in [Colorado Oil and Gas Conservation Commission’s] database.” Another

worker died of his burn injuries from a flash fire in November that broke out during work

on a pipeline. “The COGCC did not receive a report on this incident… because the

pipeline was a ‘gathering line’ outside the agency’s regulatory purview.” The

investigation documented additional gaps in regulatory oversight and responses to deaths

and injuries.
1052

• October 1, 2017 – An investigation by the Toronto Star, the National Observer, Global

News, and four Canadian journalism schools reported on hydrogen sulphide (H2S)-related

health threats and incidents (including one occupational death) in Saskatchewan, and

government and industry failure to prevent, warn, and respond to this threat. The more

than 50 reporters involved “examined thousands of industry and government documents,

analyzed terabytes of data and delved into dozens of freedom-of-information requests,”

documenting, for example, the existence of government data describing H2S “hotspots”

across the province, that were never released to the public despite agency deliberations.

In addition, reporters wrote,

Ministry and industry met four times between 2012 and 2014 to plot strategy,

including emergency planning zones, a public communications document, a code

of practice and a licensing regime for high-risk, single-well batteries. Those plans

were never adopted, a ministry statement confirms.

An industry salesman was killed in 2014 while taking samples. A valve broke and the

concentration of H2S in the spewed fluids, according to the company, “was estimated at

40,000 parts per million, more than enough to bring near-instant death.” The
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investigation found that four months after the death, “a secret ministry report listed 161

facilities ‘that may be in violation of (the ministry’s) sour gas emission control.’”
1053

• August 24, 2017 – NIOSH’s Fatalities in Oil and Gas Extraction (FOG) database

identified 88 fatal incidents accounting for 101 fatalities, for the year 2014. In ten of the

88 incidents, more than one worker was fatally injured. The FOG database was

established to collect detailed information about deaths related to U.S. oil and gas

extraction. The report, which represents only a portion of the deaths that occurred in the

industry due to the focus and limitations of the database, aims to provide a deeper

understanding of the circumstances of the fatalities, such as the industry group the worker

was employed by, and operations and types of activities occurring at the time of the fatal

incident. The majority of fatalities in FOG, 45 percent, involved workers employed

by servicing companies. These servicing company worker fatalities occurred throughout

oil and gas extraction operations: completions (14 fatalities), production (11 fatalities),

and well servicing, workover, or intervention (5 fatalities). The industry group

responsible for the second highest number of fatalities was drilling companies, at 27

percent, with most of those deaths occurring during drilling operations (20 fatalities).
1054

• May 30, 2017 – In a “rare, but not unprecedented” case, the U.S. Environmental

Protection Agency (EPA) opened an investigation of air emissions from two North

Dakota oil well sites where worker deaths occurred in 2012 and 2014. EPA requested

information from both companies to determine Clean Air Act compliance on the day of

the deaths. According to the E&E News report, it was not clear whether the agency was

“looking at civil or criminal sanctions.” Both workers, who were “flow testers,”

“assigned to regularly measure tank levels by hand,” were found dead near tank

hatches.
1055

(No further information could be located on this investigation.)

• April 28, 2017 – Fatality rates for oil and gas extraction workers associated with falls

increased two percent per year during 2003–2013, according to the Centers for Disease

Control and Prevention’s Morbidity and Mortality Weekly Report. These 63 fatal falls

represented 15 percent of the fatal events among this group in the time period. The

majority of those who were killed by falls worked for drilling contractors. In the vast

majority of cases, “fall protection was required by regulation, but it was not used, was

used improperly, or the equipment failed.” Authors noted several limitations of their
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report, such as the lack of information on self-employed workers and lack of detail in

some fatality reports.
1056

• April 26, 2017 – The 2017 edition of the AFL-CIO report, Death on the Job: The Toll of

Neglect, which reported on the year 2015, showed that, although the number of deaths in

the oil and gas extraction industries decreased compared to 2014 (89 compared to 144),

employment in oil and gas extraction also decreased from 613,783 in 2014 to 533,184 in

2015. The deaths in the oil and gas extraction industries “accounted for 74% of the fatal

work injuries in the mining sector.” Referring to the challenges of getting a firm handle

on statistics in this industry, the report stated that, “[f]atality rate data for the oil and gas

industry are limited, but available data during the past seven years show fatality rates in

oil and gas extraction that are four to seven times the national fatality rate.” Further,

“[n]ot surprisingly, states with large amounts of oil and gas activity also have high job

fatality rates.” Citing the continuing problem of assigning cause of death in the case of

possible inhalation of toxic fumes, the report stated, “[w]hile some deaths are

appropriately classified as inhalation deaths, others can be labeled as cardiac arrhythmia

or respiratory failure, without further investigation as to whether the health event was

induced by acute chemical exposure.” As in previous years, the report expressed concerns

about the regulatory gaps in controlling a range of potentially fatal hazards in the

industry.
1057

• February 1, 2017 – Caused by exposure to silica particles or dust, silicosis is a

progressive, autoimmune disease that scars lung tissue and restricts the ability to breathe.

Any level of exposure to respirable crystalline silica can trigger silicosis. A special report

on the history of silicosis in the Journal of Environmental Health provided background

on silicosis as a workplace threat in various industries and identified drilling and fracking

operations as a source of contemporary exposure. The report predicts a future cluster of

silicosis among well pad workers, noting that research has already identified

“unacceptable levels” of silica dust in air samples collected at fracking operations and

that workers are seldom offered appropriate respiratory equipment to prevent exposure.

Fracking “has the potential for future clusters of silicosis cases to emerge.”
1058

• February 1, 2017 – University of Tennessee Civil and Environmental Engineering faculty

investigated the occupational inhalation risks from the emissions of chemical storage

tanks in 60,644 fracking wells. They also analyzed the combined occupational inhalation

risks caused by open flowback pits and the storage tanks. They used AERMOD, the air

pollution dispersion modeling system developed by the American Meteorological Society

and EPA, and inhalation risk assessment to determine potential acute non-cancer, chronic

non-cancer, acute cancer, and chronic cancer risks. Their results showed the percentage
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of wells presenting these risks were 12.41, 0.11, 7.53, and 5.80, respectively. They also

found that the storage tanks presented the majority of the cancer risks, and the non-cancer

risks were associated primarily to the open pits. The known human carcinogen

formaldehyde was “the dominant contributor” to both acute (4,267 wells) and chronic

(3,470 wells) cancer risk. Authors also reported that volatile organic compound (VOC)

emissions from nearby wells and other on-site sources means that the data used in their

study “were lower than reported concentrations from field measurements where higher

occupational inhalation risks for exposure may be expected.”
1059

• January 19, 2017 – A group of Canadian physicians published a report documenting ten

intentional intoxications from the ingestion of fracking fluid. Each individual survived,

which the authors attribute to “[r]apid case finding and diligent contact tracing.” Their

report, published in the American Journal of Kidney Diseases, focused on this

appropriate response and treatment, but also described the “outbreak” challenge from a

public health perspective and emphasized the need for prevention education and

“requiring secure storage of these products.” Though the professions or workplaces of the

patients are not described, presumably they were oil and gas industry workers with easy

access to fracking fluid.
1060

• September 25, 2016 – A four-chapter investigative series by the Denver Post explored in

detail Colorado’s 12-year record of an oil and gas worker dying, on average, every three

months. The piece documented the obstacles present in even clarifying the occupational

mortalities owing to the differing reporting practices of the Bureau of Labor Statistics,

OSHA, and state officials. “Regulation is so disjointed that no one can even agree on the

number of workers killed on the job.” Investigating the details of the deaths through any

available records, the Post described a “regulatory vacuum,” as well as “little

consequence” to the industry when deaths (or worksite violations) occur. Worker death

circumstances examined in the piece included electrocutions, falls and collapsed

structures, crushings by equipment, explosions, and a drowning in frack sand. The Post

also identified five lawsuits over 15 years “in which workers alleged that they were

punished for reporting injuries or safety hazards.”
1061

• April 27, 2016 – According to the 2016 edition of the AFL-CIO report, Death on the Job:

The Toll of Neglect, the fatality rate for workers in the oil and gas extraction industries is

nearly five times the national average, and the states with prominent oil and gas

industries are among the most dangerous states to work. In addition, the report

emphasized, the industry has been exempted from some critical OSHA standards,

including that for carcinogenic benzene. The report also emphasized the danger of silica

dust exposure in hydraulic fracturing-related work and the significant delays in
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controlling workers’ exposures in these operations. “Oil and gas extraction is subject to

OSHA general industry and construction regulations, none of which are designed to

address the particular safety and hazards in the oil and gas industry…. The escalating

fatalities and injuries in the oil and gas extraction industry demand intensive and

comprehensive intervention,” the report stated.
1062

• April 21, 2016 – According to an updated report from the Bureau of Labor Statistics,

fatal work injuries in oil and gas extraction industries in 2014 reached a new high of

144.
1063

• February 29, 2016 – Inside Energy’s report on high rates of hydrocarbon vapor poisoning

among oilfield workers noted that an outdated reliance on manual measurements rather

than automated monitoring contributes to ongoing toxic exposures of workers. Under

federal oil and gas regulations, oil companies are effectively required to send workers “up

on oil and gas tanks to manually measure crude oil, putting them at risk.” The report

explained that the Bureau of Land Management (BLM) allows just one kind of automated

measurement. The method is expensive and uncommonly used: “there are only 1,500 in

use, compared to more than 83,000 oil tanks on federal land. By being so inflexible,

BLM’s outdated rules make it very hard to use safer oil measuring devices while making

manual oil tank measurement—which endangers workers—the most viable option for

companies.”
1064

• February 19, 2016 – The fatal injuries of a backhoe operator who struck and hit an

unmarked, high-pressure gas line in July 2015 prompted an investigation by StateImpact

in Pennsylvania. The news group noted that “there are no local, state or federal rules on

how deep the lines should be buried underground, or even if they’re buried at all. There

are no standards for building and maintaining the lines. They don’t have to be marked.

And the operator of the line doesn’t have to participate in PA One Call [a statewide

communications system for preventing damage to underground facilities], which led to

the fatality in Armstrong County.”
1065

• January 15, 2016 – In a publication in Centers for Disease Control’s Mortality &

Morbidity Weekly Report, researchers urged local and state epidemiologists and medical

examiners to not overlook hydrocarbon exposure as an underlying cause of death in gas

and oil field workers. “Health and safety professionals need to recognize and act on

nonfatal warning signs and symptoms, such as dizziness, confusion, immobility and

collapse in oil and gas workers who might have been exposed to high concentrations of
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[hydrocarbon gas vapors] and to [oxygen]-deficient atmospheres.” Only three of nine

deaths that occurred between 2010 and 2015 in the oil and gas fields west of Appalachia

were ruled by coroners to have resulted from exposure to gas vapors, although all nine

had opened hatches of storage tanks and were exposed to hydrocarbon vapors and

oxygen-deficient air.
1066

The Pittsburgh Post-Gazette quoted emeritus professor at the

University of Pittsburgh Bernard Goldstein saying, “Occupational health experts also

suspect that some deaths involving fires, falls, crashes and mishandling of equipment

have resulted from faulty judgement or ‘wooziness’ associated with hydrocarbon vapor

exposure … [b]ut that underlying factor rarely shows up in fatality reports.”
1067

• December 14, 2015 – As reported in the Guardian, the suicide rate in the Canadian

province of Alberta spiked by 30 percent spike in the first half of 2015, possibly linked to

the boom-and-bust cycle of the fracking industry. At the time of reporting, 40,000 jobs

had been lost in Alberta since the drop in oil prices in late 2014. Mental health

professionals interviewed for the report included Edmonton social worker Leonard

McEwan, who specializes in clinical crises intervention and whose patients include those

directly or indirectly employed in the oil fields, noticed a sharp increase in suicides after

the recent plunge in oil prices. As revealed in the investigative report, three in every four

Alberta suicides are male and the vast majority are under 55. Gladys Blackmore,

executive director of a mental health program that targets those employed in the industry,

believes that young, male workers “living high-risk lifestyles, often in work camps,

where they ‘fly-in/fly-out’ for up to 24 days at a time” are particularly vulnerable.
1068

• November 7, 2015 – The Denver Post reported on a “new federal database that was

developed to more precisely capture the deadly nature of oil and gas extraction.” For

Colorado, the national Fatalities in Oil and Gas Extraction (FOG) database contained two

additional oil and gas worker deaths for 2014 than did the Bureau of Labor Statistics.

“‘We knew from the Bureau of Labor Statistics data about the basics of what’s killing

workers,’ said Kyla Retzer, an epidemiologist who led the effort to compile the FOG

report. ‘We just wanted to be more in-depth in finding out what were the types of

operations and equipment were involved in these deaths.’”
1069

(See entry for August 24,

2017 above for official report.)

• November 4, 2015 – San Antonio’s Express-News Editorial Board called for specific

actions to address Texas’s status “a national leader in oil field deaths.” The Board wrote
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that federal fines are too low and unchanged since 1991 and that there is no Level 1

trauma center south of San Antonio near the region’s oil- and gas-producing counties.
1070

• September 17, 2015 – The Bureau of Labor Statistic reported that the number of fatal

work injuries in oil and gas extraction industries rose 27 percent between 2013 and

2014.
1071

• September 15, 2015 – E&E Publishing’s EnergyWire reported on the potentially deadly

risk of exposure to vapors from oil and gas field storage tanks, including deaths that were

officially attributed to cardiac arrest, though inhalation of toxic gases and lack of oxygen

played a role, as demonstrated in subsequent litigation. The reporter gave detail on the

circumstances of several of the deaths, including that of a long-haul trucker who had

heart disease and was diabetic, and whose death was classified as natural. “But he didn’t

suffer a heart attack that day, or a diabetic episode. Medical experts said he likely

wouldn’t have died outside the toxic atmosphere on the catwalk.” A Denver cardiologist

testified that “there was no other reason for him to have died that day.”
1072

(NIOSH has

subsequently targeted outreach to medical examiners to improve their recognition of this

hazard and potential cause of death; see above.)

• September 5, 2015 – In partnership with Rocky Mountain PBS I-News, The Durango

Herald reported on the oil and gas industry’s varied practices in their handling of silica

sand with regard to worker protection. In 2012 the National Institute for Occupational

Safety and Health issued an alert concerning workers at fracking sites being exposed to

silica dust at levels that exceeded occupational exposure limits. Industry has resisted

updates to the standards. The Herald report addressed technological and work practice

controls to reduce exposure on the part of some companies. Still, authors wrote, silicosis

“can hide for a decade before causing symptoms. No one knows how many oil and gas

workers may have already been exposed.”
1073

• June 29, 2015 – An investigation by the Center for Public Integrity (CPI) found that lung-

damaging silica is not sufficiently regulated to prevent silicosis (which is incurable and

has no effective treatment) or lung cancer in the workplace. Rules governing

occupational exposure to silica dust are far outdated, and advocacy efforts to tighten them

are four decades old. At particular risk, say the authors, are workers in oil and gas fields

where silica sand is used in fracking operations. Citing research by NIOSH, the CPI team
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noted that nearly 80 percent of the air samples on the well pads were above the

recommended exposure limit for silica dust.
1074

• June 15, 2015 – EnergyWire examined issues surrounding exposure to crystalline silica

from frack sand mining, which is a health concern to those living near mines and to those

working in the industry. Families living near industrial sand mining reported that their

health has been compromised by sand mine development and are concerned that

companies are not properly monitoring their extraction sites. The article noted that OSHA

is working on a new exposure rule for workers that the agency estimates would save

nearly 700 lives and prevent 1,600 new cases of silicosis annually. The oil and gas

industry is fighting the rule because of the cost associated with complying with a more

stringent permissible exposure limit. Crispin Pierce, public health researcher at the

University of Wisconsin in Eau Claire, is in the midst of a three-pronged research project

to look at the industry’s air effects. Among other findings, his project’s air monitors

around sand plants have found consistently finding higher readings than the Wisconsin

Department of Natural Resources’ reported regional values.
1075

• June 15, 2015 – In an update, NIOSH noted that silicosis death rates are rising again,

reversing an earlier, decade-long decline. In the list of job tasks with known high silica

exposures, the update named hydraulic fracturing of gas and oil wells. These results are

particularly concerning in light of earlier research showing significant under-detection of

silicosis among deceased workers with known exposure to silica dust.
1076

• June 13, 2015 – Reporting on North Dakota’s fracking boom, the Center for Investigative

Reporting found that the major oil companies have largely written the rules governing

their own accountability for accidents. Deeply entrenched corporate practices and weak

federal oversight, according to the report, have led to high injury and death rates and a

shift of assigned responsibility to others. Using data from U.S. and Canadian regulators,

the journalists verified 74 on-the-job deaths among workers in Bakken Shale drilling and

fracking operations since 2006. The actual number of deaths is likely higher than

currently reported because federal regulators do not have a systematic way to record oil-

and gas-related deaths, and OSHA does not include certain fatalities, including those of

independent contractors. The report concluded that there was too little oversight from

OSHA, that laws to protect workers were outdated, and that there was a culture of self-

regulation by the industry.
1077

• May 29, 2015 – The Centers for Disease Control and Prevention published statistics on

work-related fatalities during the fracking boom. The occupational fatality rate among
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U.S. oil and gas industry extraction workers between 2003 and 2013 remained an average

of seven times higher than among U.S. workers in general (25.1 versus 3.7 deaths per

100,000 workers per year). Within this 11-year period, the industry doubled the size of its

workforce and increased drilling rigs by 71 percent. The number of occupational deaths

increased 27.6 percent, with a total of 1,189 deaths, but it did not increase as much as the

number of workers, resulting in an overall decrease in the fatality rate of 36.3 percent.

Transportation accidents and contact with objects and equipment were the most frequent

fatal events. Evidence suggests that the increased use of automated technologies on

drilling rigs may be contributing to the decline in death rates.
1078

• April 22, 2015 – The AFL-CIO published data for job injuries, illnesses and deaths in a

national and state-by-state profile of worker safety and health in the United States,

presenting comparisons by state and industry. For the third year in a row, North Dakota

had the highest on-the-job fatality rate in the nation: 14.9 deaths per 100,000 workers, a

rate that is more than four times the national average, and which has more than doubled

since 2007. The fatality rate in the mining and oil and gas extraction sector in North

Dakota was 84.7 per 100,000, which is nearly seven times the national fatality rate of

12.4 per 100,000 in this industry.
1079, 1080

• April 10, 2015 – In a study that was inclusive of fracking-based extraction but not

specific to it, NIOSH researchers updated their investigation into the sudden deaths of

nine oil and gas extraction workers found near hatches where hydrocarbons were stored.

All nine victims died between 2010 and 2014 and were unobserved or working alone at

the time of their deaths. The first report attributed the fatalities to “inhalation of volatile

petroleum hydrocarbons.”
1081

The update noted that when workers open hatches on

production tanks, a plume of hydrocarbon gases and vapors can be rapidly released due to

high internal pressure. Exposure to high concentrations of these low-molecular-weight

hydrocarbons creates asphyxiation and explosive hazards and can have narcotic effects,

resulting in disorientation, dizziness, and light-headedness. The authors cited reports of

other sudden deaths following butane and propane inhalation, exposure to which can

induce irregular heartbeat, insufficient oxygen supply, and respiratory depression.
1082

As

reported by the Denver Post, most of the death certificates listed natural causes or heart

failure as the cause likely because medical examiners can easily miss signs of toxic

inhalation during a routine autopsy. The nomadic nature of the industry presents
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obstacles to proper training in tank handling techniques.
1083

NIOSH issued

recommendations for worker protections, including respiratory protection training and

engineering controls for remote gauging and venting.
1084

• February 15, 2015 – Burn injuries among North Dakota workers surged to more than

3,100 over the past five years as the area has become the epicenter of a massive drilling

and fracking boom, as reported by the Star Tribune. Despite the flammability of Bakken

crude oil and the danger of oil rig work, North Dakota has no burn centers, and burn

victims must be transported out of state, typically to the Minneapolis-St. Paul area some

600 miles away. The article also covered the severe, debilitating, costly, and sometimes

fatal aspects of these occupational injuries.
1085

• February 13, 2015 – NIOSH reported that while silicosis death rates declined between

2001 and 2010, silicosis deaths were still occurring among young persons aged 15 to 44

years old, indicating extremely high exposures to respirable silica dust. Among emerging

new settings that put workers at risk for silicosis, the authors named oil and gas extraction

industry workers.
1086

• January 14, 2015 – The Charleston Gazette-Mail reported that, due to an increase in

workplace deaths that has accompanied the boom in natural gas drilling and production

from the Marcellus Shale fields in Northern West Virginia, the Governor there has called

for a study aimed at reversing that trend. “Between 2009 and 2013, as the industry

boomed in the Marcellus region, 15 natural gas workers died on the job in West Virginia,

according to the federal data. During the previous five-year period, from 2004 to 2008,

three workers died in West Virginia’s oil and gas industry, according to the [U.S. Bureau

of Labor Statistics].”
1087

• January 12, 2015 – Oil and gas production employs less than one percent of the U.S.

workforce, but in the past five years it has had more than ten percent of all workplace

fatalities from fires and explosions. A review by EnergyWire of federal labor statistics

last year found the industry had more deaths from fires and explosions than any other

private industry. The only “industry” with more fire and explosion fatalities than oil and
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gas was firefighting, the report stated. These statistics are inclusive of deaths related to

fracking operations but are not specific to them.
1088

• December 26, 2014 – A report in the Houston Chronicle illustrated the difficulties oil and

gas workers encounter when injured on the job. In one case a worker fell from a rig,

injuring his head. Supervisors did not record the accident. After he became too ill to

work, he was shifted to other jobs and soon after, sent home. His daughter filed a

Worker’s Compensation claim, which was denied for “late reporting, no knowledge of

injury by employer and no medical reports.” The article noted that oilfield injuries are

generally undercounted nationally. These include injuries related to drilling and fracking

operations as well as those linked to other techniques of extraction.
1089

• December 4, 2014 – Benzene, a naturally occurring component of crude oil and natural

gas, is a known carcinogen, with no known threshold of safety. Although the American

Petroleum Institute in 1948 stated that “the only absolutely safe concentration … is zero,”

the organization since then undertook an intensive campaign to combat strict exposure

limits. An investigation by the Center for Public Integrity found that, “[f]or decades, the

petrochemical industry spent millions on science seeking to minimize the dangers of

benzene.… Taken together, the documents—put in context by interviews with dozens of

lawyers, scientists, academics, regulators and industry representatives—depict a ‘research

strategy’ built on dubious motives, close corporate oversight and painstaking public

relations.”
1090

• December, 2014 – In a report intended to inform employers and workers about the known

hazards that result from hydraulic fracturing and flowback operations, OSHA noted that

there is no publicly available worker injury, illness, or fatality data specific for fracking

or flowback operations. At the same time, more workers are exposed to fracking- and

flowback-related hazards due to the huge increase in the numbers of these operations

over the past ten years. “In light of this, OSHA has determined that additional

information concerning hydraulic fracturing and flowback operations hazards should be

provided to educate and protect workers.”
1091

• November 11, 2014 – University of Wisconsin toxicologist Crispin Pierce documented

super-fine dust drifting from facilities that process silica sand for fracking operations.

Pierce and his team detected silica dust in ambient air near frac sand operations at levels

that exceed EPA air quality standards by a factor of four. Occupational exposure to

respirable crystalline silica is linked in adult workers to silicosis, lung cancer, and
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pulmonary tuberculosis. Health threats to the general public from frac sand-related air

pollution have not yet been studied directly. One of the first investigations of silica dust

levels in the community environment, the Wisconsin study will appear next year in the

Journal of Environmental Health.
1092

(See entry for November 6, 2015 in Sand mining

and processing.)

• November 11, 2014 – A high-pressure water line ruptured, killing one worker and

seriously injuring two others during the hydraulic fracturing of an oil well in Weld

County, Colorado.
1093

• October 13, 2014 – A legal news publication described the multiple lawsuits alleging that

drilling rig workers were not made aware of and protected from asbestos in drilling muds.

“Various plaintiffs have testified that they were made to work in an environment where

there was asbestos drilling mud dust everywhere from the powder, and that no guidance

or protective gear was provided.”
1094

Breathing asbestos is definitively linked to

asbestosis, lung cancer, and mesothelioma of the pleura.

• October 6, 2014 – Toxicologist Peter Thorne, chair of University of Iowa’s Department

of Occupational and Environmental Health, warned the Winneshiek County Board of

Supervisors about potential community impacts and cancer risks of silica exposure from

sand used for fracking operations. Thorne’s ongoing investigation, which involves air

sampling, risk assessments, and inhalation toxicology studies, focuses on the public

health hazards of mining, processing, and storing sand. His team has documented spikes

in silica particulate matter related to the transport of the silica sand by rail. The study

aims to determine if mining poses an “unacceptable exposure” to the public and quantify

the level of risk. For silica-exposed workers, NIOSH continues to identify needed heath

protections. Thorne noted, “Workers handling materials should be using respirators, but

most are not.”
1095

• September 25, 2014 – The Civil Society Institute’s Boston Action Research, in

cooperation with Environmental Working Group and Midwest Environmental Advocates,

issued a report on the hazards of silica mining. The report noted that frac sand mining is

expanding rapidly in the United States and poses a little-understood threat to public

health, the environment, and local economies. Given the pace of the drilling and fracking

boom, silica extraction could spread to a dozen other states with untapped or largely

untapped sand deposits, including Illinois, Maine, Massachusetts, Michigan, Missouri,
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New York, North Carolina, South Carolina, Pennsylvania, Tennessee, Vermont, and

Virginia. The International Business Times published a summary of the findings.
1096, 1097

• August 29, 2014 – In a peer-reviewed study, NIOSH partnered with oil and gas operators

and service companies to evaluate worker exposures to, and internal uptake of, volatile

organic chemicals at six sites in Colorado and Wyoming where wells were being

prepared for production. The study found benzene in the urine of well pad workers.

Benzene is “naturally present in flowback fluids and the time spent working around

flowback and production tanks … appears to be the primary risk factor for inhalation

exposures.” In some cases, airborne concentrations of benzene exceeded the NIOSH

Recommended Exposure Limit concentrations and, in a few instances, the American

Conference of Governmental Industrial Hygienists’ Threshold Limit Value, “when

workers performed work tasks near a point source for benzene emissions.”
1098

• July 29, 2014 – As part of an investigation into the health impacts of drilling and fracking

on animal health, veterinarian Michelle Bamberger and Cornell biochemist Robert

Oswald, published an interview with a twenty-year oil and gas industry worker about his

experiences and worker safety. His account included injuries, 16-hour workdays, fatigue,

exposure to chemicals, and inadequate health and safety training. “No one out there tells

you about stuff that has latency. That is the last thing they are going to do is tell you that

something that you are handling will take you out in 20 years or 10 years or cause you

some kind of ailment, or you can potentially drag this home to your family.”
1099

• July 14, 2014 – As part of an analysis of safety and research needs associated with

drilling and fracking, researchers at the Colorado School of Public Health and the College

of Health Sciences at the University of Wyoming documented high injury and on-the-job

mortality rates among gas and oilfield workers. The occupational fatality rate was 2.5

times higher than that of the construction industry and seven times higher than that of

general industry. By contrast, injury rates were lower than the construction industry,

suggesting that injuries are underreported. Researchers documented crystalline silica

levels above occupational health standards and identified the existence of other hazards,

including particulate matter, benzene, noise, and radiation. The team called for exposure

assessments for both chemical hazards and physical hazards that lead to occupational

illness (noise, radioactivity); screening and surveillance systems to assess incidence and
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prevalence of occupational illness; industry/academic collaboration to conduct

occupational epidemiologic studies; and assessment of the effectiveness of industry

interventions to reduce exposures.
1100

• July 2014 – The British labor journal Hazards identified health concerns in the drilling

and fracking industry: increased rate of death on the job, toxic releases, silica exposure,

and exposure to hydrocarbons and endocrine disruptors. The union that organizes the

construction, rig, and transport workers, on which fracking would rely, agreed at its July

2014 national conference to lobby for a moratorium on fracking because “[d]elegates

want union members to be made aware of the dangers of fracking and be advised not to

work on fracking sites.”
1101

• June 29, 2014, and August 31, 2014 – An initial report and follow-up analysis in The

Columbus Dispatch examined fire hazards at well pads. In one notable case,

malfunctioning hydraulic tubing allowed a well pad fire in Monroe County, Ohio to

spread rapidly, prompting evacuations. Local firefighters had neither the correct

equipment nor did they know the chemicals they were trying to extinguish. One

firefighter was treated for smoke inhalation.
1102, 1103

• May 19, 2014 – Underscoring the dangerous nature of chemicals used in fracking

operations, NIOSH reported that at least four gasfield workers have died since 2010 from

acute chemical exposures during flowback operations and warned that flowback

operations can “result in elevated concentrations of volatile hydrocarbons in the work

environment that could be acute exposure hazards.” The agency further noted that such

volatile hydrocarbons “can affect the eyes, breathing, and the nervous system and at high

concentrations may also affect the heart causing abnormal rhythms.”
1104, 1105

• May 16, 2013 – A NIOSH study revealed that worker exposure to crystalline silica dust

from sand used in fracking operations exceeded “relevant occupational health criteria” at

all eleven tested sites, and the magnitude of some exposures exceeded NIOSH limits by a

factor of 10 or more. “[P]ersonal respiratory protection alone is not sufficient to

adequately protect against workplace exposures.” Inhalation of crystalline silica can

cause incurable silicosis, lung cancer, chronic obstructive pulmonary disease, kidney

1100
Roxana Z. Witter et al., “Occupational Exposures in the Oil and Gas Extraction Industry: State of the Science

and Research Recommendations: Occupational Exposure in Oil and Gas Industry,” American Journal of Industrial

Medicine 57, no. 7 (July 2014): 847–56, https://doi.org/10.1002/ajim.22316.
1101

R. O’Neill, “Chemicals, Dust and Deaths and the New Rush for Oil and Gas,” Hazards Magazine, 2014,

https://www.hazards.org/oil/fracking.htm#top.
1102

Jennifer Smith Richards, “Glitch Sparks Smoky Fire at Gas Well,” The Columbus Dispatch, June 29, 2014,

https://www.dispatch.com/article/20140629/NEWS/306299873.
1103

Laura Arenschield, “Fracking Fire Points out Failings,” The Columbus Dispatch, August 31, 2014,

https://www.dispatch.com/article/20140831/NEWS/308319916.
1104

John Snawder et al., “Reports of Worker Fatalities during Flowback Operations,” NIOSH Science Blog (blog),

May 19, 2014, https://blogs.cdc.gov/niosh-science-blog/2014/05/19/flowback/.
1105

Robert Iafolla, “Four Fatalities Linked to Used Fracking Fluid Exposure During ‘Flowback,’ NIOSH Reports,”

Bloomberg BNA, May 20, 2014, https://perma.cc/M5RY-QPZA.



260

disease and autoimmune diseases.
1106

Although community exposures distant from mines

are possible, there are no federal or state standards for silica in ambient air.
1107

• May 8, 2014 – A report by the AFL-CIO found that the fracking boom has made North

Dakota the most dangerous state for U.S. workers—with a fatality rate five times higher

than the national average—and that North Dakota’s fatality rate has doubled since 2007.

The AFL-CIO called North Dakota “an exceptionally dangerous and deadly place to

work.” U.S. Secretary of Labor Thomas E. Perez called the rising rate of workplace

deaths suffered in the oil and gas sector “unacceptable.”
1108

• April 24, 2014 – A University of Texas San Antonio report commissioned by the

Methodist Healthcare Ministries found that many oil and gas field workers in the Eagle

Ford Shale are uninsured or underinsured and that “the most noticeable health impacts so

far are work-related illnesses and injuries: heat exhaustion, dehydration, sleep

deprivation, exposure to oil and gas spills and accidents.” The study also noted that oil

and gas production has put strain on healthcare facilities.
1109

• April 10, 2014 –West Virginia University researcher Michael McCawley reported that

some of the nation’s highest rates of silicosis are in heavily drilled areas within the

Northern Panhandle of West Virginia and southwestern Pennsylvania. A disease that

hardens the lungs through inflammation and development of scar tissue, silicosis is

entirely attributable to exposure to silica dust, a known occupational hazard at drilling

and fracking operations. Two years earlier, OSHA and NIOSH issued a joint “Hazard

Alert” to warn fracking workers of the health hazards of exposure to silica dust, including

silicosis.
1110

• February 25, 2014 – A year-long investigation by the Houston Chronicle found that

fracking jobs are deadly, with high fatality rates and high rates of serious injury. Within

just one year in Texas, 65 oil and gas workers died, 79 lost limbs, 82 were crushed, 92
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suffered burns and 675 broke bones. From 2007 to 2012, at least 664 U.S. workers were

killed in oil and gas fields.
1111, 1112

• December 27, 2013 – National Public Radio (NPR) reported spiking rates of fatalities

related to oil and gas drilling operations, which had increased more than 100 percent

since 2009. NPR noted that in the previous year, 138 workers were killed on the job,

making the fatality rate among oil and gas workers nearly eight times higher than the

average rate of 3.2 deaths for every 100,000 workers across all industries.
1113

• October 30, 2012 – In a policy statement, the American Public Health Association

(APHA) asserted that, high volume horizontal hydraulic fracturing (HVHF) “poses

potential risks to public health and the environment, including groundwater and surface

water contamination, climate change, air pollution, and worker health.” The statement

also noted that the public health perspective has been inadequately represented in policy

processes related to HVHF.
1114

The policy statement added:

[H]ydraulic fracturing workers are potentially exposed to inhalation health hazards

from dust containing silica. There may also be impacts on workers and communities

affected by the vastly increased production and transport of sand for HVHF.

Inhalation of fine dusts of respirable crystalline silica can cause silicosis. Crystalline

silica has also been determined to be an occupational lung carcinogen.

• 2005 – A researcher at Stanford University examined hazards associated with oil and gas

extraction from exposure to radiation and determined that inhalation of high levels of

radon gas is a serious concern to workers and those living nearby. Because the boiling

point of radon lies between those of propane and ethane, gaseous radon (222Rn) will

concentrate in ethane and propane fractions. “Elevated Rn activity concentration values

have been measured at several processing plant sites…. It is well known that the

radiological impact of the oil and gas-extracting and processing industry is not

negligible.”
1115

• May 9, 2003 – A New York Medical College study re-evaluated the chest X-rays of

patients with exposure to silica who died from various respiratory problems and found
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that more than eight percent had undiagnosed silicosis. The study suggested that

occupational lung disease may be undercounted in high-risk occupations. The authors of

this study said that improved OSHA standards, with ongoing exposure monitoring and

medical surveillance, would significantly improve the recognition of cases and justify

more stringent preventive measures to reduce exposure. They further noted that

practitioners need skills in taking an occupational exposure history. Although ten years

have passed since this study was published, both recommendations have yet to be

implemented.
1116
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Public health effects, measured directly

By several measures, increasing evidence for fracking-related health problems has emerged

across the United States and Canada.

In multiple states, studies of pregnant women in regions of intensive unconventional oil and gas

extraction point to reproductive and developmental risks, including low birth weight, preterm

births, and birth defects. In Oklahoma, Texas, Colorado, and Ohio, birth defects were elevated

among infants whose mothers lived near drilling and fracking sites while pregnant. A 2023

study documented elevated rates of neural tube defects, spina bifida, and limb reduction defects

in Ohio infants born to mothers living near drilling and fracking sites. In Texas, mothers who

lived near active flare stacks while pregnant suffered higher rates of preterm birth. Also in

Texas, living near fracking wells during pregnancy increased risks of preterm birth, reduced

gestational age, and reduced birth weight, with Hispanic women disproportionately harmed. In

California’s San Joaquin Valley, women who lived with the highest exposure to oil and gas

wells in early pregnancies were eight to 14 percent more likely to experience preterm births. A

2019 study in Oklahoma found evidence that drilling and fracking activities harm infant health

by several measures. In British Columbia, pregnant indigenous women living near fracking

sites had elevated levels of developmental toxicants, including barium and strontium, in their

hair and urine.

Fracking has been linked to cancers in at least two states. In Colorado, children and young

adults with leukemia were 4.3 times more likely to live in an area dense with oil and gas wells.

In Pennsylvania, children living within 1.2 miles of a fracking well were 2-3 times more likely

to be diagnosed with leukemia. In Pennsylvania elevated rates of bladder and thyroid cancers

were found among residents living in areas of fracking activity. In southwestern Pennsylvania,

dozens of children and young adults were diagnosed with a rare cancer, Ewing sarcoma, as well

as other rare cancers, in a six-county area where more than 3,500 fracking wells have been

drilled.

As shown by multiple studies in Pennsylvania, as the number of gas wells increase in a

community, so do rates of hospitalization, and community members experience sleep

disturbance, headache, throat irritation, stress/anxiety, cough, shortness of breath, sinus

problems, fatigue, wheezing, and nausea. Also in Pennsylvania, hospitalizations for pneumonia

among the elderly are elevated in areas of fracking activity.

Drilling and fracking operations in multiple states are variously correlated with increased rates

of asthma; increased hospitalizations for pneumonia and kidney, bladder, and skin problems;

high blood pressure; elevated motor vehicle fatalities; symptoms of depression and anxiety;

ambulance runs and emergency room visits; and incidence of sexually transmitted diseases. An

emerging body of evidence from multiple states links fracking to increased risk of death and

increased rates of heart attack, ischemic heart disease, and heart failure among older residents

living nearby.

Benzene levels in ambient air surrounding drilling and fracking operations are sufficient to

elevate risks for future cancers in both workers and nearby residents, according to studies.

Animal studies show numerous threats to fertility and reproductive success from exposure to

various concentrations of oil and gas chemicals at levels representative of those found in
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drinking water. At least 43 chemicals used in drilling and fracking operations are classified as

known or presumed human reproductive toxicants, while 31 others are suspected human

reproductive toxicants. Two dozen chemicals commonly used in fracking operations are known

endocrine disruptors that can variously disrupt organ systems, lower sperm counts, and cause

reproductive harm. Endocrine disrupting chemicals have also been identified in fracking

wastewater. Tissue culture and animal studies show endocrine-disrupting effects in response to

exposures to mixtures of fracking chemicals that reflect concentrations found in fracking

wastewater.

• May 8, 2023 – Using air quality data from six government monitors, a study in

northeastern British Columbia examined the relationship between particulate air pollution

levels (PM10 and PM2.5) at or near the homes of 92 pregnant women and proximity to

conventional oil and gas wells and wells that were fracked. The results showed that

higher density and activity of nearby oil and gas wells increased gestational exposure to

particulate matter among participants. Higher conventional well metrics (proximity,

density, and activity) were more strongly correlated with higher PM10 estimations

whereas the metrics for fracked wells were correlated with higher levels of inhalable

PM2.5 but not with PM10.
1117

• May 8, 2023 – An analysis of health impacts from air pollution due to oil and gas

production in the United States in 2016 1) used information from a US EPA emissions

database; 2) simulated the resulting PM2.5, NO2, and ozone air pollution as it dispersed;

and 3) estimated asthma and premature mortality and related economic impacts of

exposure to those pollutants at the census tract level. The research team found that air

pollution from the oil and gas sector in the United States resulted in 410,000 asthma

exacerbations, 2,200 new cases of childhood asthma, and 7,500 excess deaths, with a

mid-point estimate of $77 billion in total health impacts. Nitrogen dioxide was the

highest contributor to health impacts (37 percent) followed by ozone (35 percent) and

fine particulate matter (28 percent). The impacts were highest in, but not limited to, areas

with concentrated oil and gas production as they also extended to areas downwind, even

into states that do not have oil and gas activity themselves.
1118

• April 24, 2023 – Compared to other dog breeds, boxers and golden retrievers are at

elevated risk for developing multicentric lymphoma, a malignancy similar to non-

Hodgkin’s lymphoma in humans. A recent study sought to determine whether residential

radon and proximity to fracking operations are, in addition to breed, risk factors for the

development of pet dog lymphoma. Fifty-six boxers and 54 golden retrievers with

multicentric lymphoma were used in a case-control study. Controls without lymphoma

were matched for age, breed, and sex. Counties of residence were matched to radon zones

and percentage of home radon tests that exceeded the actionable radiation level of 4
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pCi/L from 2008-2017. Locations of horizontal oil and gas wells were obtained from the

Enverus Database. Distances from dog homes to the closest well and well density by

county were calculated for each case and control. The analysis found no significant

differences in radon zones, county level radon measurements, or residential proximity to

active fracking wells between dogs with and without lymphoma in either breed of

dog.
1119

• April 17, 2023 – A registry-based cohort study of 965,236 live births in Ohio from 2010-

2017 examined structural birth defect risks associated with proximity of maternal

residence to drilling and fracking operations. Birth defects were identified in 4653

individuals. Exposure to fracking activity was based on maternal residential proximity to

active wells within 10 kilometers (6.2 miles) the density of wells, and whether or not

there was a well upgradient of groundwater flow toward the maternal residence as a

potential pathway of exposure to pollutants. The authors accounted for a variety of

potential individual- and neighborhood-level confounders and effect modifiers. They

found that children born to women who lived within 10 kilometers of fracking sites were

13 percent more likely to have any birth defect although this difference did not quite

reach statistical significance. However, the risk of certain individual birth defects was

significantly increased. The odds of neural tube defects were 57 percent higher, limb

reduction defects 99 percent higher, and spina bifida 93 percent higher. The highest risk

was associated with potential drinking water exposure from an upstream source within 10

km. The odds of hypospadias in boys was reduced by 38 percent in those whose birth

home was within 10 km of a fracking site. The authors speculate that this latter finding

could be due to exposure to androgenic chemicals previously identified in fracking waste

water. The results corroborate some findings in other studies.
1120

• March 6, 2023 – A study in the Marcellus Shale region of northern Pennsylvania and

southern New York examined trends in hospitalizations for illnesses plausibly related to

air pollution from drilling and fracking operations among older people as fracking

activity rapidly increased in Pennsylvania after 2009. Using 2002-2015 Medicare claims,

the authors took advantage of the stark difference in fracking activity between

Pennsylvania, where the practice became widespread beginning in 2008, and New York,

where the practice was and remains banned. The team selected three northern

Pennsylvania counties to serve as the exposed areas and two unexposed neighboring

regions in New York as controls. For each region, from 2002 to 2015, they identified the

numbers and trends for hospitalization with acute myocardial infarction (heart attack),

chronic obstructive pulmonary disease, bronchiectasis, heart failure, ischemic heart

disease, and stroke among adults aged ≥65 years. The authors examined the differences

in hospitalization rates for these conditions among the three regions before fracking

began in Pennsylvania and then followed the numbers and trends in the following years

with increasing exposure to fracking activities. They found that from 2002-2008 the rates
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of hospitalizations for these illnesses and their trends were similar in the Pennsylvania

and New York regions. But soon after 2009, the trends began to diverge. In New York,

the trends for heart attack and heart failure continued downward, while they began to

increase in Pennsylvania where fracking intensity increased. For heart attacks, the

association between hospitalization rates and fracking grew consistently larger between

2012 and 2015 in Pennsylvania. In 2015 alone, Pennsylvania counties had an additional

11.8, 21.6, and 20.4 hospitalizations for acute myocardial infarction, heart failure, and

ischemic heart disease, respectively, per 1000 Medicare beneficiaries than would have

been expected without fracking. The team did not find an association between fracking

and chronic obstructive pulmonary disease or stroke.
1121

• February 1, 2023 – Researchers in Broomfield, Colorado studied health symptoms in

residents where oil and gas fracking operations had rapidly developed close to residential

neighborhoods. A survey of 3,993 randomly selected households investigated any

association between living near wells and frequency of a variety of health-related

symptoms. Homes were within 1 mile of well pads, within 1–2 miles, or more than 2

miles away. Response rates to the survey for the three distance bands were similar.

During the survey, 30 wells were in the production phase, 21 in the pre-production phase,

and 33 had no activity. The research team found no differences in unadjusted analysis of

self-reported health symptoms by setback distance. However, after adjusting for a

number of individual and family-related variables, symptoms trended higher as the

distance to the wells decreased. This association was particularly apparent for upper

respiratory, lower respiratory, and gastrointestinal symptoms. There were no differences

in reports of mental health or neurological symptoms.
1122

• December 23, 2022 – A study of exposure to trace elements, many of which are known to

be released in fracking wastewater, was undertaken in 85 pregnant women living in

northeastern British Columbia where fracking development has rapidly increased in the

past 15 years. The researchers found elevated urinary levels of barium, cobalt, copper,

manganese, selenium, strontium, and vanadium when compared to reference populations

in Canada or the United States. These findings suggest that people living near fracking

wells could be exposed to elevated levels of contaminants, conceivably introduced into

ground- or surface-water by hydraulic fracturing, and raise concerns about potential

impacts in the developing fetus.
1123

• December 2, 2022 – A Texas statewide population-based cohort study of birth defects,

identified through two different birth defect registries, examined associations between
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multiple exposure measures of oil and gas extraction and odds of congenital anomalies.

Birth outcomes of mothers who lived within 5 kilometers (3.1 miles) of an oil or gas well,

combined with intensity of activity at the well(s), were compared to birth outcomes in an

otherwise similar group. The study found a 25 percent increased risk of having a child

with any birth defect, when using proximity to well site, well site count, gas production,

and produced water as exposure measures. For cardiac and circulatory anomalies, the

association was particularly robust and consistent for all measures of exposure.

Associations were smaller and less consistent for oil production. The authors

hypothesized that the agents responsible for this association may include hazardous fluids

associated with various steps in the production process; pollutants from diesel truck

traffic; flaring; and naturally occurring radioactive material that is pumped from the

ground.
1124

• October 17, 2022 – A population-based, case control study in Germany examined the

relationship between residential proximity to an oil or gas well and the likelihood of

being diagnosed with a hematologic malignancy in adulthood. The study included 3,978

cases and 15,912 similar controls without malignancy. Residential proximity to oil or gas

wells at the time of diagnosis was used as the exposure measure. Proximity to main

roadways and agricultural land were considered potential confounders. Cases were not

contacted so individual smoking history, occupation, and nutrition were unknown. The

study found no association between residential proximity to oil or gas wells for all

hematologic malignancies. When stratified by subtype, the odds of acute myelogenous

leukemia was 34 percent higher, although this difference was not statistically significant.

When stratifying by gender, the odds of malignancy was 50 percent higher in women

living near wells than in controls. When the analysis was limited to gas production sites

only, the odds of hematologic malignancy were 50 percent higher in people living within

one kilometer (.62 miles) of a well.
1125

• October 3, 2022 – Most of the evidence of negative impacts of natural gas development

on infant health comes from high-producing states in the United States. To expand the

generalizability of the findings, a cross-sectional study examined associations between

proximity to natural gas development and county-level birth outcomes, overall and by

race/ethnicity, in all states where gas drilling takes place. The study included 33,849,409

births from the 28 states with any natural gas extraction—conventional and/or

unconventional—from 2005 to 2018. The analysis examined birth outcomes associated

with the distance between the population-weighted center in each county and the nearest

well, combined with its production levels. Overall, prenatal proximity to natural gas

extraction activity was associated with increased adverse birth outcomes. A 10 percent

increase in gas production in a county was associated with a small decrease in mean birth

weight (1.48 grams). The association was larger in women of color—a 10 percent
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increase in gas production decreased birth weight for infants born to Black women by

10.19 grams and Asian women by 2.76 grams. Increases in gas production were

associated with slightly increased gestational age, particularly for infants born to Black

women, a finding inconsistent with prior literature showing gas production associated

with an increased risk of preterm birth. This study used county-level data for both birth

outcomes and distance from each well and is, therefore, not as granular as others that are

able to examine the association between individual birth outcomes and residential

distance from the nearest well.
1126

• August 17, 2022 – A well-designed study in Pennsylvania found that children whose

birth residence was within 2 kilometers (1.2 miles) of a fracking site were 2-3 times more

likely to be diagnosed with acute lymphoblastic leukemia between ages 2-7 years than

otherwise similar children who were not living near fracking sites. While those living

within two kilometers faced the highest risk, leukemia levels among children were

elevated as much as 10 kilometers (6.2 miles) from a well, raising questions about safe

setback distances. The study included 405 children with leukemia identified through the

state cancer registry and considered prenatal, perinatal, and postnatal time periods as

potential windows of susceptibility to fracking-related exposures. Similarly, increased

odds of acute lymphoblastic leukemia were also seen when fracking wells were located

upstream and groundwater flow toward the residence was considered as a potential

pathway of exposure. These findings suggest that contaminated drinking water could be

an important risk factor.
1127

• April 4, 2022 – A 2022 Canadian study in rural Alberta found that babies born to mothers

living within 6.2 miles (10 kilometers) of one or more fracking wells had increased

incidence of low birth weight, premature birth, and major congenital abnormalities. This

study included nearly 35,000 pregnancies over a six-year period, 2013-2018.
1128

• January 30, 2022 – A research team working in Pennsylvania found “consistent and

robust evidence that drilling shale gas wells negatively impacts both drinking water and

quality of infant health.” Using exact geographic locations of mothers’ residences, gas

wells, and public drinking water sources—as well as dates of infant births, timing of

drilling and fracking activities, and water measurements—the team showed that shale gas

operations near mothers’ homes raised levels of contaminants in drinking water and

raised the risk for preterm birth and low birthweight.
1129
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• January 22, 2022 – Using data gathered from more than 15 million Medicare recipients

and records from more than 2.5 million gas and oil wells, a Harvard University research

team found that older citizens (65 years old and up) living near wells were at higher risk

for dying earlier than those who lived in areas without fracking. Furthermore, those living

downwind from fracking wells were more likely to suffer premature death than those

upwind.
1130

• January 20, 2022 – A research team that included First Nations investigators found that

the air inside the homes of 85 pregnant women living close to fracking operations in

British Columbia had higher levels of volatile organic compounds, including chloroform

and acetone, compared with the general population. Further, greater well density was

linked to increased exposure. Proximity to fracking operations was inconsistently linked

to preterm birth and smaller birthweights.
1131

• January 6, 2022 – A retrospective cohort study in north central West Virginia

documented a rise in cases of a rare autoimmune disease (ANCA-associated vasculitis) in

areas of fracking activity and during a period of time in which gas extraction through

fracking was increasing. Previous research demonstrates that environmental exposure is

implicated in the pathophysiology of this disease.
1132

• December 13, 2021 – A study led by Oregon State University researchers of more than 3

million pregnant women in Texas showed that living near an active oil or gas well

increased the risks for both gestation hypertension (high blood pressure) and eclampsia

(onset of seizures or coma during pregnancy or childbirth). “Among pregnant women

who reside within 1 km of at least one oil or gas drilling site, we find 5% increased odds

of gestational hypertension and 26% increased odds of eclampsia.”
1133

• April 17, 2021 – A Stanford, Berkeley, and Columbia medical and public health science

team identified a link between fracking-related air pollution and migraine headache as

part of a study of long-term exposure to nitrogen dioxide (NO2) and methane from

industrial “super-emitters.” One of two categories of methane super-emitters in the study

included power plants, refineries, oil and gas production sites, wastewater treatment

facilities, and oil and gas distribution infrastructure, such as compressors stations and

distribution lines. The study also found that living within ten kilometers of any active oil

and gas well was associated with increased frequency of outpatient neurologist visits,

frequency of migraine-specific urgent care visits, and odds of at least one migraine-
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specific emergency room visit per person-year of follow-up. (This measurement takes

into account the number of people in the study and the amount of time each person is in

the study.) This study, the first to uncover a potential link between exposure to methane

super-emitters and migraine, used a Northern California electronic health record data set

of nearly 90,000 migraine cases between 2014 and 2018 and compared them to matched

controls. It also documented a link between annual average NO2 and fine particulate

matter exposure and migraine headache severity. In addition to emitted air pollutants as

risk factors, authors also noted that super-emitters such as oil and gas wells produce noise

pollution, and both noise and odors are consistently linked with migraine headache.
1134

• March 31, 2021 – Fracking operations shorten lifespans and otherwise represent

significant risks to the public health in Oklahoma, according to a unique study using a

comprehensive health profile of the population across 76 counties, over twenty years

(1998–2017). This research demonstrated that an increase in the number of fracking wells

in a county has a detrimental effect on life expectancy. On average, a one percent

increase in the number of fracking wells in a county leads to a 4.2 percent reduction in

life expectancy. Researchers found analogous trends with other health outcomes. A one

percent increase in the number of fracking wells led to a 7.9 percent increase in cancer

incidence, a 7.3 percent increase in cardiac diseases, and a 5.9 percent increase in

respiratory diseases. Researchers recommended that policymakers “dismiss fracking as a

viable option and promote energy technologies that can have less harmful effects on

health,” and that “the public health risks results presented in this study can be beyond any

effective regulation in which case prevention becomes a major policy option.”
1135

• March 29, 2021 – Living near urban oil drilling sites in South Los Angeles was linked

with reduced lung function among residents in a community-driven epidemiological

study led by a University of Southern California and Occidental College team. The

researchers obtained 747 valid spirometry tests of residents living less than 1000 meters

from two oil well sites (one active, one idle) in the Las Cienagas oil field, measuring

FEV1 (forced expiratory volume in the first second of exhalation) and FVC (forced vital

capacity). These are measures of lung capacity and lung strength, and they are both

predictors of serious health problems, as well as of early death. The study found that

living fewer than 200 meters from oil operations was associated with on average −112

mL lower FEV1 and −128 mL lower FVC compared to those living more than 200

meters from the sites. Further, residents living downwind and less than 200 meters from

oil operations had on average −414 mL lower FEV1 and −400 mL lower FVC, compared

to residents living upwind and more than 200 meters away from the wells. Researchers

adjusted for factors including but not limited to proximity to freeway, smoking status,

and asthma status. Researchers wrote that the impacts on lung function they found among

non-asthmatic participants indicated that the drilling “may have adverse effects on
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otherwise healthy people.” A second part of the study, which included the collection of

self-reported acute health symptoms, indicates that residents living near the active drilling

site had a greater prevalence of symptoms, including wheezing, sore throat, chest

tightness, dizziness, and eye or nose irritation compared to residents near the idle well

site. Authors said that their urban findings are similar to those found in studies of rural

residents near gas fracking sites. The area where this study was situated “is among the top

10% most disproportionately-environmentally burdened in the state.”1136 In media

coverage addressing a failed state legislative effort to enact 2,500-foot buffer between

drilling sites and schools, home and playgrounds, lead study author Jill Johnston of USC

said that the link between worse lung function and the drilling sites found in the

communities where her research took place “shows this is a real public health hazard.”1137

• March 1, 2021 – High levels of fracking-related chemicals were found in the bodies of

residents living in five southwestern Pennsylvania households located near fracking

operations. None of the households included smokers and each included at least one

child.
1138

An investigative journalist and her colleagues with Environmental Health News,

in consultation with scientific advisors, collected 59 urine samples, 39 air samples, and

13 water samples, which were subsequently analyzed in a University of Missouri lab.

(Raw data by family and compound is available in the referenced link.)
1139

This pilot

study was the first to document the body burden of fracking-related chemicals in

Pennsylvanians and represents one of very few biomonitoring studies of these chemicals.

Findings included very high levels of chemicals known to be released from fracking sites

in the bodies of a family living within 1.5 miles of six wells. This family had benzene,

toluene, naphthalene, and 15 other chemicals in their urine samples. These chemicals are

all known to have negative health impacts, including reproductive harm and cancer risk.

A biomarker for toluene in a 9-year-old child in the family was 91 times as high as that of

the average American. Each of the family’s sample levels exceeded the U.S. 95th

percentile for mandelic acid, a biomarker of ethylbenzene and styrene, and more than half

of the family's samples exceeded the U.S. 95th percentile for phenylglyoxylic acid,

another biomarker for ethylbenzene and styrene, as well as for trans, transmuconic acid, a

biomarker for benzene. These U.S. percentiles for comparison were drawn from the

Centers for Disease Control and Prevention's National Health and Nutrition Examination

Survey. Overall, families in the investigation that lived closer to fracking operations had

higher levels of several chemicals than those living further away. Highlighting this

investigation, 35 members of the Pennsylvania House and Senate responded by publicly
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requesting that the Pennsylvania governor “direct adequate funding to thoroughly study

the full and complete health impacts of fracking.”
1140

• February 11, 2021 – An investigation of fracking and heart attack risk found that long-

term exposure to fracking operations was associated with increased acute myocardial

infarction (AMI) hospitalization rates and increased AMI death rates in a study that

compared Pennsylvania and New York counties atop the Marcellus Shale, from 2005–

2014. This study design was made possible by the natural experiment created by New

York’s statewide ban on fracking and the opposing decision by Pennsylvania to pursue

shale gas extraction enthusiastically. Specifically, one hundred cumulative fracking wells

drilled in a county was linked with 1.4–2.8 percent increases in AMI hospitalizations,

depending on age and sex, and with a 5.4 percent increase in AMI deaths among men age

45 to 54. Of these findings, the authors wrote, “To put this into perspective, three

Pennsylvania counties – Bradford, Washington, and Susquehanna… – each had over a

thousand unconventional wells by the end of 2014, with hundreds more drilled since

then. Not coincidentally, these three counties are the ones with the most individual

cardiovascular health complaints submitted to the Pennsylvania Department of Health

between 2011 and February 2018.” Noting that their findings are consistent with a few

previous studies on fracking and cardiovascular hospitalizations, the authors concluded

that these results “suggest that bans on hydraulic fracturing can be protective for public

health.”
1141

• December 15, 2020 – A major study published in the Journal of the American College of

Cardiology documented a link between fracking and heart failure. Using a case-control

analysis and data on more than 12,000 patients from health records in an integrated health

system across the state of Pennsylvania, researchers from Johns Hopkins University

found that heart failure patients living near fracking sites were significantly more likely

to become hospitalized. The results showed strong associations between fracking activity

and two types of heart failure, with older heart-failure patients particularly vulnerable to

adverse health impacts from fracking activity. Heart failure patients exposed to the

highest intensity of fracking activity were more likely to be hospitalized for heart failure

compared with those who were in the lowest intensity of exposure.
1142

“These

associations can be attributed to the environmental impacts of fracking, including air

pollution, water contamination, and noise, traffic, and community impacts” with possible

underlying mechanisms including systemic inflammation, autonomic dysfunction,
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prothrombotic pathways, and epigenomic changes, all of which are known to contribute

to heart failure.
1143

• November 24, 2020 – Pregnant women living near fracking sites in Texas had increased

risk for serious birth defects in their infants, including neurological defects, heart defects,

and gastroschisis, according to a case-control study that compared nearly 53,000 cases

with birth defects to 642,399 controls, from 1999 to 2011. Gastroschisis is an abnormality

of the abdominal wall that allows the baby’s intestines (and sometimes other organs) to

protrude outside of the body. Specifically, researchers found links between maternal

addresses within one kilometer (0.6 miles) of the highest fracking site density and the

following birth defects: anencephaly, spina bifida, gastroschisis (for births from older

mothers), aortic valve stenosis, hypoplastic left heart syndrome, and pulmonary valve

atresia or stenosis. Based on these geographic patterns, the research team suggests that

neural tube defects may be linked to “acute, frequent, and concentrated airborne

exposures from high-intensity” fracking activities. Almost always fatal, anencephaly is a

neural tube defect in which a large part of the skull is absent along with parts of the brain;

spina bifida is a neural tube condition that affects the spine and spinal cord and can create

paralysis. In addition, researchers found significant increased risk of congenital heart

defects at all three maternal address distances to fracking that the study analyzed, radii of

of 1, 3, and 7.5 kilometers. Because this type of risk was consistent across the three

different distances, the researchers suggest that exposures linked with congenital heart

defects might be due to groundwater contamination of a public supply serving an

extended geographic area. An additional component of the study showed an increased

risk for ventricular septal defects and atrial septal defects over time, possibly reflecting

the increasing fracked well numbers around the state. Researchers wrote that their study

supports previous research investigating fracking and birth defects, and that their analyses

suggest that vulnerable populations near fracking sites, particularly minority and lower

socioeconomic status (terms used by the authors) mothers, may be at greater risk for birth

defects.
1144

• November 20, 2020 – A study appearing in the journal Public Health Nursing found a

correlation between oil development and gonorrhea rates in North Dakota between the

fracking boom years of 2002 to 2016. Previous research has documented the link between

sexually transmitted infections (STIs) and fracking in Ohio and Pennsylvania, but,

heretofore, North Dakota has been far less studied. A second part of the study evaluated

the state’s public health infrastructure and ability to respond to the STI-related needs of

North Dakota’s growing transient population during that same period. Researchers found

wide-ranging deficits, including lack of primary care services, limited STI testing, limited

funding, large service areas, and lack of confidentiality. The authors recommended

expanding the role of public health nurses in North Dakota to implement STI screening,
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which would allow for comprehensive reporting and treatment. This study documented

increased STI rates across the state during the fracking boom without evidence of greater

infection rates in oil-producing counties than in others. Authors posit this is due to factors

unique to North Dakota such as the public health infrastructure deficits mentioned above,

as well as factors such as workers traveling to oil-producing counties for work and

returning home to more urban areas, where STI rates are documented to be higher.
1145

• September 30, 2020 – In a study that corroborates earlier findings from Pennsylvania on

an association between asthma and fracking activities, researchers reported links between

childhood asthma hospitalizations and both unconventional and conventional gas

development in Texas. The team used a database of inpatient hospitalizations between

2000 and 2010, and zip code-level information including gas drilling type, production

volumes, and gas-flaring volumes. They found increasing production volumes tracked

with increased childhood asthma hospitalizations, following an exposure-response

pattern. This study found inconsistent associations with gas flaring, but the authors noted

that the available data on flaring was only “reasonable for inferring if flaring occurred,

but the relative magnitude of flaring is more difficult to determine,” and that flaring

activity peaked in 2018 (beyond the years covered in the study). Hence, this study may

have underestimated the impact of exposure to flaring. This study also has important

environmental justice dimensions. Researchers found communities with lower income

and more non-White population had higher odds of childhood asthma hospitalizations.

Authors noted, “the U.S. Department of Energy is specifically instructed to monitor the

impact of the energy sector on these communities, and the current study provides

evidence that drilling exposures seem to be inequitably distributed in Texas.”
1146

• August 18, 2020 – A modeling study that used a retrospective analysis and a novel

method to quantify exposures from fracking wells in southwest Pennsylvania found that

respiratory, neurological, and muscular symptoms tracked with cumulative well density

around residential areas. The results suggest that living in proximity to wells may be

associated with health symptoms. These findings also indicate that an estimation of

exposure that relies on proximity to fracking wells alone may be simplistic, particularly

in communities with increasing density of wells. The authors suggest that future research

should examine how the aggregation of exposures from fracking wells and potency of

exposures at the residence levels affects health.
1147

• July 15, 2020 – Maternal proximity to flaring, the open combustion of natural gas, was

linked to a fifty percent increased chance of preterm birth in a study of 23,487 birth
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records from 2012 to 2015 in the Eagle Ford Shale of south Texas.
1148

The USC and

UCLA researchers used satellite data on flaring activity to determine how much flaring

took place during the pregnancies, within five kilometers of the maternal residence. They

defined a “high” amount as ten or more nightly flare events within three miles of the

residence. The researchers statistically adjusted for other known pregnancy risks, also

including numbers of oil and gas wells in their analyses, “suggesting the effects of flaring

on the length of gestation are independent of other potential exposures related to oil and

gas wells.” In addition to the flaring exposure effects, the study also found that living

within five kilometers of oil and gas wells was independently linked to a higher chance of

preterm birth, reduced gestational age, and reduced birth weight. In this first study to

address the human health effects of flaring, offspring of Hispanic women were especially

impacted. The researchers stated that this finding suggests theirs was “the first study to

document greater health impacts associated with [oil and gas development] among

women of color.” Researchers expressed environmental justice concerns, given that

approximately 50 percent of residents living within five kilometers of an oil or gas well

are people of color. In an interview with Environmental Health News, a lead author said,

“Historically, much of the waste disposal in the U.S. is concentrated in communities of

color… One theory is that we’re seeing the same pattern with flaring, which is essentially

another type of waste disposal.”
1149

Authors called for measures to protect the health of

infants, including reducing reliance on fossil fuels.

• July 10, 2020 – Researchers found inconsistent links between density/proximity to

fracking wells during pregnancy and lower birthweight, and limited evidence of a link

with increased risk of preterm birth, in the first epidemiological study of its kind in

Northeastern British Columbia. They analyzed over 6,000 births at one hospital between

December 30, 2006 and December 29, 2016, and the density and proximity of fracking

wells in areas of 2.5, 5, and 10 kilometers (1.5, 3.1, and 6.2 miles) around the pregnant

women’s postal codes. Precise maternal addresses were not available to the researchers.

The study found increased risk of preterm birth among women in the second quartile of

well density/proximity of the 2.5-kilometer category. The researchers noted that a key

limitation was their relatively small sample size compared to other epidemiological

studies of fracking and birth outcomes, “which can decrease precision in our effect

estimates.”1150

• June 5, 2020 – San Joaquin Valley, California women who lived with the highest

exposure to oil and gas wells in the first and second trimesters of their pregnancies were

eight to 14 percent more likely to experience a spontaneous preterm birth at 20 to 31
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weeks’ gestation, according to Stanford University research.
1151

The women studied did

not have maternal comorbidities for preterm birth, such as gestational or pregestational

diabetes, gestational hypertension, and preeclampsia/eclampsia. The researchers analyzed

data on 27,913 preterm births and 197,461 comparison term births between 1998 and

2011, with data for 83,559 wells in preproduction or production during the same period,

establishing four “exposure quantiles” (no exposure up to the highest exposure). Most of

these California wells were drilled using conventional methods. The harmful birth

impacts of living near oil and gas wells were strongest among the women who were

Hispanic, Black, or had fewer than 12 years of education. In a secondary analysis, the

researchers determined that exposure to wells in preproduction was associated with

higher concentrations of particulate matter. Though they found a link between preterm

birth and exposure to both new and active wells, researchers were not able to determine

whether exposure to wells in either stage presents more risk.

• June 3, 2020 – Living near active oil and gas wells during pregnancy was found to

increase the risk of low-birthweight babies, specifically in rural areas, according to the

largest study of its kind and the first in California.
1152

The UC Berkeley-led study found

that pregnant people who lived within 0.62 miles (one kilometer) of the highest

producing oil and gas wells (more than 100 barrels of oil or the natural gas equivalent)

were 40 percent more likely to have low birth weight babies. Further, among full-term

births from mothers with the same proximity to highest producing wells, 20 percent were

more likely to have babies who were small for their gestational age. The researchers used

nearly 3 million birth certificates of babies born to mothers living within ten kilometers

of at least one active or inactive well from 2006 to 2015, in the Sacramento Valley, San

Joaquin Valley, South Central Coast and Los Angeles Basin. Mothers in the study group

exposed to high production volume had an average of 160 inactive wells and 32 active

wells within one kilometer. For urban areas, the group within one kilometer of high

production volume, compared to no exposure, showed increased odds of small for

gestational age babies. They also found modest impacts on birth outcomes linked to

proximity to inactive wells, and suggested a possible role of emissions from inactive

wells such as methane and residual off-gassing of BTEX contaminants. Certain factors

that the researchers could not take into account, such as maternal occupation, housing

quality, and indoor air quality, may have contributed to differences between findings in

rural and urban populations. Though the study could not account for maternal changes of

residence during pregnancy, researchers suggested that because they saw similar effects

across trimesters, “any bias resulting from maternal residential and occupational mobility

is likely non- differential across trimesters.” Authors concluded that prenatal exposure to

active oil and gas production using the range of conventional and unconventional

techniques employed in California was associated with adverse birth outcomes. Co-

author Kathy Tran said to the Guardian, “Because researchers don’t have direct access to
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the actual oil and gas sites, it’s hard to get a good estimate of what people actually

experience… The more in-depth exposure assessment we can get, the more we can really

understand why we are seeing the [birth outcome] effects that we see.”
1153

• May 27, 2020 – A fracking chemical called Genapol-X100 can interfere with normal

activity of the male hormones, according to research performed by University of

California toxicologists.
1154

The scientists ranked 60 fracking chemicals used in

California, based on their potential to interfere with androgens’ ability to bind with living

human cells. Their assessment found five fracking chemicals with the highest potential to

interfere with this process, subsequently identifying Genapol-X100 as a significant

androgen disruptor. In their discussion they said that exposure to these chemicals “can

affect the normal physiology of androgen pathways such as male reproduction health,”

and have other related adverse outcomes. Previous research in 2016 reported that

Genapol-X100 was used as a chemical constituent in well stimulation treatments more

than 500 times, but authors stated that the levels of this chemical in humans and wildlife

is not well documented. They wrote that their findings demonstrate this chemical “may

pose significant environmental and health risks as it noncompetitively inhibits [human

androgen receptor] and alters the expression of androgenic genes at relatively low

concentrations.”

• May 8, 2020 – A water disinfection byproduct (DBP), monohalogenated iodoacetic acid

(IAA), disrupted each major level of the female reproductive axis in an animal model

experiment by University of Illinois scientists.
1155

DPBs arise when chemicals used to for

water decontamination combine with organic material and they have been linked to

reproductive disfunction. IAA forms when iodide reacts with a disinfectant. The

researchers noted, “not only is iodide widely present in the water supply, especially in

coastal communities and those near fracking sites, but IAA has been found to be one of

the most cyto- and genotoxic DBPs.” Their study linked exposure to IAA to disruptive

expressions of key endocrine genes related to reproductive function.

• March 4, 2020 – Exposures to a mixture of fracking chemicals commonly found in

wastewater caused effects on diverse physiological systems though hormone disruption,

according to a set of coordinated studies carried out collaboratively by an

interdisciplinary team.
1156

(See also July 25, 2019 and May 22, 2019 entries below.)

These studies, conducted in laboratory animals and human tissue culture cells, used four
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different doses of a 23-chemical mixture which reflected realistic concentrations ranging

from those found in surface and ground water in fracking-dense regions, to

concentrations found in fracking wastewater. In human tissue culture cells, exposures to

the chemical mixture showed “potent antagonist activity” for the estrogen, androgen,

glucocorticoid, progesterone, and thyroid hormone receptors. In animal models,

developmental exposures “profoundly impacted” pituitary hormones, reduced sperm

counts, and altered maturation of the ovarian follicle. These exposures also altered the

mammary gland ductal density and produced precancerous lesions. Finally, exposure

additionally had effects on energy expenditure, behavior, and the immune system. The

team concluded, “Taken together, these data suggest a strong need to examine the

impacts of residential and occupational UOG exposure in humans and other wildlife in

drilling areas.”

• March 2, 2020 – University of Illinois environmental economists documented a causal

link between fracking-related trucking and fatal traffic crashes in the Bakken Formation

in North Dakota from 2006-2014.
1157

The researchers found that each additional post-

fracking well within six miles of a road segments led to eight percent more fatal crashes

and over seven percent higher per-capita costs in accidents. In their study, post-fracking

wells were those horizontal wells completed in the previous month from which post-

fracking wastewater flowback is a hauled to disposal sites. They extrapolated from their

data “that an additional 17 fatal crashes occurred every year due to the fracking

operations near the sampled 225 road segments… representing a 49% increase relative to

the 2006 baseline crash counts of the eighteen drilling counties in North Dakota.” They

noted that an increase in alcohol-involved crash drivers was most likely “due to their

vulnerability to heavier fracking- induced traffic rather than more alcohol-involved truck

drivers near the fracking sites.”

• January 27, 2020 – Pressured by families affected with rare childhood cancers in

southwestern Pennsylvania, Governor Tom Wolf announced that his administration will

spend $3 million to fund two studies to investigate the possible link between fracking and

childhood cancers. Although an initial analysis had determined no “cancer cluster”

existed in Washington County, it had had considered only three cases of the six cases

known within a single school district. Nine preschoolers and students in the Canon-

McMillan school district were diagnosed with rare cancers in the 2018-2019 school year.

The state’s chief epidemiologist, Sharon Watkins, said the results of the earlier analysis

could change after more recent data is included. The first study will review existing

literature on general health harms of fracking. The second will investigate whether young

cancer patients had higher exposures to fracking than the general population.
1158

From

2006-2017, 31 people in four counties in southwestern Pennsylvania had been diagnosed

with Ewing’s sarcoma, a rare bone cancer. This represents a 40 percent jump from 1995-
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2005, a period prior to the arrival of drilling and fracking activities in the area.
1159

(See

entry for May 14, 2019 below.)

• January 23, 2020 – Oil and gas development does not improve the “rural mortality

penalty” according to an analysis of a large sample U.S. mortality rates from 2000-2016

and county-level counts of active wells.
1160

The rural mortality penalty is the

phenomenon in which those living in rural locations have higher mortality rates than

those in suburban and urban places. This began to be the case approximately a half

century ago, increasing over time, with a further 75 percent increase between 2004 and

2016. Though fracking may increase job growth and earnings in some places, the author

concluded, “Importantly, [unconventional oil and gas development] does not seem to

improve mortality rates, suggesting that UOGE cannot address this unique problem. This

raises several questions of justice and fairness, as host communities do not seem to retain

all the potential benefits of UOGE.”

• January 9, 2020 – Rates of two sexually transmitted infections, gonorrhea and chlamydia,

were respectively fifteen and ten percent higher in Texas counties with high levels of

fracking compared to those without, in a Yale School of Public Health study.
1161

The

researchers considered the reported cases of these diseases, plus syphilis, from 2000-2016

in Texas, Colorado, and North Dakota. They sought to add to previous research on the

link between increases in migrating and/or non-local workers and increased rates of

sexually transmitted infections in host communities. Previous research took place in the

Marcellus Shale formation states. Authors wrote, “Associations between shale drilling

and chlamydia and gonorrhea in Texas are consistent with the previously observed

associations in the Marcellus Shale, and may reflect increased risk in areas with greater

drilling activity and increased proximity to major metropolitan areas.” They expressed

concern in the rise of both of these diseases; with gonorrhea due to the rise antibiotic-

resistant infections, and chlamydia because asymptomatic people may not be treated.

• October 17, 2019 – Exposure to chemicals used in oil and gas development, such as

benzene, may cause short-term negative health impacts including headaches, dizziness,

respiratory effects, and skin and eye irritation at distances from 300 to 2000 feet from a

well pad, concluded Colorado’s state-funded human health risk assessment.
1162, 1163

The

1159
Kris Maher, “After String of Rare Cancer Cases, Pennsylvania Investigates Potential Link to Fracking,” The

Wall Street Journal, December 20, 2019, sec. US, https://www.wsj.com/articles/after-string-of-rare-cancer-cases-

pennsylvania-investigates-potential-link-to-fracking-11576837802.
1160

Adam P. Mayer, “Can Unconventional Oil and Gas Reduce the Rural Mortality Penalty? A Study of U.S.

Counties,” Journal of Rural and Community Development 14, no. 4 (2019),

https://journals.brandonu.ca/jrcd/article/view/1712.
1161

Nicholaus P. Johnson et al., “A Multiregion Analysis of Shale Drilling Activity and Rates of Sexually

Transmitted Infections in the United States,” Sexually Transmitted Diseases 47, no. 4 (April 2020): 254–60,

https://doi.org/10.1097/OLQ.0000000000001127.
1162

Ed Carr et al., “Final Report: Human Health Risk Assessment for Oil & Gas Operations in Colorado” (ICF

International for the Colorado Department of Public Health & Environment, 2019),

https://www.fcgov.com/oilandgas/files/20191017-cdphe-healthimpactsstudy.pdf.
1163

Jessica Bralish, “State Health Department Publishes Oil and Gas Health Risk Study | Department of Public

Health & Environment,” Press Release (Colorado Department of Public Health & Environment, October 17, 2019),

https://cdphe.colorado.gov/press-release/state-health-department-publishes-oil-and-gas-health-risk-study.



280

study used actual emissions data from oil and gas operations in the state, to model

exposures and risks of health impacts. The study did not use actual health impacts. This

contracted assessment followed the state’s 2017 small health impacts study, which called

for further research into the possible health effects and exposures for people living close

to wells. A peer-reviewed summary of this 2019 assessment was published in the Journal

of the Air & Waste Management Association.
1164

The Denver Post reported, “While

benzene has been linked to cancer, state officials said the study, based on measuring of

emissions and computer modeling, did not find a basis for predicting long-term health

harm.”
1165

The regulating agency, Colorado Oil and Gas Conservation Commission, said

that though they were not previously involved in testing air around residents’ homes, they

will “immediately begin reviewing more strictly all industry applications to drill new

wells within 2,000 feet of homes and start measuring air emissions around industry sites.”

The study only addressed the scenario of a single well pad, not the risks for those living

near large, multi-well pads.

• October 11, 2019 – The first analysis of infant health at birth and proximity to fracking in

Oklahoma counties found a clear, detrimental relationship, by several measures.
1166

The

analysis used 590,780 birth records across all 76 Oklahoma counties, from 2006–2017.

Oklahoma’s fracking boom began in 2006. Researchers determined distance between

maternal residence and fracking wells, and their measures of infant health were total

weight, low weight, and a composite health index of overall infant health. Researchers

determined that 121,862 births took place within one kilometer of fracking wells,

148,783 births within five kilometers, 157,664 within ten, and 128,485 within 20

kilometers. The harmful effects of fracking wells on infant health were found for total

birth weight and for the composite health index. For total birth weight, the results were

significant within five kilometers and strongest within one kilometer. For the composite

health index, the findings were significant across all distances, with the strongest impact

taking place for maternal residence within one kilometer of fracking wells. These

researchers also ran comparison analyses for conventional drilling, which constituted

about 29 percent of Oklahoma drilling in the study period. They found more minor

impacts, and at distances up to one kilometer only, concluding, “These findings provide

supportive evidence to the substantial (negative) role of fracking drilling activities for

infants’ health status.”

• August 15, 2019 – Building on their previous work that considered health-related

symptoms of those living near fracking wells, researchers developed a study that added

processing plants and compressor stations, while also creating the first such study to

incorporate weather and atmospheric conditions in their exposure estimates. They
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analyzed respiratory health outcomes in a sample of 87 people living near fracking sites

who participated in a Southwest Pennsylvania Environmental Health Project data

collection project between February 1, 2012 and December 31, 2017. Seventy-two

percent of the people studied reported at least one respiratory symptom “that began or

worsened after the onset of drilling activity and could not be plausibly attributed to pre-

existing or current medical conditions, or practices such as smoking.”
1167

Forty percent

reported sore throat, 36 percent reported both cough and shortness of breath, 26 percent

reported sinus problems, and 16 percent report wheezing. Seventy-seven percent of those

studied lived within two kilometers of at least one source, 29 percent within one to nine

sources, one quarter within 10 to 19 sources, and 23 percent of those studied lived within

two kilometers of 20 or more fracking-related exposure sources. Results showed some of

the sources studied linked specifically to cough, shortness of breath, and “any respiratory

symptom.”

• July 25, 2019 – In this set of experimental studies in human tissue culture cells and

laboratory animals, exposure to a mixture of fracking chemicals was linked to potent

hormone disrupting activity.
1168

This paper presented results that were part of a set of

coordinated studies carried out collaboratively by an interdisciplinary team using four

different doses of a 23-chemical mixture, reflecting realistic concentrations ranging from

those found in surface and ground water in fracking-dense regions, to concentrations

found in fracking wastewater (see March 4, 2020 entry above and May 22, 2019 below).

In the human tissue culture cells, exposure to the mixture was linked to “potent

antagonist activity for the estrogen, androgen, glucocorticoid, progesterone, and thyroid

receptors.” In a laboratory mouse model, the fracking chemical mixture given in

pregnancy led to profound impacts on health and behavior in the developing and adult

offspring. Offspring had reduced sperm counts, altered ovarian follicle development, and

precancerous lesions. The mixture impacted energy expenditure, exploratory and risk-

taking behavior, and the immune system. The research also found immune system effects

in a frog model. Using these different model systems and demonstrating various

physiological impacts, the researchers concluded that fracking “may be an important

source of human [endocrine disrupting chemical] exposure and altered health

parameters.”

• July 23, 2019 – Researchers found 4.3 additional cases of prenatal anxiety or depression

per 100 women, among mothers who lived amid the most fracking activity during their

pregnancies, compared to those who lived around less.1169 The study included 7,715

mothers without anxiety or depression at the time of conception, who delivered their
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babies at Geisinger Health System in central and northeast Pennsylvania, between

January 2009 and January 2013. It included women who gave birth to single babies,

without serious birth defects, and of viable weight and gestational age. In the highest

quartile of the fracking activity metric developed for this study there were an average of

130 wells within 20 kilometers of the mothers’ home, compared to 10 wells for mothers

in the other three quartiles. The prevalence of anxiety or depression during pregnancy

was 15 percent in the highest quartile, and 11 percent in the lower three quartiles.

Researchers determined that the risk was greatest among low income women, among

whom there were 5.6 additional cases of anxiety or depression per 100. In this study,

researchers did not find a relationship between anxiety or depression during pregnancy

and preterm birth and reduced term birth weight, though the same team found a link

between proximity to fracking and these adverse birth outcomes.

• July 18, 2019 – Colorado mothers living in areas with the most intense levels of oil and

gas activity were 40 to 70 percent more likely to have children with congenital heart

defects (CHDs) in a study 3,324 of infants born in the state from 2005-2011.
1170

University of Colorado researchers developed a measure of the monthly intensity oil and

gas well activity around mothers’ residences from three months prior to conception

through the second month of pregnancy, including the phase of oil and gas development,

the size of well sites, and production volumes. These considerations as well as other

features of this study, such as additional checks on the infants’ diagnoses, built on

previous research documenting the link between proximity to oil and gas and CHDs.

Some of the most common hazardous air pollutants emitted from drilling and fracking

sites are “suspected teratogens that are known to cross the placenta.” CHDs are a leading

cause of developmental problems, brain injury, and death among infants with birth

defects. The four specific defects addressed were aortic artery and valve (AAVD),

pulmonary artery and valve (PAVD), conotruncal (CTD), and tricuspid valve (TVD)

defects. Authors concluded that the study provided further evidence of a link between

maternal proximity to drilling and fracking and several types of CHDs, particularly in

rural areas, where chances of an infant born with AAVD, CTD, or TVD were 2.6 to 4.6

times more likely in the high exposure group compared to the low exposure group. With

regard to urban areas, authors wrote that it is likely that other sources of air pollution

obscured possible links.

• July 12, 2019 – The driver of a tractor-trailer rig and four oil field workers riding in a

pickup truck were killed in a head-on crash along New Mexico State Route 128, one of

several highways experiencing increased crashes in “the busiest oil and gas region in the

United States.
1171

Crashes along this route, as well as New Mexico State Route 31 and

U.S. 285, have increased over the last year, as upkeep, patrols, and interventions such as
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safety corridors do not keep pace with the significant increase in traffic and driver

behavior issues brought by the fracking boom.

• June 26, 2019 – The investigative journalism organization Searchlight New Mexico

examined trends in fracking-region highway deaths, their circumstances, and community

reactions, reporting, “Locals have a new name for the section of US 285 where [local

men] Ponce and Martinez perished: Death Highway.”
1172

In 2018, there were 49 crashes,

up from 31 crashes in 2017. There were five deaths resulting from the crashes along this

highway in 2017 and two in 2018. “For local residents—especially those living in rural

areas—the combination of congestion, roads thick with truck traffic, unsafe driver

behavior, poorly maintained vehicles and deteriorating pavement can make even a routine

trip to the farm supply store a white-knuckle obstacle course.” According to research by

an Albuquerque engineering and planning firm, most of the crashes were caused by

speeding. Another group said that a scarcity of local qualified drivers, and many drivers

hired by oil companies unfamiliar with the region, are key to the problem. Finally,

government funding for needed road improvements is inadequate, according to the

Searchlight report.

• May 22, 2019 – Exposure of laboratory mice to an environmentally relevant mixture of

23 fracking chemicals altered developmental programming, resulting in changed energy

expenditure and activity in adult female offspring.
1173

Part of an ongoing set of studies

examining the endocrine disruption effects of this mixture using laboratory animals and

human tissue culture cells (see also March 4, 2020 and July 25, 2019, above), this was the

first study to examine these direct developmental effects of exposure to fracking

chemicals. Researchers exposed female mice the mixture of five weeks prior to mating,

and from the first day of gestation day to the 21
st
day postnatally. Pre- and post-natal

exposure to the fracking chemical mixture decreased total and resting energy expenditure

in some of the groups, but it was not linked with altered body weight or body

composition in the adult females. Researchers wrote that although “one would typically

expect higher body mass or fat mass to track with lower energy expenditure, this is not

always the case.”

• May 14, 2019 – A pilot study in northeastern British Columbia reported elevated levels

of barium and strontium in urine and hair samples of pregnant indigenous women living

in an area of intense fracking activity. These trace metals, released during hydraulic

fracturing, are known developmental toxicants. The researchers cited the need for

systematic water monitoring program in the region, and, following this small pilot study,

they intend to “carry out a multi-faceted study to assess exposure to contaminants

including trace metals with more precision.”
1174
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• May 14, 2019 – An investigation by the Pittsburgh Post-Gazette documented 27 cases of

Ewing’s sarcoma, a rare bone cancer that tends to strike children and young adults, in

four counties in southwestern Pennsylvania (Fayette, Greene, Washington, and

Westmoreland) that are at the heart of the Marcellus fracking boom and where more than

3,500 wells have been drilled since 2008.
1175

Six cases occurred in the same school

district. (The typical rate is 250 cases of Ewing’s sarcoma per year in the United States as

a whole.) This cancer has no known cause but does not appear to have hereditary links.

There are also high numbers of other rare cancers in the region, which is home to several

polluting legacy industries. The Post-Gazette documented ten such rare cancers

Washington County’s Canon-McMillan School District alone and tallied 13 childhood

and young adult cancer deaths in the region since 2011, including three since 2015 in the

West Greene School District. In April 2019, the Pennsylvania Department of Health

reported “no conclusive findings” of a cancer cluster in the Canon-McMillan School

District and Washington County.
1176

Subsequently, additional cases came to light, and

public calls for more comprehensive investigations continued.
1177, 1178, 1179, 1180

• April 15, 2019 – Overall, oil and gas booms had very modest effects on local alcohol

consumption in a U.S.-wide study using county-level data, but the effects varied greatly

across states and by gender.
1181

Taken as a whole, oil and gas production slightly

increased heavy drinking for males and slightly decreased binge drinking for females.

Researchers recommended that data be gathered at smaller spatial scales rather than by

county, and that hospital admissions or arrest records could provide further insight into

this question.

1175
David Templeton and Don Hopey, “Are the 27 Cases of Ewing’s Sarcoma near Pittsburgh a Cluster?,”

Pittsburgh Post-Gazette, May 14, 2019, https://newsinteractive.post-gazette.com/blog/ewing-sarcoma-cancer-

cluster-pittsburgh-washington-westmoreland/.
1176

Pennsylvania Department of Health, “Ewing’s Family of Tumors, Childhood Cancer, and Radiation-Related

Cancer Incidence Review for Washing County and Canon-McMillan School District in Pennsylvania” (Bureau of

Epidemiology, Division of Community Epidemiology, April 22, 2019),

https://www.documentcloud.org/documents/5975464-Ewings-Washington-Fmt.html.
1177

Reid Frazier, “‘Something’s Wrong Here’: Washington County Parents Want Pa. to Look Deeper at Whether

Fracking Could Be Related to Cancer Cases,” State Impact Pennsylvania, June 28, 2019,

https://stateimpact.npr.org/pennsylvania/2019/06/28/somethings-wrong-here-washington-county-parents-want-pa-

to-look-deeper-at-whether-fracking-could-be-related-to-cancer-cases/.
1178

Deb Erdley, “Southwestern Pennsylvania Residents Renew Calls for Research on Possible Health Impact of

Fracking,” October 12, 2019, https://triblive.com/local/regional/southwestern-pennsylvania-residents-renew-calls-

for-research-on-possible-health-impact-of-fracking/.
1179

David Templeton and Don Hopey, “The Human Toll-Risk and Exposure in the Gas Lands,” Pittsburgh Post-

Gazette, May 14, 2019, https://newsinteractive.post-gazette.com/childhood-cancer-pittsburgh-pennsylvania-canon-

mcmillan-pollution/.
1180

Editorial Board, “Young Lives at Stake: Rural Areas Deserve Answers on Child Cancers,” Pittsburgh Post-

Gazette, May 22, 2019, https://www.post-gazette.com/opinion/editorials/2019/05/22/childhood-cancer-pittsburgh-

pennsylvania-canon-mcmillan-pollution-rural-areas-greene-fayette-washington-

westmoreland/stories/201905220064.
1181

Adam Mayer and Shawn Olson Hazboun, “Does Fracking Drive You to Drink? Unconventional Oil and Gas

Production and Alcohol Consumption in U.S. Counties,” The Extractive Industries and Society 6, no. 3 (2019): 823–

30, https://doi.org/10.1016/j.exis.2019.04.002.



285

• January 21, 2019 – Increased hospitalizations for diseases of the genitourinary system,

such as urinary tract infections, kidney infections, and kidney stones, were “strongly and

positively associated with cumulative [unconventional natural gas] well density” in

Pennsylvania.
1182

The strongest association for the genitourinary hospitalization rates was

for women aged 20 to 64, particularly for kidney infections, stones in the ureter, and

urinary tract infections. The researchers compared yearly hospitalization rates for each of

Pennsylvania’s 67 counties with the number of new fracking wells drilled, the total

number of wells, and the density of wells by land area for each county by year, from

2003-2014. Noting that hospitalizations, in contrast with outpatient physician visits,

reflect acute illness or serious exacerbations of chronic disease, the research team pointed

out that these same health problems addressed in an outpatient setting, or not addressed at

all, were likely also rising but would not have been counted in this study. The findings

also revealed a link between cumulative gas well exposure measures and hospitalization

rates for skin problems, particularly among men aged 20 to 64.

• December 12, 2018 – University of Oklahoma public health scientists found a

significantly increased prevalence of neural tube defects among children whose birth

residence was located within two miles of a drilling and fracking site, compared to those

which were not.
1183

The researchers examined records of all 476,600 singleton births and

congenital anomalies in Oklahoma from 1997 through 2009, together with historical

location and production data on active natural gas wells for each year of the study. No

stillbirths were included in this study. Hence, as the researchers note, the link they found

would likely be an underestimate “if natural gas activity is related to severe anomalies

with high prenatal mortality.”

• December 6, 2018 – Early signs of cardiovascular disease—including high blood

pressure, changes in the stiffness of blood vessels, and markers of inflammation—

occurred more often in people who live in communities with more intense oil and gas

development, according to a study of 97 adults living in northeastern Colorado between

October 2015 and May 2016.
1184

Artery stiffness, as measured by augmentation index,

was highest among people living in areas with the greatest drilling and fracking activity,

as was systolic and diastolic blood pressure (for those not taking prescription

medications). This was the first study to evaluate, with direct measurements, indicators of

cardiovascular disease and the intensity of oil and gas activity. The results are consistent

with previous research showing increased rates of cardiology inpatient hospital admission

in these areas.
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• August 28, 2018 – The top 10 oil and gas producing counties in Colorado had higher

truck accident rates than the remaining 54 counties in an analysis by Colorado School of

Public Health researchers. Researchers also performed an additional geospatial study

technique called a “grid level analysis” using the Colorado Oil and Gas information

System (COGIS), census population information, and home locations. These results

showed that grid cells with more homes and/or wells were associated with more truck

accidents, as well as with more multi-vehicle truck accidents with an injury.
1185

• August 13, 2018 – Babies in Pennsylvania whose mothers lived near at least one gas well

during their pregnancies were at higher risk for adverse birth outcomes, according to a

study published in the Journal of Health Economics. This investigation examined state-

based data on the locations of 2,459 natural gas wells drilled between 2006 and 2010

together with restricted-access birth and mortality data for the years 2003–2010.
1186

Mothers living within 2.5 kilometers (1.5 miles) of gas wells gave birth to infants with

increased incidence of low birth weight and small for gestational age (SGA). SGA

generally increases with exposure to environmental pollution and helps determine

immediate health care needs, as well as predicting long-term adverse health outcomes. In

addition, the study found term birth weight for these infants was lower on average, and

the prevalence of APGAR scores less than eight was increased by 26 percent. APGAR

scores are used to evaluate the health of infants immediately after birth. This study builds

on growing evidence that air pollution from shale gas development damages infant health

and stands out for thoroughly controlling for predictors of infant health and for estimating

the extensive and intensive margins of drillings. Within the intensive margin (which

includes an estimation of the impact of well density), one additional well was associated

with a seven percent increase in low birth weight, a five gram reduction in term birth

weight, and a three percent increase in premature birth. Each of these adverse outcomes

carries high associated medical costs. The author conservatively estimated the added cost

associated with one low birth weight infant to be $96,500 in the first year alone, not

counting any loss of parent income. The author noted that these impacts are “likely to

persist throughout these children’s lives.”

• August 10, 2018 – A study of Pennsylvania counties focusing on the period 2003–2012

found that counties with fracking activities have higher rates of gonorrhea and chlamydia

infections (up 7.8 percent and 2.6 percent, respectively), as well as a 19.7 percent higher

rate of prostitution-related arrests.
1187

Authors found no evidence that confounding

factors such as opioid prescription rates, viral hepatitis deaths, or drug abuse arrests

influenced these results. These findings provide “strong evidence that unconventional or

shale gas development poses significant risks to public health and that unconventional or
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shale gas development has policy implications beyond the economic and environmental

impacts often cited.”

• July 28, 2018 – Road fatalities in the Permian Basin region of west Texas have risen and

fallen with the price of oil, according to an investigative piece in Bloomberg using New

York Mercantile Exchange and Texas Department of Transportation data.
1188

Interviewees in the article pointed to inexperienced and exhausted drivers, sinkholes,

oversized trucks on roads not designed for the amount of traffic they now carry, and other

factors as reasons for the ongoing fatalities.

• July 27, 2018 – In this study of almost 5,000 Pennsylvanians, a team of medical and

public health scientists found a link between living closer to more and bigger

unconventional shale gas wells and increased symptoms of depression. This is the first

epidemiologic study to address a mental health outcome with regard to proximity to

fracking and related operations. The researchers combined information from a mailed

questionnaire, electronic health record data, and residential proximity to more and bigger

wells, using well data from three agencies. Size of wells was ascertained by combining

data on total well depth and volume of natural gas produced. Researchers concluded that

drilling and fracking activities “may be associated with adverse mental health in

Pennsylvania” and called for including potential mental health consequences in future

risk-benefit calculations.
1189

• June 21, 2018 – Using individual inpatient data for the whole state of Pennsylvania from

2003 through 2014, researchers found consistent associations between childhood asthma

hospitalizations and nearby drilling and fracking activity. When they compared

unexposed children to children in the top third of patients exposed to shale gas drilling,

the research team found that, during the same calendar quarter a gas well was drilled, the

odds of children and adolescents being hospitalized for asthma increased by 25 percent. If

there was ever a well drilled within a zip code, the odds of these pediatric asthma-related

hospitalizations increased by 19 percent. This finding demonstrates that the increased risk

remains for years after wells are drilled.
1190

This study is notable because it is the first to

control for 180 pre-existing respiratory health risks. Researchers also considered specific

air emissions from drilling and fracking sites. They found that increased levels of 2,2,4-

trimethylpentane, carbon dioxide, formaldehyde, nitrous oxide, volatile organic

compounds (VOCs), and x-hexane were associated with increased risks of pediatric

asthma hospitalizations across age groups, as well as links for younger children to

additional pollutants.
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• May 21, 2018 – Using the most stringent classification within and across countries

internationally, researchers examined reproductive toxicity among chemicals used in

drilling and fracking operations for oil and gas. They found that 43 chemicals are

classified as known or presumed human reproductive toxicants, while 31 others are

suspected human reproductive toxicants. The team, which included Yale School of

Medicine and School Public of Health researchers, further analyzed the 43 reproductive

toxicants for their carcinogenic and mutagenic properties and found that seven

reproductive toxicants doubled as carcinogens and mutagens. They are potassium

dichromate, cadmium, benzene, ethylene oxide, nickel sulfate, N,N-dimethylformamide,

and lead. Of these, benzene and lead are found in both fracking fluid and in fracking

wastewater. Researchers noted that their study was limited to 157 chemicals previously

identified as having evidence of reproductive toxicity, which is only a fraction of the

more than 1000 chemicals identified as being present in fracking fluid, fracking

wastewater, and fracking-related air emissions. They recommended that their framework

be extended to all those chemicals.
1191

(See also entry for January 6, 2016 in Water

Contamination.)

• May 1, 2018 – In a laboratory study, prenatal exposure to fracking-related chemicals

triggered immune problems in mice, especially females. All three immune system

illnesses tested—a house dust mite-induced allergic disease, influenza A virus, and a

disease similar to multiple sclerosis—were impaired in mice exposed in the womb to a

mixture of fracking chemicals.
1192

Using a chemical mixture “laced with chemicals at

levels similar to those found in groundwater near fracking sites” and already

demonstrated to have harmful developmental and reproductive effects, the researchers

found sex-linked effects.
1193

The exposed female mice showed more severe damage to

their immune systems and ability to resist disease. In addition, the multiple scleroris-like

disease, experimental autoimmune encephalomyelitis, developed earlier and more

severely in female mice as compared to male mice. Authors concluded, “These

observations suggest that developmental exposure to complex mixtures of water

contaminants, such as those derived from [drilling and fracking] operations, could

contribute to immune dysregulation and disease later in life.”

• March 23, 2018 – Yale University public health scientists investigated possible

connections between shale gas drilling and sexually transmitted diseases in Ohio. They

found that, compared to counties with no shale gas activity, counties with high activity

had 21 percent increased rates of chlamydia and 19 percent increased rates of
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gonorrhea.
1194

They classified all 88 counties in the state as having none, low, and high

shale gas activity in each year from 2000 through 2016, using Ohio Department of

Natural Resources data. Their findings showed magnitude of effect for the association

with gonorrhea that is similar to a prior analysis, adding strength to observed

associations. Speaking to the Columbus Dispatch, the lead author noted, “Although there

has been a decrease in new permits in recent years, [sexually transmitted infection] rates

continue to climb because once a disease is introduced… it can be exchanged within the

communities even after the workers leave.”
1195

• March 20, 2018 – In the Texas Barnett Shale, women with homes within a half-mile

radius of the most dense gas drilling activity or gas production activity at the time of their

child’s birth had, respectively, 20 percent and 15 percent higher risk of preterm birth,

compared with women with no such activity near their residence. The greatest proximity-

related risk was for extremely premature births (prior 28 weeks’ gestation): mothers

living near the densest drilling activity and the densest production activity were,

respectively, 100 percent and 53 percent more likely to give birth to extremely premature

babies.
1196, 1197

For purposes of this study, the drilling phase included drilling of the

wellbore, installation of casing, and fracking, whereas the production phase, which can

last for years, included the flowback of gas, condensate, and produced water, as well as

possible on-site storage of these materials. Researchers noted that they did not have

access to information that would have allowed more refined classification of phases. The

study included 13,332 preterm birth cases and 66,933 term births in the 24-county

Barnett Shale region between 2010 and 2012. The study also addressed trimester-specific

differences in risk, finding little evidence for that factor. (See also entry for September

19, 2017.)

• March 13, 2018 – A research team found higher rates of hospitalizations for pneumonia

among individuals ages 65 and older in Pennsylvania counties with drilling and fracking

operations compared to those without. This result is consistent with other studies

reporting links between respiratory problems and air pollution. This study, which used

enhanced county-specific data from 2001 to 2013, expands on earlier research in its

geographical reach and longer time horizon. The research team also found higher average

hospitalization rates for other air pollution-sensitive diseases (acute myocardial

infarction, chronic obstructive pulmonary disease, asthma, and upper respiratory

infections) in counties containing unconventional natural gas wells than in those without
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wells, but those links were not as strong statistically as for pneumonia among the elderly.

Noting that their study design may actually underestimate the impact of natural gas

development on pneumonia, the research team stated that their study “helps establish a

consistent link between unconventional natural gas extraction and higher rates of

disease.”
1198

• February 7, 2018 – Female mice exposed to a mixture of 23 fracking chemicals during

early life developed dose-specific abnormalities in their mammary glands. The

researchers saw changes in tissue morphology, cell proliferation, “and the induction of

unique intraductal hyperplasias.”
1199

(Intraductal hyperplasia is an overgrowth of cells

that is considered a marker for future breast cancer risk.) Researchers used four doses; the

lower two used were equivalent to concentrations found in drinking water in fracking

regions and the highest dose represented concentrations that have been measured in

industry wastewater. Mammary gland effects varied for each the doses, but all groups

developed intraductal hyperplasia. According to a co-author, “This study shows that a

mixture of [fracking] chemicals can affect the long-term health of the mouse mammary

gland, even after low level exposures in the womb.”
1200

• January 15, 2018 – A study of urban oil drilling in two Los Angeles neighborhoods found

elevated asthma rates among residents living within 1,500 feet of oil wells. Researchers

compared diagnosed asthma rates in these areas to a representative comparison area (the

California Health Interview Survey’s “SPA6” in South Los Angeles) and to Los Angeles

County as a whole.
1201

The diagnosed asthma rates in the two study areas were

statistically significantly higher (16.1 percent and 23.6 percent) than the comparison area

(9.8 percent). Asthma prevalence in one of the two study areas was significantly higher

than that in Los Angeles County as a whole. Households with smokers were excluded

from the analysis. This interdisciplinary team worked in partnership with the local

residents to conduct this community-based survey with limited resources and urged

further studies with more complex scientific design.

• December 13, 2017 – A team of health economists analyzed fracking’s health impacts on

infants. They examined birth certificates for all 1.1 million infants born in Pennsylvania

between 2004 and 2013 and combined these data with maps showing when and where

gas wells were drilled in the state. Their results indicated that the introduction of fracking

“reduces health among infants born to mothers living within 3 km (1.9 miles) of a well

site during pregnancy.” For mothers living within one kilometer (.6 miles), they found a
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25 percent increase in the probability of low birth weight, “significant declines” in

average birth weight, as well as declines in other measures of infant health. They also

observed reductions in infant health when mothers lived within one to three kilometers of

a fracking site; these were about one-third to one-half of the declines of those mothers

living closer.
1202

The researchers estimated that “about 29,000 out of the nearly 4 million

U.S. births (0.7 percent) annually occur within 1 kilometer of a fracking site and 95,500

are born within 3 kilometers.” “For policymakers weighing the costs and benefits of

fracking before deciding whether to allow it in their communities, this study provides a

clear cost: an increase in the probability of poorer health for babies born near these sites.”
1203

• November 6, 2017 – As part of a pilot project, a team of Montreal-based public health

researchers evaluated exposure of pregnant mothers to VOCs in an area of intensive

fracking in northeastern British Columbia. At least 28,000 unconventional natural gas

wells had been drilled to date in the Peace River Valley. Analyzing the urine of 29

pregnant women, researchers found high concentrations of muconic acid, which is a

degradation product of benzene, a widely studied developmental toxicant and an air

contaminant in the vicinity of gas wells. The median concentration of this chemical was

approximately 3.5 times higher in the study group than in the general Canadian

population. In five of the 29 women, the concentration of muconic acid exceeded an

exposure index by the American Conference of Governmental Industrial Hygienists that

was designed for workplace settings. (No guidelines for the public exist.) By design, this

small pilot study sets the groundwork for more extensive biomonitoring and

environmental analysis.
1204

• September 19, 2017 – University of Texas Health Science Center researchers conducted a

case-control study nested within their larger cohort of women with single births (see

entry for July 21, 2017, below) in the 24-county Barnett Shale between November 30,

2010 and November 29, 2012. Its specific purpose was to consider timing of

unconventional gas development activity “during potentially sensitive windows of

exposure,” as well as “potential differences in risk by UGD drilling phase,” with regard

to preterm births. Results suggest a link between maternal residential proximity to UGD-

activity and preterm births, which were similar by drilling phase and “slightly stronger in

the first two trimesters of pregnancy.”
1205
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• September 14, 2017 – Researchers reviewed health assessments taken between February

2012 and October 2015 of adults in Pennsylvania communities with intense

unconventional natural gas development (UNGD). The most frequently reported

symptoms were sleep disturbance, headache, throat irritation, stress/anxiety, cough,

shortness of breath, sinus problems, fatigue, wheezing, nausea, each occurring in over 20

percent of the sample. Over 43 percent of the sample reported sleep disturbance. To meet

the inclusion criteria, as developed and implemented by a physician and nurse

practitioner, the symptoms were reviewed to ensure no plausible cause relating to “past

medical and surgical history, concurrent medical conditions, family and social history,

and environmental exposures unrelated to UNGD. For example, if the social history

indicated a ½ pack/day smoking history, the symptom of ‘difficulty breathing’ was not

included.” Independently, the timing of the exposure for each symptom that met the

inclusion criteria was determined, using the beginning drilling date for each

unconventional natural gas well within one kilometer (.6 miles) of the patient’s residence;

records were excluded if it was not possible to verify at least one gas well within this

distance.
1206

• August 21, 2017 – Using county-level data from 2003 to 2013, researchers found that, all

together, counties in the Marcellus Shale region that experienced a boom in hydraulic

fracturing showed a 20 percent increase in the incidence rate of gonorrhea.
1207

• July 21, 2017 – A University of Texas Health Science Center School of Public Health

team assessed the links between the residential proximity of pregnant mothers to

unconventional natural gas development activity and various newborn health problems:

preterm birth, small-for-gestational age (SGA), fetal death, and low birth weight. They

found evidence of a “moderate positive association” between residential proximity to

UGD-activity and increased odds of preterm birth, and a “suggestive association” with

fetal death. Nearly 159,000 births and fetal deaths from November 30, 2010 to November

29, 2012 in the 24-county Barnett Shale area were considered.
1208

• February 15, 2017 – A study from the University of Colorado School of Public Health

and Anschutz Medical Campus showed that children and young adults between the ages

of 5 and 24 with acute lymphocytic leukemia (ALL) were 4.3 times more likely to live in

area dense with active oil and gas wells. The researchers did not find such a link with

ALL cases in 0-4 year olds, or with incidence of non-Hodgkin lymphoma. The study

focused on rural areas and towns in 57 Colorado counties and did not include cities of

more than 50,000 people. Authors wrote, “Because oil and gas development has potential
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to expose a large population to known hematologic carcinogens, such as benzene, further

study is clearly needed to substantiate both our positive and negative findings.”
1209

• October 26, 2016 – A study that investigated possible links between fracking and cancer

incidence in southwest Pennsylvania found elevated rates of bladder and thyroid cancers

in six counties with shale gas activity.
1210

Bladder cancer was elevated in both males and

females, with a 10 percent increase in the number of observed cases from 2000 to 2012.

Over the same time period, thyroid cancer jumped even more dramatically. “There was a

huge 91.2% increase in the number of observed cases from 2000 to 2012.” Patterns of

leukemia incidence were less clearly related to shale gas activity. The author expressed

caution in attributing these trends solely to shale gas development due to “the multiple

sources of potentially toxic, harmful exposures in southwest Pennsylvania, many dating

back decades,” the long latency time required for many cancers to develop, and possible

synergisms between exposures from shale gas development and past toxic exposures.

• August 25, 2016 – Researchers found that Pennsylvanians residing near intensive

unconventional gas well activity were significantly more likely to experience chronic

rhino sinusitis (at least three months of nasal and sinus symptoms), migraine headaches,

and higher levels of fatigue than residents who do not live near such activity.
1211

Data

were gathered from nearly 8,000 patients of Geisinger Health System from 40 counties in

north and central Pennsylvania, and matched with the proximity of respondents to all

phases of gas drilling activity and intensity, using information from the Pennsylvania

Departments of Environmental Protection (PA DEP) and Conservation and Natural

Resources, as well as satellite imagery. According to lead author Aaron W. Tustin, MD,

MPH, resident physician in the Department of Environmental Health Sciences at the

Johns Hopkins Bloomberg School of Public Health, “[t]hese three health conditions can

have debilitating impacts on people’s lives… In addition, they cost the health care system

a lot of money.”
1212

• July 18, 2016 – Living near fracking operations significantly increases asthma attacks,

according to a Johns Hopkins University study of 35,000 medical records of people with

asthma in north and central Pennsylvania, from 2005 to 2012.
1213

The data show that

those who live near a higher number of, or larger, active gas wells were 1.5 to 4 times

more likely to suffer from asthma attacks compared to those who live farther away, with
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the closest group having the highest risk. There was increased risk in all three types of

exacerbations defined: mild (new oral corticosteroid medication order), moderate

(emergency department encounter), or severe (hospitalization). In addition, researchers

identified increased risk during all four phases of well development: pad preparation,

drilling, stimulation (fracking), and production. The study was praised for its “rigorous

research methods,” by a scientist not part of the team.
1214

• July 5, 2016 – Researchers from five universities and the U.S. Geological Survey (USGS)

identified a link between exposure to fracking and drilling chemicals and adverse

reproductive and developmental outcomes in laboratory mice. The study used 23 oil and

gas chemicals in four different concentrations, representing concentrations found in

drinking water and groundwater, to higher concentrations found in oil and gas industry

wastewater. Offspring of pregnant laboratory mice consuming these mixtures were

compared to those that did not. Results suggested “numerous potential threats to fertility

and reproductive success … including altered pituitary hormone levels, reproductive

organ weights, and disrupted ovarian follicle development.” Researchers observed these

negative outcomes even in the offspring exposed to the lowest dose of chemicals.

Building on previous research showing reduced sperm counts in male offspring, they also

reported on “tentative mechanistic information for the observed adverse health

effects.”
1215

• February 9, 2016 – An exploratory study of hospitalization rates for three study areas in

Queensland, Australia showed rates for specific types of hospital admissions increased

more quickly in a coal seam gas study area than in other study areas (a coal mining area

and a rural/agricultural area). Coal seam gas is the methane trapped in pores and fractures

in underground coal deposits; its exploitation is a form of unconventional natural gas

development. A portion of coal seam gas extraction uses fracking. This preliminary study

found the strongest link between increased hospitalization rates over time in a coal seam

gas area to be for the category of ‘Blood/immune’ diseases.
1216

• October 14, 2015 – Using an animal model, an interdisciplinary research team measured

the endocrine-disrupting activities of 24 chemicals used and/or produced by oil and gas

operations, finding that 23 of them “can activate or inhibit the estrogen, androgen,

glucocorticoid, progesterone, and/or thyroid receptors, and mixtures of these chemicals

can behave synergistically, additively, or antagonistically.” Further, the researchers tested

prenatal exposures to the chemicals and found effects on multiple organs, including
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adverse reproductive effects on the matured offspring.
1217

This study is the first to

demonstrate that endocrine-disrupting chemicals, which are commonly used in fracking

operations, can harm the reproductive health of mice, at levels of exposure that are

realistic for humans. The study’s senior author told ScienceDaily, “In addition to reduced

sperm counts, the male mice exposed to the mixture of chemicals had elevated levels of

testosterone in their blood and larger testicles. These findings may have implications for

the fertility of men living in regions with dense oil and/or natural gas production.”
1218

• October 8, 2015 – Pregnant women who live near active fracking operations in

Pennsylvania were at a 40 percent increased risk of giving birth prematurely and at a 30

percent increased risk for having obstetrician-labeled high-risk pregnancies, according to

a study by Johns Hopkins Bloomberg School of Public Health and other researchers.

High-risk pregnancies were those that included hypertension, high pre-pregnancy body

mass index, and asthma. The study used data from the Geisinger Health System on 9,384

pregnant women and their 10,496 newborns between January 2009 and January 2013;

Geisinger covers 40 counties in north and central Pennsylvania. Researchers developed

an index for proximity to fracking wells based on distance from the women’s homes,

stage of drilling and depth of wells dug, and the amount of gas that was produced at those

wells during the pregnancies. The highest-activity quartile had the highest rates of

premature births and high-risk pregnancies.
1219, 1220

• July 22, 2015 – Using a mammal model, New York University School of Medicine

scientists, together with other U.S. and Chinese researchers, demonstrated cancerous

changes linked to exposure to wastewater from Marcellus fracking operations. Their

study also documented elevated levels of barium and strontium in exposed animal cells.

The wastewater studied originated in Pennsylvania and was stored for a time to allow

radioactivity and levels of short-lived VOCs to decline. The results suggest that “even

aged flow back water could pose substantial health threats to exposed humans.”
1221

• July 15, 2015 – A study by University of Pennsylvania and Columbia University

researchers found that drilling and fracking activity was associated with increased rates of

hospitalization in Pennsylvania. During a period of dramatic increase in drilling and

fracking activity between 2007 and 2011, inpatient prevalence rates surged for people

living near shale gas wells. Cardiology inpatient prevalence rates were significantly

associated with number of wells per zip code and their density, while neurology inpatient

1217
Christopher D. Kassotis et al., “Endocrine-Disrupting Activity of Hydraulic Fracturing Chemicals and Adverse

Health Outcomes After Prenatal Exposure in Male Mice,” Endocrinology 156, no. 12 (2015): 4458–73,

https://doi.org/10.1210/en.2015-1375.
1218

Endocrine Society, “Fracking Chemicals Tied to Reduced Sperm Count in Mice,” ScienceDaily, October 14,

2015, https://www.sciencedaily.com/releases/2015/10/151014134533.htm.
1219

Joan A. Casey et al., “Unconventional Natural Gas Development and Birth Outcomes in Pennsylvania, USA,”

Epidemiology 27, no. 2 (2015): 163–72, https://doi.org/10.1097/EDE.0000000000000387.
1220

Johns Hopkins Bloomberg School of Public Health, “Study: Fracking Industry Wells Associated With

Premature Birth,” October 8, 2015, https://publichealth.jhu.edu/2015/study-fracking-industry-wells-associated-with-

premature-birth.
1221

Yixin Yao et al., “Malignant Human Cell Transformation of Marcellus Shale Gas Drilling Flow Back Water,”

Toxicology and Applied Pharmacology 288, no. 1 (2015): 121–30, https://doi.org/10.1016/j.taap.2015.07.011.



296

prevalence rates were significantly associated with density of wells. Hospitalizations for

cancer, skin conditions, and urological problems also rose significantly. During the same

time period, no such increase in health problems was observed in a control Pennsylvania

county without any drilling and fracking activity. In communities with the most wells, the

rate of cardiology hospitalizations was 27 percent higher than in control communities

with no fracking. “While the clinical significance of the association remains to be shown,

[fracking] has just begun in Pennsylvania, and thus observing a significant association

over this short time is striking.… Our study also supports the concept that health care

utilization should be factored into the value (costs and benefits) of hydraulic fracturing

over time.”
1222

In a related Newsweek story, lead researcher Reynold Panettieri, Jr. said,

“At this point, we suspect that residents are exposed to many toxicants, noise and social

stressors due to hydraulic fracturing near their homes and this may add to the increased

number of hospitalizations.”
1223

• July 9, 2015 – As part of a scientific assessment of well stimulation treatments, including

fracking, the California Council on Science and Technology studied the potential impacts

of well stimulation on human health in California. The risk factors directly attributable to

well stimulation stem largely from the use of a very large number and quantity of

stimulation chemicals. The unknown number and toxicity of chemicals that are mixed

together in well stimulation fluids made it difficult to fully quantify risk to the

environment and to human health, but the study highlighted the potential health risks

from exposure to fracking-related air pollution for the people of Los Angeles, 1.7 million

of whom live or work within one mile of an active oil or gas well.1224 Jane Long, co-

author, said, “officials should fully understand the toxicity and environmental profiles of

all chemicals before allowing them to be used in California’s oil operations,” according

to the Los Angeles Times.1225

• June 22, 2015 – A longtime midwife reported her personal analysis of an ongoing spike

in infant deaths, miscarriages, and placental abnormalities in Utah’s Uintah Basin that has

followed the advent of drilling and fracking activity there and appears linked to air

pollution episodes.
1226

• June 3, 2015 – A University of Pittsburgh study linked fracking to low birthweight in

three heavily drilled Pennsylvania counties. The more exposure a pregnant woman had to

gas wells, the higher her risk for a smaller-than-normal baby. Exposure was determined

as proximity and density of wells in relation to the residence of the pregnant woman.

Compared to mothers whose homes had the fewest surrounding gas wells, mothers whose
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homes were nearest to a high density of wells were 34 percent more likely to have babies

who were “small for gestational age,” meaning they weighed significantly less than

expected for the number of weeks of pregnancy. Although the study did not investigate

mechanisms, researchers identified air as the likely route of exposure. They supported

this argument by referencing another study done in Western Pennsylvania where airborne

particulate pollution correlated with low birth weight and by noting that particulates are

established shale gas infrastructure emissions.
1227, 1228

Low birth weight is a leading cause

of infant mortality.

• March 3, 2015 – A follow-up study of 21 case studies from five states found that the

distribution of symptoms in animals and humans affected by nearby fracking operations

was, since 2012, unchanged for humans and companion animals. In food animals,

reproductive problems decreased over time while respiratory problems and growth

problems increased. “This longitudinal case study illustrates the importance of obtaining

detailed epidemiological data on the long-term health effects of multiple chemical

exposures and multiple routes of exposure that are characteristic of the environmental

impacts of unconventional drilling operations.”
1229

• March 3, 2015 – A cross-sectional study by Yale University School of Medicine

researchers using companion animals as sentinels of human exposure to fracking-related

chemicals investigated possible associations between reported health conditions of

companion and backyard animals in Southwest Pennsylvania and household proximity to

drilling and fracking operations. Among dogs living in households located less than one

kilometer from a gas well, risks for health problems were elevated, especially for dermal

conditions, compared to animals living more than two kilometers from a well.
1230

• January 1, 2015 – A Yale-led team studied the relationship between household proximity

to drilling and fracking operations and reported health symptoms in Washington County,

Pennsylvania where 624 gas wells were in active operation, most of which had been

drilled in the past five to six years. Researchers found that health symptoms reported by

residents increased in frequency as distance between household and gas wells decreased.

Among persons living less than one kilometer from drilling and fracking operations,

rashes and upper respiratory problems were more prevalent. The authors of this study, the

largest to date on the link between reported symptoms and natural gas drilling activities,

say that their findings are “… consistent with earlier reports of respiratory and dermal

conditions in persons living near natural gas wells.” They also cite literature
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demonstrating the biological plausibility of a link between oil and gas extraction

activities and both categories of health effects reported.
1231

• December 17, 2014 – As part of a lengthy review that became the foundation for New

York State’s ban on high volume hydraulic fracturing, the New York State Department of

Health (NYS DOH) identified environmental problems associated with fracking that

could contribute to adverse public health impacts. Among them: air pollution (particulate

matter, ozone, diesel exhaust, and VOCs) that could affect respiratory health; drinking

water contamination from underground migration of methane and/or fracking chemicals

associated with faulty well construction or seismic activity; drinking water contamination

from inadequate water treatment of fracking waste or from surface spills of fracking

chemicals or wastewater; earthquakes and the creation of fissures; increased vehicle

traffic; increased noise; increased demand for housing and medical care; and public

health problems related to climate change impacts from methane and other greenhouse

gas emissions into the atmosphere. The NYS DOH Public Health Review also discussed

findings from surveys of health symptoms among residents living near high volume

hydraulic fracturing activities. These included skin rash, nausea or vomiting, abdominal

pain, breathing difficulties, cough, nosebleed, anxiety, stress, headache, dizziness, eye

irritation, and throat irritation in populations living near drilling and fracking operations.

The NYS DOH Public Health Review noted that ongoing studies by both government

agencies and several academic institutions were exploring the public health risks and

impacts of fracking but that many of these studies were years from completion. The

review concludes:

… significant gaps exist in the knowledge of potential public health impacts from

[high volume hydraulic fracturing]…. The existing science investigating

associations between [high volume hydraulic fracturing] activities and observable

adverse health outcomes is very sparse and the studies that have been published

have significant scientific limitations. Nevertheless, studies are suggestive of

potential public health risks related to [high volume hydraulic fracturing] activity

that warrant further careful evaluation.

In an accompanying letter to the New York State Department of Environmental

Conservation, Health Commissioner Howard Zucker, MD, concluded,

… the overall weight of the evidence from the cumulative body of information

contained in this Public Health Review demonstrates that there are significant

uncertainties about the kinds of adverse health outcomes that may be associated

with [high volume hydraulic fracturing], the likelihood of the occurrence of

adverse health outcomes and the effectiveness of some of the mitigation measures

in reducing or preventing environmental impacts which could adversely affect

public health. Until the science provides sufficient information to determine the

level of risk to public health from [fracking] to all New Yorkers and whether the
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risks can be adequately managed, DOH recommends that high volume hydraulic

fracturing should not proceed in NYS.1232

• October 13, 2014 – According to the North Dakota Health Department, the number of

HIV and AIDS cases in North Dakota more than doubled between 2012 and 2014, and

cases were shifting to the state’s western oil fields, where 35-40 percent of all new cases

occurred. Previously, only 10 percent of cases were in that region.1233 This trend followed

on the heels of an upsurge in sexually transmitted chlamydia cases in the same region.

The North Dakota state director of disease control, Kirby Kruger, attributed the uptick in

HIV cases to the drilling and fracking industry and attempted to spread HIV prevention

messages at the “man camps” that house young male workers in the oil industry.1234

Human trafficking for purposes of prostitution accompanied the fracking boom, but there

was a shortage of medical professionals to address this public health crisis, according to

Kruger, who noted that it was difficult to hire nurses and medical staff who could live in

the area on a public health wage.

• October 2, 2014 – According to researchers from the University of Pennsylvania’s Center

of Excellence in Environmental Toxicology, an increasing number of gas wells in

Pennsylvania is significantly correlated with inpatient rates of hospitalization. The

research team collected data from seven different insurance providers for three counties;

the study’s publication is forthcoming.
1235

• September 11, 2014 – In Texas, commercial vehicle accidents have increased more than

50 percent since 2009 when the state’s ongoing drilling and fracking boom began,

according to an investigation by the Houston Chronicle and Houston Public Media News

88.7. “For six decades, highway deaths have dropped steadily all across the United

States…. But in Texas all motor vehicle fatalities – and accidents involving commercial

trucks – have turned back upward since the state’s oil drilling and fracking boom began

in 2008.” This rising motor vehicle death toll is especially felt in formerly rural counties

in the Eagle Ford and Permian Basin, now places of heavy drilling and fracking. A new

Department of Public Safety “Road Check” program finds annually, “27 to 30 percent of

Texas’ commercial trucks shouldn’t be operating at all due to potentially life-threatening
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safety problems like defective brakes, bald tires, inoperable safety lights and unqualified,

unfit or intoxicated drivers.”
1236, 1237

• August 3, 2014 – Hospitals in the Bakken Shale region reported a sharp rise in ambulance

calls and emergency room visits after 2006. “Mercy Medical Center in Williston and the

Tioga Medical Center in neighboring Williams County saw their ambulance runs increase

by more than 200 percent. Tioga’s hospital saw a staggering leap in trauma patients by

1,125 percent. Mercy had a 373 percent increase.” Drugs (including overdoses of

prescription drugs, methamphetamine, and heroin) explain many of the cases, with

oilfield related injuries such as “fingers crushed or cut off, extremity injuries, burns and

pressure burns” accounting for 50 percent of the cases in one of the region’s hospital

emergency rooms.
1238

• May 21, 2014 – Raising questions about possible links to worsening air pollution from

the Uintah Basin’s 11,200 oil and gas wells, health professionals reported that infant

deaths in Vernal, Utah, rose to six times the normal rate over the past three years.

Physician Brian Moench said, “We know that pregnant women who breathe more air

pollution have much higher rates of virtually every adverse pregnancy outcome that

exists…. And we know that this particular town is the center of an oil and gas boom

that’s been going on for the past five or six years and has uniquely high particulate matter

and high ozone.”
1239

Although it formerly had pristine air quality, Uintah County, Utah

received a grade “F” for ozone in the American Lung Association’s 2013 State of the Air

Report.
1240

• January 28, 2014 – Congenital heart defects, and possibly neural tube defects in

newborns, were associated with the density and proximity of natural gas wells within a

10-mile radius of mothers’ residences in a study of almost 25,000 births from 1996 to

2009 in rural Colorado. The researchers note that natural gas development emits several

chemicals known to increase risk of birth defects (teratogens).
1241

• January 4, 2014 – Preliminary data from researchers at Princeton University, Columbia

University, and MIT showed elevated rates of low birthweight among infants born to

mothers living near drilling and fracking operations during their pregnancies.
1242
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• August 26, 2013 – Medical experts at a rural clinic in heavily-drilled Washington

County, Pennsylvania reported case studies of 20 individuals with acute symptoms

consistent with exposure to air contaminants known to be emitted from local fracking

operations.
1243, 1244

• May 2, 2013 – A community-based participatory research study in Pennsylvania tested

air and water quality and surveyed self-reported health symptoms of more than 100

residents living near drilling and fracking operations. The team detected a total of 19

VOCs in ambient air sampled outside of homes. The reported health symptoms closely

matched the established effects of chemicals detected through air and water testing at

those nearby sites. Moreover, those symptoms occurred at significantly higher rates in

households closer to the gas facilities than those farther away.
1245

Indicative of the

growing prevalence of such health impacts in the state, a poll showed that two-thirds of

Pennsylvanians support a moratorium on fracking because of concern about negative

health impacts.
1246
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Noise pollution, light pollution, and stress

Drilling and fracking operations and ancillary infrastructure expose workers and nearby

residents to continuous noise and light pollution that is sustained for periods lasting many

months. Chronic exposure to light at night is linked to adverse health effects, including breast

cancer.

Sources of fracking-related noise pollution include blasting, drilling, flaring, generators,

compressor stations, and truck traffic. Noise-mitigating sound barriers do not always resolve

complaints of nearby residents. Exposure to environmental noise pollution is linked to

cardiovascular disease, cognitive impairment, and sleep disturbance. In Colorado, noise

measured during construction and drilling of a large, multi-well pad in a residential area

exceeded levels knowns to increase the risk of cardiovascular diseases and hypertension.

Denton, Texas residents reported increased levels of stress and anxiety compared to periods of

time prior to the arrival of drilling fracking in their community. In rural Canada, residents

living near drilling and fracking operations experienced community upheaval and showed

multiple signs of trauma. Oil and gas production noise may be disrupting wildlife health in

protected areas. Workers and residents whose homes, schools, and workplaces are in close

proximity to well sites are at risk from these exposures as well as from related stressors. Existing

“setback distances” may not be adequate to reduce public health threats, especially for

vulnerable populations. A UK Health Impact Assessment (HIA) identified stress and anxiety

resulting from drilling-related noise—as well as from a sense of uncertainty about the future

and eroded public trust—as key public health risks related to fracking operations. These results

are corroborated by research in the United States showing links between fracking-related stress,

lower self-reported health, a sense of helplessness, and distrust in regulatory agencies.

• May 5, 2021 – Induced earthquakes linked to gas extraction and related activities have

caused structural damage to housing in the Netherlands. Using previously validated

health measures, the first study to address the long-term, stress-related effects on

residents experiencing this kind of property damage found evidence of negative health

impacts over time. Self-rated health, mental health, and other stress-related health

impacts were all greater in a study group of people who had experienced this kind of

damage to their homes when compared to a control group whose members did not. These

negative impacts increased over time. Those whose homes had repeated damage were

1.60 times more likely to report poor health, 2.11 times more likely to report negative

mental health, and 2.84 times more at risk of elevated stress-related health symptoms.

The study population was drawn from 25,000 residents of Groningen, Netherlands from a

complete registry of all legal residents, and the resulting groups completed questionnaires

at five time-points over two years. These findings, the researchers concluded, “suggest

that for chronic disasters/hazards, negative effects can accumulate over time, presumably
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because the recurrent threat and poor crisis response leads to an accumulation of

stress.”
1247

• January 19, 2021 – Drilling and fracking significantly increased light pollution in rural

areas of the United States from 2000 to 2012, while in these same areas, residents

experienced increased levels of insufficient sleep, according to a study that found a dose-

response relationship between the number of horizontal wells and measures of

insufficient sleep. Residents in counties with more than 100 wells were three percentage

points more likely to report insufficient sleep, and six percentage points more likely to

report sleep fewer than seven hours sleep per night. Light pollution has established links

to human health: disruptions to melatonin levels and circadian rhythm are linked with

mood regulation, depression and sleeping disorders, in addition to metabolic disease and

cancer. This study also found that, in areas that had minimal light pollution prior to the

shale gas boom, drilling increased the dispersion of nighttime lights by over 100 percent.

Urging further research on light pollution from the shale gas industry, authors note that

many drilling and fracking operations are sited within International Dark Sky Places

where work practices continue around the clock and are dependent on intense artificial

lighting and gas flaring.
1248

• March 14, 2020 – Living in a community with extensive fracking was linked with lower

self-rated health, according to an interdisciplinary research team.
1249

The team designed

and carried out survey research with three northern Colorado communities with different

historical and current levels of fracking: Greeley, Fort Collins, and Windsor. Self-rated

health, the researchers explained, has been used successfully across multiple disciplines

in thousands of studies. Research has shown there is a strong link between self-rated

health and actual health status. Living in Greeley, surrounded by some 21,000 active

drilling locations in 2015-2016 when the study was carried out, was associated with

lower self-rated health compared to Fort Collins, which voted for a (subsequently

overturned) ban on fracking, and has little drilling in the community. Perceived stress

from fracking was also linked to lower self-rated health. A third finding was that trust in

regulatory agencies improved self-rated health. Authors noted, “Recalling that people in

our study who reported the least satisfaction with their health were low-income and also

experiencing stress from [unconventional oil and gas extraction], we may see links to

environmental injustice and specifically procedural inequity, regarding people’s (lack of)

control over their local environment and their perceived health impacts.”

• March 4, 2020 – More than 300 residents filed noise complaints about new fracking

activity near Broomfield, Colorado’s northeast side, between fall 2019 and publication of
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this KUNC piece.
1250

The radio station obtained the information through a public records

request, finding the community had not gotten relief, despite an overnight noise

ordinance that went into effect in late January: “…the noise drones on, according to

resident complaints.” A municipal judge was, at time of publication, determining whether

the new ordinance applied to the oil and gas operator responsible for the noise, as the

company maintained they were in compliance with a previous agreement.

• February 13, 2020 – Residents of Denton, Texas reported increased stress and anxiety

compared to periods of time prior to the introduction of fracking in the area.
1251

Defining

“socio-psychological health” as “one’s well-being pertaining to dimensions of both their

mental (including emotional) and social health,” the researchers sought to build on

previous research identifying socio-psychological impacts from fracking, through in-

depth, semi-structured interviews. Specific socio-psychological features of participants’

experiences included concerns about the environmental health of the community,

increased prevalence of personal ailments and physical disorders, and feelings of

helplessness linked to lack of response from government officials. Areas where study

results were mixed included optimism versus pessimism, and various measures of social

cohesion. On the one hand, the “us versus them” construct was a common theme, and on

the other, the participants, who were recruited via a town hall meeting, also reported

instances of community members brought closer together through their concern and

activism.

• January 15, 2020 – The Broomfield, Colorado, City Council “unanimously approved an

emergency noise ordinance that will return the onus to a person or company to prove

noise generated during restricted hours is below Broomfield’s decibel standards.”
1252

The

ordinance does not specifically address the oil and gas industry but followed a spike in

noise complaints from residents near an 18 gas well site. Hundreds of complaints

included specific health symptoms that residents linked to the noise, including headaches,

difficulty sleeping, and anxiety and stress.

• December 12, 2019 – The City of Broomfield, Colorado issued a statement reacting to

the breaching of noise standards by an oil and gas company operating in the city. “We

hear you, we acknowledge the impact and we are taking the steps to pursue all legal

options to keep our community safe… Our residents are enduring continuous impacts

which now includes disturbing noise, sometimes in the middle of the night. Immediate

action is necessary,” said City and County Manager Jennifer Hoffman addressing city
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residents in the press release.
1253

The City received over 35 official noise complaints and

verified that there were over 80 noise level readings above the established thresholds in

the previous two-week period.

• September 16, 2019 – Residents of Brooke County, West Virginia expressed

dissatisfaction with “sound walls” put up to mitigate noise surrounding a local gas well

pad. “Residents say one thing that is particularly concerning is the hours that the noise is

most bothersome; when they are trying to sleep. It is affecting their sleep and in turn,

their health.”
1254

The company responsible, Southwestern Energy, stated that noise was

not exceeding the levels set by county ordinance and that it would “continue to monitor

the situation and work with elected officials.”

• May 28, 2019 – Noise levels exceeded World Health Organization guidelines for two

types of measurements, A-weighted and C-weighted noise, at four residences in Weld

County, Colorado, during all four unconventional oil and gas development phases at a

nearby 22-well pad with “sound walls” in place.
1255

This study also included air pollution

and truck traffic measurements, finding the highest pollution levels (particulate matter

and black carbon) and the greatest number of heavy trucks trip per hour during the

fracking phase of operations. During daytime hours on weekdays, one of these measures

at one of the four residential sites exceeded the guideline for A-weighted decibels at least

73 percent of the time for each well development phase, drilling, fracking, flowback, and

production. During “the high impact phases” of drilling, fracking, and flowback, the

second guideline, for C-weighted noise, was exceeded 65 more than half of the time

“regardless of whether it was a weekday/weekend or a daytime/nighttime,” except at one

of the sites. Authors wrote, “The cumulative health effects from multiple stressors for

individuals living near these facilities is not known. Furthermore, excessive noise levels

and increased truck traffic during the night, when people are home and trying to sleep,

could have compounding effects on health and quality of life.”

• April 24, 2019 – Northern Colorado communities experienced disturbance including

vibration from “massive thumper trucks doing seismic exploration” for the best sites to

drill.
1256

One community member said, “Actually made me gasp because it was shaking

so loudly… I’ve felt earthquakes in California and I would say it was similar to that.”

The company did not provide notification to the targeted neighborhoods until the

Colorado Oil and Gas Conservation Commission sent a cease-and-desist letter. After
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complying with notification requirements, the company was allowed to move forward

with the estimated four to six weeks of exploration.

• October 8, 2018 – Researchers collected noise measurements from residential areas,

inside and outside homes, near two different gas well pads and a compressor station,

north and south of Pittsburgh, Pennsylvania. Measurements from all of the outside areas

had at least some decibel levels exceeding the recommended limits of the U.S.

Environmental Protection Agency (EPA), and one indoor measurement near the

compressor station exceeded the recommended level for noise measured inside homes.

An accompanying survey documented that 96 percent of respondents were “worried

about their overall health as a result of the noise.” Fifty-seven percent were bothered “a

great deal” by the noise, and slightly more than half of respondents said that their sleep

was disturbed “a great deal” by the noise.
1257

• October 4, 2018 – In the month following one or more earthquakes greater than

magnitude 4 experienced in an Oklahoma county, motor vehicle crashes increased 4.6

percent. Anxiety-inducing life events increase the risk of motor vehicle crashes, and

earthquakes are known to increase anxiety. University of California, Berkeley public

health researchers used data on Oklahoma earthquakes between 2010 and 2016, known to

have drastically increased in the state due to fracking wastewater injection, and county-

level monthly vehicle crash counts. Authors noted “the high economic and social costs of

such vehicle crashes,” which were $2.9 billion in Oklahoma in 2010.
1258

• May 30, 2018 – Anxiety-related Google searches increased 5.8 percent during months

when there was more than one magnitude 4 or higher earthquake experienced in

Oklahoma, from January 2010 to May 2017. Google searches for anxiety peaked three

weeks after magnitude 4 or higher quakes, University of California, Berkeley public

health researchers found. Oil and gas wastewater injection has dramatically increased

seismicity in Oklahoma; in the study period, there were 8,908 earthquakes across the

state of Oklahoma, an average of 218 earthquakes per month. Authors noted, “excessive

anxiety… may disable individuals and has long-term implications for health and

functioning,” and that “excessive symptoms of anxiety occur more readily in response to

a recurrent and unpredictable stressor, such as the Oklahoma earthquakes included in our

study.”
1259

• May 11, 2018 – Over 40 percent of daytime and 23.6 percent of nighttime audible noise

measurements taken during construction and drilling of a large, multi-well pad in a

residential area were found to exceed the level that research has demonstrated to increase
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the risk of health effects, such as cardiovascular diseases and hypertension. When the

researchers used an additional measurement that captures low frequency noise levels,

these results showed that 97.5 percent of daytime and 98.3 percent of nighttime

measurements exceeded the level “recommended to minimize impacts such as nausea and

headaches.” The measurements collected during this study were from four locations, over

three months, in residential areas with oil and gas development in Colorado. Researchers

concluded that the distances from the well pad at which some of their measurements were

taken, highlight “that homes in closer proximity to operations will likely experience noise

exposure at levels of concern even with the implementation of sound mitigation best

management practices.”
1260

• December 29, 2017 – Every participant reported experiencing effects in one or more of

five categories—psychological stress, social stress, environment, physical health, and

traffic—in a study of how residents of two adjacent counties in Ohio are impacted by

unconventional natural gas development. Most respondents reported impacts in three or

more of the five categories. Types of psychological stress reported included general stress

and uncertainty about the future; feeling frustrated and manipulated after interactions

with the oil and gas industry; experiencing stress from noise or light pollution; and

regional displacement. Researchers found that experiences of social stress extended to

include divisions among family or community; fears of, or direct experiences of,

environmental health harms; observing dying, unhealthy trees; and traffic-related effects.

Nearly all residents interviewed had experienced dangerous encounters with oil and gas

truck drivers and observed that damaged roads had become increasingly common.
1261

• July 28, 2017 – A Canadian case study of the social impacts of fracking in a conservative,

upper middle class, rural region of southern Alberta found that residents experienced

“complete upheaval in their beliefs, and for many, their experiences with contamination,

and fears of future exposure, dominate their lives.”
1262

Participants described acute

impacts to their own health, to family members’ health, to their livestock (including

fertility problems), and to their land (included disrupted crop production and abrupt

changes to the landscape). The study further reported that authorities failed to respond,

“in a manner expected by the victims” to these problems. In addition, “corrosion of

community” occurred at a time when victims needed community support the most. The

author posited, following a consideration of the literature on toxic contamination and

trauma, that her interviewees had experienced the three key indications of trauma: loss of

agency, hyperarousal, and ontological insecurity linked to the negative effects on normal

daily routines, a sense of order and continuity, and human dignity. The author noted that
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the contamination experienced by the interviewees reflected a “new normal of non-

conventional fossil fuel industries.”

• May 5, 2017 – Oil and gas production was one of the main anthropogenic noise sources

(though the proportion for which it was responsible was not determined) in a study that

quantified the degree and extent of noise pollution in U.S. protected areas (PAs) and

critical habitat for endangered species. Authors “compared noise pollution among land

management and protection status and investigated sources responsible for generating

noise across PAs.” The team of biologists and engineers found that human-caused noise

doubled background sound in 63 percent of U.S. protected areas, and produced a tenfold

or greater increase in 21 percent of protected areas. These levels are “known to interfere

with human visitor experience and disrupt wildlife behavior, fitness, and community

composition.” Researchers also found a 10-fold increase in sound levels in 14 percent of

critical habitats of endangered species.
1263

• April 3, 2017 – A University of Maryland team conducted a pilot study of noise pollution

at eight homes located less than a half mile (750 meters) from natural gas compressor

stations in West Virginia and compared decibel levels to those collected from homes

located further away. They found that daytime and nighttime noise levels were higher at

properties located closer to a compressor, as measured both inside and outside the homes.

Five of six homes that were monitored for a full 24-hour period had combined day-night

indoor average noise levels that exceed 60 decibels (dBA), which exceeds both EPA’s

recommended limits for chronic noise exposure as well those recommended by the World

Health Organization. To date, no federal noise standards exist for oil and gas

operations. Noting that noise exposure has been associated in previous studies with sleep

disruption, poor academic performance, and hypertension, the authors conclude,

“Findings indicate that living near natural gas compressor stations could potentially result

in high environmental noise exposures. Larger studies are needed to confirm these

findings and evaluate potential health impacts and protections measures.”
1264

• December 9, 2016 – A review analyzing the relevant scientific literature on the potential

public health impacts of ambient noise related to unconventional oil and gas development

found that “oil and gas activities produce noise at levels that may increase the risk of

adverse health outcomes, including annoyance, sleep disturbance, and cardiovascular

disease.” The team of environmental and occupational health scientists collected

available measurements of noise levels at oil and gas operations and analyzed the data

with established noise standards. Authors stated that many noise sources from fracking

operations are similar to those of conventional oil and gas development, but that high-

volume hydraulic fracturing activities present additional noise risks. These arise from

conditions including four to five times the length of time needed to drill the well, and the

much greater volume of water and higher pressures needed, compared to a traditional

vertical well. They described the complexity of noise associated with oil and gas
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operations, including both intermittent and continuous noise, varying in intensities. The

review included focus on vulnerable populations, including children, the elderly, and the

chronically ill. Authors noted that existing “setback distances” – already often the result

of political compromise and not evidence-based – may be insufficient to reduce public

health threats, and that maximum allowable noise levels should be lower for schools and

hospitals.
1265

• July 9, 2015 – As part of its assessment of potential health impacts, the California

Council of Science and Technology looked at the impacts of noise and light pollution

from oil and gas operations in California. The researchers noted that a number of

activities associated with drilling and fracking generated noise at levels considered

dangerous to public health. Noise is a biological stressor that can aggravate or contribute

to the development of hypertension and heart problems. In California, noise from well

stimulation was associated with both sleep disturbance and cardiovascular disease in a

dose-response relationship. Exposure to artificial light at night has been linked to breast

cancer in women, although almost no research has been conducted on the public health

implications of light pollution from oil and gas extraction specifically.
1266

• December 17, 2014 – The New York State Department of Health (NYS DOH) identified

community impacts related to noise as a potential contributor to a variety of negative

health impacts from drilling and fracking operations but noted that considerable scientific

uncertainty remains on the issue of noise exposure per se as a risk factor. Noise, air

pollution, traffic, vibration, odors, and nighttime lighting may all increase together as

proximity to a drilling site decreases.
1267

• December 1, 2014 – Range Resources Corporation warned supervisors in Pennsylvania’s

Donegal Township that a “big burn” natural gas flare will continue for as long as a week

and “will produce a continuous noise of as much as 95 decibels at the well pad. Sustained

decibel levels between 90 and 95 can result in permanent hearing loss, but workers will

be equipped with ear protection.” Township supervisor Doug Teagarden expressed

concern for residents, saying, “They told us the flare would be double the size of other

well flares, and the noise will be like a siren on a firetruck…. There are houses within a

couple of hundred yards of the well pad, and those folks are going to hear it.”
1268

• November 6, 2014 – Sakthi Karunanithi, Director of Public Health in Lancashire, UK,

reported on a Health Impact Assessment (HIA) of the two proposed shale gas exploration

sites in Lancashire. Karunanithi’s study determined that key risks to the health and well-

being of the residents who live near the two proposed sites in Lancashire include stress
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and anxiety from uncertainty that could lead to “poor mental wellbeing,” and noise-

related health effects due to continuous drilling. The HIA also noted a lack of public trust

and confidence.
1269, 1270

• September 2014 – The Ohio Shale Country Listening Project, a collaborative effort to

solicit, summarize, and share the perspectives and observations of those directly

experiencing the shale gas build out in eastern Ohio, found that the more shale gas wells

a community has, the less popular the oil and gas industry becomes. Many residents

reported that they had not experienced the economic benefits promised by the oil and gas

industry. They complained of increased rents and costs of gas and groceries, an influx of

out-of-state workers, more vehicular accidents, road destruction from large trucks, and

damaged landscape and cropland. Locals reported feeling less secure and more

financially strapped.
1271

• June 20, 2014 – In its discussion of “Oil and Gas Drilling/Development Impacts,” the

U.S. Office of Indian Energy and Economic Development detailed noise pollution from

bulldozers, drill rigs, diesel engines, vehicular traffic, blasting, and flaring of gas. “If

noise-producing activities occur near a residential area, noise levels from blasting,

drilling, and other activities could exceed the U.S. Environmental Protection Agency

(EPA) guidelines. The movement of heavy vehicles and drilling could result in frequent-

to-continuous noise…. Drilling noise would occur continuously for 24 hours per day for

one to two months or more depending on the depth of the formation.”
1272

Exposure to

chronic noise can be deadly. The World Health Organization has documented the

connection between environmental noise and health effects, including cardiovascular

disease, cognitive impairment, sleep disturbance, and tinnitus. At least one million

“healthy life years” are lost every year from traffic-related noise in the western part of

Europe.
1273

• February 24, 2014 – In a review of the health effects from unconventional gas extraction

published in the journal Environmental Science & Technology, leading researchers noted,

“Noise exposure is a significant hazard due to the presence of multiple sources, including

1269
Sakthi Karunanithi, “Potential Health Impacts of the Proposed Shale Gas Exploration Sites in Lancashire” (Item

9 on the Agenda, Report of the Director of Public Health, Lancashire County Council Cabinet, 2:00 pm in Cabinet

Room “B” County Hall, Preston,Lancashire County, UK, November 6, 2014),

://council.lancashire.gov.uk/documents/b11435/Potential%20Health%20Impacts%20of%20the%20Proposed%20Sh

ale%20Gas%20Exploration%20Sites%20in%20Lancashire%2006th-Nov-2014%2014.pdf?T=9.
1270

Elaine Dunkley, “Fracking in Lancashire ‘May Affect Mental Health’, Report Finds,” BBC News, November 7,

2014, sec. Lancashire, http://www.bbc.com/news/uk-england-lancashire-29944212.
1271

Ohio Organizing Collaborative (OOC)’s Communities United for Responsible Energy (CURE), with support

from the Ohio Environmental Council (OEC), FracTracker.org, and Laborers Local 809 of Steubenville, “Ohio

Shale Country Listening Project,” September 2014,

https://web.archive.org/web/20150206015846/http://carrollconcernedcitizens.org/uploads/2014_Shale_Report__sma

ll_.pdf.
1272

Office of Indian Energy and Economic Development, “Oil and Gas Drilling/Development Impacts,” Tribal

Energy and Environmental Information Clearinghouse, 2014,

https://web.archive.org/web/20141008163453/http://teeic.indianaffairs.gov/er/oilgas/impact/drilldev/index.htm.
1273

Guénaël R. M. Rodier, “Burden of Disease From Environmental Noise: Quantification of Healthy Life Years

Lost in Europe” (WHO, June 1, 2011), https://www.euro.who.int/__data/assets/pdf_file/0008/136466/e94888.pdf.



311

heavy equipment, compressors, and diesel powered generators. Loud continuous noise

has health effects in working populations. It is likely that exposure to noise is substantial

for many workers, and this is potentially important for health because drilling and

servicing operations are exempt from some sections of the Occupational Safety and

Health Administration noise standard.” They noted that research should investigate

stressors such as noise and light in the context of drilling and fracking operations in order

to understand the overall effect of chemical and physical stressors together.
1274

• May 30, 2014 – The Denver Post reported that in order to help meet Colorado’s noise

limits for fracking operations in suburban neighborhoods (and partially block the glare of

floodlights), Encana Oil and Gas erected 4-inch-thick polyvinyl walls up to 32 feet high

and 800 feet long. Residents said that the plastic walls do not completely solve the

problem.
1275

• October 25, 2013 – An analysis of well location and census data by the Wall Street

Journal revealed that at least 15.3 million Americans now live within a mile of a well

that has been drilled since 2000. According to this investigation, the fracking boom has

ushered in “unprecedented industrialization” of communities across wide swaths of the

nation and, with it, “24/7” industrial noise, stadium lighting, earth-moving equipment,

and truck traffic.
1276

• April 16, 2013 – In a presentation on oil field light pollution for a conference on

“Sustainable Environment and Energy: Searching for Synergies,” Roland Dechesne of

the Royal Astronomical Society of Canada described problems of “light trespass,” glare,

and poorly-aimed fixtures in oil fields in Alberta. He described resulting “mass waterfowl

mortality” linked to artificial illumination and other biochemical impacts of light

pollution on wildlife, as well as the possibility of these effects on humans, including

circadian disruption, melatonin suppression, and possible resulting hormonally-linked

diseases.
1277

Known to have ecological impacts, outdoor light pollution from drilling and

fracking operations may also be linked to artificial light-associated health effects

documented in humans, including breast cancer.
1278

• April 2013 – Led by the University of Pittsburgh Graduate School of Public Health, a

study of community members living in proximity to Marcellus Shale drilling in

Pennsylvania found adverse impacts to mental health, with stress the most frequently

reported symptom. At least half of all respondents in each set of interviews reported these
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specific stressors, including: being taken advantage of; health concerns;

concerns/complaints ignored; corruption; denied information or provided with false

information. Many also reported the desire to move or leave community, estrangement

from community, and financial damages. Researchers noted that stress can result in direct

health impacts.
1279

Notably, mounting evidence indicates that chronic stress magnifies

individuals’ susceptibility to effects of pollution; for children, this interactive effect can

begin during prenatal life.
1280

• September 7, 2011 – A study by researchers at Boise State University and Colorado State

University at Fort Collins modeled the potential impacts of compressor station noise from

oil and gas operations on Mesa Verde National Park in Colorado. The study found the

sound of 64 compressors outside Mesa Verde elevated the sound level within the park by

34.8 decibels on average, and by 56.8 decibels on the side of the park located closest to

the compressors. According to the EPA, 55 decibels is the highest “safe noise level” to

avoid damage to the human ear.
1281
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Earthquakes and seismic activity

Increasing numbers of studies from the United States, Canada, China, and the United Kingdom

show that both fracking and the underground disposal of fracking wastewater is definitively

linked to earthquakes. In 2019, the United Kingdom declared a moratorium on fracking after

an agency report on fracking-related earthquakes in Lancashire concluded that it was not

possible to predict their likelihood or size in ways that could prevent them from occurring. This

moratorium is still in place.

Definitive evidence from Ohio, Arkansas, Texas, Oklahoma, Kansas, and Colorado links

fracking wastewater disposal wells to earthquakes of magnitudes as high as 5.8, in addition to

swarms of minor earthquakes. Between 2017 and 2020, the number of earthquakes linked to

fracking wastewater injection more than tripled in Oklahoma, Texas, Louisiana, and New

Mexico.

Recent research has clarified the mechanisms by which fracking and the injection of fracking

waste may trigger earthquakes. Fracking wastewater injection into shallow geological zones

increases pressures within the pore spaces of rock layers and may lead to the unclamping of

stressed geological faults, including within deeper faults located several miles below the surface.

The act of fracking itself takes place in deeper geological formations than injection of fracking

waste. Recent research shows that fracking activities can trigger earthquakes both near and far

from the well pad by increasing fault zone permeability. Fracking can also cause long-dormant

faults to slip in ways that can damage wells through shearing forces. Even small fault slips and

imperceptible microquakes caused by fracking can deform well casings, according to the results

of a 2022 study. The impact of induced earthquakes on well leakage is not well understood. The

question of what to do with fracking wastewater remains a problem with no viable, safe solution.

Emerging evidence suggests that the frequency of fracking-induced earthquakes can continue

to rise for years after waste injection, that these earthquakes can take place at distances far from

the site of waste injections, and that earthquake risks cannot be prevented through “proper”

fracking protocols or by solely limiting the rate or volume of injected fluid. In Canada, elevated

earthquake activity in heavily fracked regions continued during a period of industry quiescence

brought on by the COVID-19 pandemic.

Emerging evidence suggests that the injection of supercritical carbon dioxide in fracking

operations may also be linked to earthquake risk.

• May 29, 2023 – Combining a wide variety of imaging and analytic approaches,

researchers in China investigated the cause of four recent moderately large earthquakes in

an area that had been previously seismically quiescent and was recently and intensively

fracked. Their proposed model, which employs readily available and increasingly

common technological tools, encourages prospective evaluations of proposed industrial

sites for “geological susceptibility” and explicitly calls for operators to be “more

conservative” near susceptible regions: “The conservativeness in operations may include

reducing injection volumes, lowering the injection pressures, shortening horizontal wells,
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restricting the thresholds for the traffic light protocol [guidelines for interrupting or

ceasing hydraulic fracturing or wastewater disposal activities], or their combinations.”

This structure-based susceptibility evaluation approach, the authors contend, can be used

to avoid inducing damaging earthquakes from fracking operations.
1282

• March 23, 2023 – On November 30, 2022, the town of Peace River experienced the

largest (ML5.6) earthquakes ever recorded in the Canadian province of Alberta. Although

the Alberta Energy Regulator initially judged this a natural tectonic event, researchers

employing a broad range of imaging and analytic methods concluded that the earthquake

occurred due to underground wastewater disposal from nearby fracking operations. By

resampling seismic data to improve accuracy, determining subsurface fault planes and

origins of seismic activity, and using InSAR geodetic modeling to depict surface

deformations temporally related to industrial activities, the researchers showed human

activities were the most plausible explanation of the earthquake. The new study argues

that the injected wastewater, by being forced into a deep geological fault, reduced the

friction holding the two sides together in ways that allowed them to slip past each other

and trigger an earthquake. This study highlights the need for rigorous assessments of

causality and raises concerns also about subsurface injections of carbon dioxide, which

has been proposed as a potential climate mitigation strategy. The authors note that the

industrial-scale injection of carbon dioxide into deep sedimentary formations carries

similar risks of inducing earthquakes as wastewater disposal. Earthquakes of these

magnitudes can be deadly, if they occur in populated areas.
1283

• December 14, 2022 – A research team investigated a possible link between induced

earthquakes from fracking operations and healthcare visits for anxiety disorders in

Oklahoma between 2010 and 2019. By correlating earthquake activity in Oklahoma with

anxiety-related health care visits recorded in a large de-identified database of Medicare

Advantage claims, researchers identified a statistically significant increase in health care

visits coded as stress disorders for every five felt earthquakes (defined as earthquakes of

Moment Magnitude greater than or equal to 4) in the preceding six months. The

psychiatric diagnosis of stress disorder relates to traumatic events and includes features

such as anxiety, intense fear, or helplessness, dissociative symptoms, and avoidant

behaviors. Because the vast majority of mental health needs go unmet, this study likely

underestimates the number of people experiencing trauma secondary to experiencing

earthquakes induced by hydraulic fracturing activities, including wastewater injection.

The researchers note that related studies with Oklahoma residents indicate “an overall

sense of resentment towards induced earthquakes [and their costs].” The results of this

study are supported by prior studies in Oklahoma that have documented an increase in

motor vehicle crashes and in online searches related to anxiety that were both correlated
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with felt earthquakes. These represent indirect indicators of harms to human populations

from fracking-related induced earthquake activity.
1284

• November 10, 2022 – An assessment of ground deformation and seismicity in two areas

of intense fracking activity in the Argentinian Patagonian Plateau correlated ground

movements, as measured with Satellite Synthetic Aperture Radar Interferometry and

records of hydraulic fracturing, fluid extraction, and fluid injection, along with historic

and current seismic records. The researchers concluded that correlations exist between

the onset of hydraulic fracturing activities and large magnitude earthquakes, as well as

surface deformations (and inferred subsurface fault planes). Available data do not allow a

determination as to whether water extractions or injections of fluids during hydraulic

fracturing play a more dominant role in triggering induced earthquakes in the region.
1285

• April 25, 2022 – Employing a dense array of seismic stations in an intensely fracked area

marked by recent large earthquakes, researchers in Weiyuan, China used a variety of new

computerized analytic methods to characterize complex subsurface fault systems that

they conclude “are reactivated by hydraulic fracturing.” They also found that, by

increasing fault zone permeability, fracking can trigger earthquakes far from the well pad,

“hence increasing the potential seismic hazard associated with injection-induced

earthquakes in this and other regions around the world.” Because Chinese regulations

require that all wastewater from hydraulic fracturing is collected, purified, and then

reused, underground wastewater injection could be ruled out as a cause of the earthquake

activity documented in the study.
1286

• February 7, 2022 – Slippage on subsurface faults occurs at rates ranging along a

continuum from “creep to supershear earthquakes.” Slow slip events are known to be

important in releasing stress, delaying or preventing abrupt radiations of damaging

seismic energy. However, these kinds of aseismic shifts can sometimes increase stress in

unstable zones, leading to dynamic rupture. To clarify the role of slow-slip events in fault

activation and earthquake generation related to hydraulic fracturing, a team of researchers

in Canada used Interferometric synthetic-aperture radar to study an area near Calgary that

is well-monitored by seismic networks. Despite an absence of detected seismicity, radar

imagery revealed “consistent patterns of paired uplift and subsidence,” indicative of shear

dislocations on faults (i.e., aseismic slow slip events) at shallow depths near the

underground injection interval targeted by fracking. In other words, the data revealed that

the largest fracking‑induced earthquake in Canada, to date, is the result of a slow‑slip

event. Researchers documented that these events also correlated with concurrent reports

of deformations in the steel casings of fracked wells in the areas that were of sufficient

magnitude to lodge equipment in the wellbore and interrupt fracking activities. Noting
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that casing deformation is not uncommon during hydraulic fracturing, the researchers

conclude that “‘thrust belts activated by fluid injection [during hydraulic fracturing] can

exhibit a range of slip behavior…, ranging from slow slip events to dynamic rupture.”

They recommend using radar technology to monitor deformation processes in areas of

fluid injection to more accurately characterize earthquake hazards and illuminate links

between slow-slip events, casing deformations, and earthquake activity related to

hydraulic fracturing.
1287

• February 1, 2022 – To elucidate the mechanisms driving earthquake activity and surface

deformation in the intensely fracked Delaware Basin in Texas, researchers used satellite-

based interferometric Synthetic Aperture Radar images coupled with sophisticated

modeling and analysis of subsurface data. Building on prior studies that identified local

instances of sinking caused by oil, gas, and groundwater extraction and instances of uplift

caused by the injection of fracking wastewater, this study provides a detailed model to

explain how swaths of land can rise and fall along long, narrow strips as movement-

prone, shallow underground faults slip in response to increased fluid pressure. When the

fault is activated by fluid injection, the upper block of the fault slides downward along

the lower block under the force of gravity. While some fault slippage results in

measurable earthquake activity, slippage can sometimes continue in an aseismic fashion

for years to decades.
1288

The findings suggest the observed motion on the surface is

caused by slip on shallow faults where two blocks of Earth’s crust meet along an inclined

plane, “like a loaf of bread sliced diagonally.”
1289

• January 27, 2022 – While earthquake induction by fracking-related activities is proven,

the responsible mechanisms are still debated as the geological depths from where the

earthquakes arise have varied widely. This study sought to resolve the uncertainty around

the question of depth. Accurate depth determination can differentiate between

earthquakes triggered by fracking wastewater injection, which takes place at

comparatively shallow levels, from earthquakes triggered by fracking itself, which takes

place in deeper geological zones. A Stanford-led research team studied a small,

intensively fracked area within the Delaware Basin in Texas, where 21 perceptible

earthquakes had struck within the previous few years. Using two seismic monitoring

stations and an “attentive, deep-learning model” (a specialized form of artificial

intelligence), researchers were able detect and analyze subtle seismic activity, including

hundreds of microquakes centered within the study area as well as thousands of other

small quakes that originated from zones farther away. Using three independent but

complementary characterizations of subsurface seismicity—seismic velocities; precise

location of the depths of origin of identified earthquakes; and modeling of low-frequency

body and surface waves in relation to subsurface faults—the researchers determined that

fracking wastewater injection, rather than fracking per se, was the cause of the quakes in
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this particular swath of the Delaware Basin. All three forms of analysis showed that the

earthquake activity originated from the shallow geological zone that is used for the

disposal of fracking wastewater. Combined with emerging satellite evidence of surface

deformation in the same area of the Delaware Basin, these results provide support for the

hypothesis that preexisting faults are activated when pore pressures are elevated by

wastewater injections. Fracking wastewater disposal is an unavoidable cause of fault

slippage.
1290

• January 7, 2022 – By analyzing the evolution over time of induced seismicity caused by

hydraulic fracturing activities, researchers in Alberta discovered two distinct geologic

regions and calculated the annual likelihood of large earthquakes (magnitude M > 4) in

each region for the period from 2014 to 2020. Despite increasing intensity of hydraulic

fracturing activities, the seismic hazard in the Duvernay Play region has declined,

possibly due to regulatory restraints and changes in operational practices, including a

relative avoidance of earthquake prone areas.
1291

• October 28, 2021 – To better detect and characterize fracking-induced earthquakes in the

Blackpool region of the United Kingdom, researchers used historical data combined with

digital template matching (TM) techniques, which extract waveform images of past

events and use them as templates to find similar new events. These methods make

possible the detection of smaller magnitude earthquakes, the modeling of faults and

seismic sources, and better correlation of subsurface events with various stages of

hydraulic fracturing activities. This novel application of template matching techniques

allows for the study of induced earthquakes in places that lack well-distributed arrays of

surface monitoring stations.
1292

• June 10, 2021 – According to Norwegian energy research firm Rystad Energy,

earthquakes attributed to fracking waste disposal in Oklahoma, Texas, Louisiana, and

New Mexico more than tripled in frequency over a three-year period. In 2020, 938

earthquakes above magnitude 2.0 were recorded in the region, up from 242 in 2017. This

3.85-fold increase in seismic activity coincides with a period of steadily increasing

volumes of wastewater pumped into underground injection wells. Injection volumes in

the United States have increased almost 50 percent over the past decade to 11.3 billion

barrels last year, more than double the volume of oil that was produced. Some oil

companies report recycling the wastewater, for use in additional oil drilling, crop

irrigation, or other purposes, but in 2020, only 1.5 billion barrels of wastewater (less than

15 percent of barrels produced) were recycled, according to Rystad. “Around 570 similar

induced tremors have been recorded through the first five months of 2021, meaning we
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may see a new record this year if the trend continues,” the report read. “The trend appears

to be moving not only to more frequent, but also larger events.”
1293

• May 26, 2021 – An analysis of trends based on detailed records of 2,865 wells and 439

earthquakes in the Peace River region prompted a former senior scientist with British

Columbia’s oil and gas commission, Allen Chapman, to predict that induced earthquakes

of magnitude 5.0 or greater will very likely occur in the future if current fracking

activities in the region continue unabated. In a rebuke of reliance on so-called “traffic

light” protocols as a form of earthquake management, Chapman warned that fracking-

induced earthquakes of large magnitudes can and do occur without precursor warning and

thus represent significant risks to public safety and infrastructure. Noting the likelihood

of industry unwillingness to alter their practices due to the necessity of a “high degree of

brute force” to hit production goals and financial targets, Chapman recommended the

establishment of “frack-free zones proximal to populations and critical infrastructure.”
1294

• May 21, 2021 – A study led by a U.S. Geological Survey (USGS) team determined that

the dramatic proliferation of seismic activity near the Permian Basin city of Pecos, Texas

since 2000 is likely caused by fracking wastewater disposal practices. This includes a

magnitude 5.0 earthquake in March 2020. The team identified more than 45,000 seismic

events in the area and compared spatial and temporal data in the earthquake inventory

with industrial records. “We identify several cases of hydraulic fracturing induced

seismicity…but the vast majority of earthquakes are likely induced by wastewater

disposal…in particular injecting at depths greater than 1.5 kilometers.”
1295

• May 17, 2021 – Researchers in the United Kingdom used detailed microseismic data

from a single fracking site in Lancashire to conclude that pore pressure increases are the

likely mechanism for the earthquakes induced at the site, with “each operation

activat[ing] different faults with different orientations.” Despite examining a single site in

detail with extensive data from prospective monitoring, the researchers stress that

establishing the causative processes for induced seismicity is a complex and challenging

computational task because multiple physical processes during hydraulic fracturing act in

tandem to reactivate faults.
1296

• May 10, 2021 – Increases in the pressures of fluid within the pores of deep geological

strata is commonly invoked as the main driver for induced earthquakes triggered by the

injections of fracking wastewater. However, a comprehensive investigation of a surge of
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earthquakes in the Delaware Basin in Texas from 1993 to 2020 revealed that changes in

poroelastic stresses that can refer to other hydraulically isolated rock layers, rather than

changes in pore pressure per se, can be the dominant stress change that induces

earthquakes in some cases. Poroelastic stresses refer to fluid-mediated deformation of

solid materials. That is, human activities in shallow geological strata can cause

poroelastic stresses that trigger unexpected, unpredictable, and uncontrollable responses

in isolated, sometimes distant, tectonic regions, especially if major faults are present, and

sometimes after long time delays. “We show that the widespread deep seismicity is

mainly driven by shallow wastewater injection through the transmission of poroelastic

stresses assuming that unfractured shales are hydraulic barriers over decadal time scales.”

Relying on industrial, seismic, geodetic, and geological data to develop new, integrated

models of induced seismicity led researchers to conclude that “induced seismic hazard

can be minimized by injecting fluids into porous sediments rather than a low-porosity

basement.”
1297

• April 1, 2021 – A fracking wastewater injection well in Youngstown, Ohio caused a

magnitude 4.0 earthquake on December 31, 2011, just prior to ceasing operation. Now

abandoned and with no identifiable owner, the 9,200-foot-deep well was ordered sealed

two years ago and yet remains open, with the well’s former operators in prison and the

company charged with plugging the well in bankruptcy.
1298

• March 31, 2021 – During the early months of the global Covid-19 pandemic, from April

to August 2020, fracking and wastewater disposal operations virtually halted in Alberta

and northeast British Columbia, yet seismic stations recorded 389 earthquakes in those

two Canadian provinces. Researchers observed that seismic events during this period of

industry quiescence seem to share many characteristics with seismicity generated during

fracking operations. According to their analysis 65 percent of the seismicity detected

during the lockdown period is attributable to latent ongoing geological processes related

to prior fluid injection. They posit mechanisms such as aseismic slip, with fault and

fracture weakening over extended distances, to explain how an elevated background

seismicity rate has become the “new normal” with earthquake activity continuing even

during a period of temporarily ceased fracking and wastewater disposal activities.
1299

• March 21, 2021 – Citing research from 2018 demonstrating that injected wastewater can

cause sufficient pressure to trigger earthquakes more than 55 miles away [see entry for

February 15, 2018 below], regulators in Kansas reversed their original interpretation of

the origin of a series of more than a dozen earthquakes occurring in Wichita at the end of

2020. Additional earthquakes in 2021 pointed to injection of wastewater as the likely
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cause of the earthquake swarm. According to Rick Miller, senior scientist and

seismologist at Kansas Geological Survey, the oil and gas industry accounts for a

majority of wastewater wells in Kansas, although other industries, such as chemical,

petrochemical, and food processing, also dispose of wastewater in underground wells.

Which industry is responsible for inducing the large increase in earthquakes in Kansas in

2020 and 2021 remains unknown.
1300

• November 11, 2020 – An examination of more than 40 years of data from California

demonstrated extremely high correlations between oilfield waste injection and the

occurrence of earthquakes near the San Andreas Fault. As in Oklahoma, the size of the

spatial footprint of induced seismicity is quite large, in California reaching to distances

up to 24 kilometers (almost 15 miles). Researchers observed deformation of the surface

of the earth in close proximity to the wastewater injection wells, with significant surface

uplift.
1301

Separately, a co-author of this study argued that California’s natural earthquake

activity may have been masking industry-induced quakes.
1302

However, this new research

reveals that fluid-injection operations, even though they take place near seismically

active, well-known faults in California, are activating smaller unmapped faults and

elevating injection-induced seismic hazards. The authors note that injection of waste

directly above the geological basement layer, high-rate, broadscale injection into

permeable zones, and the presence of tectonically stressed faults are likely all

contributing factors and suggest that operators look for more stable regions in which to

inject wastewater.

• September 2, 2020 – Seismic hazard risk assessment has until recently focused almost

exclusively on risk exposure related to naturally occurring tectonic earthquakes.

However, the timing and location of induced earthquakes offer unique opportunities for

intervention because they are functions of economic forces as well as public policy

decisions. Hence, earthquakes are an environmental justice issue. In Oklahoma,

investigators found that induced seismicity disproportionately impacts communities with

“low-income, female-headed and African-American households, workers employed in

the primary economic sector, and Hispanic populations of employed men.” Moreover,

vulnerable populations may have decreased ability to participate in the generation of

mitigation plans or to choose to move elsewhere. Authors recommend targeting areas of

high exposure to earthquake exposures and high social vulnerability for measures to

lessen risk, reduce social vulnerability, or both.
1303
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• August 5, 2020 – Researchers studied the characteristics of wastewater, particularly

pressure, temperature, and composition, to identify whether fluid properties can

contribute to the generation of induced seismicity in laboratory simulations. They found

that oilfield wastewater with higher concentrations of total dissolved solids than are

present in the fluids held within subsurface basement layers can result in density-driven

pressure gradients that, along with fracture permeability, contribute to the generation of

induced earthquakes. These findings help to explain the observed transfer of high

pressure from wastewater injection across long distances (exceeding 10 to15 kilometers,

or approximately 6 to 9 miles). In some modeled scenarios, fluid pressure could be

expected to increase locally below injection wells for up to 20 years after the end of

injections. Injecting high-density brines into geologic formations with “seismogenic”

basements (typically characterized by low-density brines) creates conditions that may

result in fluid pressure transients sufficient to trigger earthquakes.
1304

• July 14, 2020 – Geologists in Alberta investigated a swarm of earthquakes that persisted

over 10 months following the cessation of fracking activities in western Canada and

determined persistent aseismic slip to be the likely primary causative mechanism rather

than fluid migration or other mechanisms. Their model posits that increased pore pressure

from fracked wells loads faults in unstable regions, causing seismicity with lateral

confinement of the creeping region eventually resulting from increased pore pressure.

Some swarms (both induced and naturally occurring) previously ascribed to a pore

pressure migration model might better be understood as generated by aseismic slip. This

model suggests that current mitigation strategies, such as “traffic light protocols,” for

mitigating induced seismicity caused by fracking may be “sub-optimal” because these

protocols “assume that a larger magnitude earthquake is preceded by smaller precursory

events, and that changes in operations … have an immediate effect on the source process

of induced events.” These assumptions are not borne out by current evidence.
1305

• May 31, 2020 – An analysis of USGS earthquake catalogs for 17 major fracking

locations across the United States for the period from 1998 to 2018 shows statistical

associations between fracking locations (including wastewater disposal sites) and

increased earthquake activity. The association between fracking activities and

earthquakes is particularly strong in Texas, Oklahoma, and Kansas.
1306

• May 7, 2020 – It is not currently possible to confidently forecast the occurrence or

maximum size, of a fracking-induced earthquake, nor are retrospective strategies

sufficient “to protect critical or vulnerable infrastructure that have unacceptable failure

consequences,” according to a review published in Nature Reviews Earth &
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Environment. The review by three Canadian geoscientists determined that induced

earthquakes, once triggered, are similar to their natural counterparts, although their

hazards “might greatly exceed the natural earthquake hazard in regions of low to

moderate seismicity.” “Traffic light protocols,” in which fracking operators reduce

injection for an amber light or stop injection for a red light in response to predefined

thresholds of quakes and population density, have not been successful, according to the

review.
1307

Referring to this work, a Canadian investigative report outlined the deficits of

British Columbia’s practice of limiting fracking only after earthquakes have been

triggered, adding to decades-long concern about the troubled Site C dam project in

northeastern British Columbia, in a region of increasing earthquakes.
1308

Increasing

understanding of the mechanisms by which induced seismicity can destabilize previously

stable geologic formations also contributes to concerns about Site C dam. The review

states that “it is clear that hazard mitigation, via the use of forecasting models to control

the magnitude of the largest possible event, is in its infancy,” and cannot, for example,

account for the unpredictable nature of fault propagations possibly related to rupture of

entire fault plains. Thus, limiting (yellow light) or stopping (red light) fracking activities

upon the occurrence of small, induced earthquakes may not prevent future and possibly

larger earthquakes from occurring.

• April 21, 2020 – Researchers employed satellite-based InSAR (Interferometric Synthetic

Aperture Radar) to monitor surface deformation to study three sites in western Texas.

They then correlated observed patterns of deformation with earthquake distributions and

other factors to distinguish the causes of deformation. Groundwater withdrawals appear

to have played a role in geologic changes, including subsidence, while wastewater

injection (disposal) probably played a dominant role at two sites. Similarities and

differences at the three studied sites “suggest the importance of local rock structures and

properties in determining seismic behavior and sensitivity to injection.”
1309

• March 10, 2020 – Comparing the ground motion and damage potential of naturally

occurring and induced earthquakes based on instrumental data and felt reports, a

Canadian geologist concluded that both types of seismic activity have “significant

damage potential within 10 km [over six miles],” at magnitude 5.0, while events of

magnitude 5.5 would have “damage potential to a distance of 20 km [over 12 miles].”

Detailing damage from induced earthquakes around the globe, the author noted damage

in Oklahoma to brick buildings with accompanying soil liquefaction and slumping; injury

to 135 people in Korea, with damage to 57,000 structures; and collapse of houses,

landslides, and injuries to 19 people in China. To preclude earthquake damage, the author

wrote, hazard mitigation measures must aim to prevent the occurrence of induced
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earthquakes of magnitude 3.5 or greater within approximately 5 kilometers (3 miles) of

vulnerable structures.
1310

• February 25, 2020 – Scientists used a variety of seismological techniques to conclude

with a newly emerging cluster of earthquakes in Alberta, Canada, are “almost certainly”

the result of nearby hydraulic fracturing activities.
1311

The largest event ascribed directly

to fracking measured magnitude 4.18 ML, believed to have resulted from thrust-slip on a

fault underlying the target formation. In March 2019, Alberta introduced a new “traffic

light” regulatory framework to interrupt fracking activities associated with earthquakes of

increasingly high magnitude.

• January 9, 2020 – BC Hydro, the publicly owned Canadian electric utility in the province

of British Columbia, knew for “well over a decade that its Peace Canyon dam is built on

weak, unstable rock and that an earthquake triggered by a nearby natural gas industry

fracking or disposal well operation could cause the dam to fail.” This information,

obtained through freedom of information legislation, had not been shared with various

relevant governmental entities and panels, nor even a construction manager at the dam.

Hundreds of emails, letters, memos and meeting notes documented concerns discussed at

the highest levels, and that the utility’s dam safety specialist wrote “email after email to

his superiors expressing fear about how encroaching fracking operations could destabilize

BC Hydro’s Peace Canyon dams.”
1312

• December 14, 2019 – Researchers used improved catalogs of earthquake activity and

multistation template matching to determine that while the vast majority of earthquakes

in western and southern Texas between 2015 and 2018 were associated with wastewater

disposal, “at least ~5% of the seismicity was induced directly by hydraulic fracturing.”

While geologic features may act to influence the occurrence and location of induced

seismicity, fracking induced seismicity is pervasive in the neighboring state of

Oklahoma, and the researchers suggest that the frequency of earthquakes and the number

of earthquakes greater than magnitude 3 will continue to increase if industry operations

continue unaltered.
1313

• November 13, 2019 – Fracking induced 94 earthquakes with a magnitude greater than 2.0

from 2014 through 2018 in the Eagle Ford Shale.1314 This included what may have been
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the largest fracking-related earthquake in the United States, a magnitude 4.0 quake that

occurred near the site of a 4.8 quake that occurred in 2011, thought to be induced by fluid

extraction. The research team wrote that their study “demonstrates that faults in this area

are capable of producing felt and potentially damaging earthquakes due to ongoing

[fracking].” In addition, they proposed that fracking by “simultaneous stimulation of

multiple laterals” was three times more to cause earthquakes than a single well strategy.

• November 4, 2019 – Considerably expanding understanding of the history of the Pecos

earthquake cluster in west Texas, researchers demonstrated that anomalous earthquakes

began in 2009 and increased dramatically, with more than 2,000 earthquakes in 2017.

The largest of these had a local magnitude of 3.7, but the overall activity pattern did not

rule out future earthquakes of larger magnitude. The team observed that seismic activity,

petroleum production, fluid waste injection, and hydrofracturing activity all rose in

tandem, suggesting that fracking-related activities may be responsible for inducing this

unusual earthquake activity between 2009 and 2017. They did not speculate which

specific activities may have led to the onset of the quakes in 2009, nor which of these

activities are most responsible for the recent spike in their frequency.1315

• November 2, 2019 – The UK government declared a moratorium on fracking after an Oil

and Gas Authority (OGA) report concluded that predicting the risk, size, and location of

earthquakes linked to fracking operations is not possible. However, it left open the

possibility that the temporary ban could be lifted if further scientific discoveries allowed

fracking-induced seismicity to be managed.1316 The OGA’s report was based on an

assessment of fracking operations taking place at Preston New Road in Lancashire in

northwest England. It found that susceptibility to earthquakes depends on local geology

but the precise geological characteristics creating that susceptibility are not sufficiently

understood to serve as applicable predictors. “Methods for predicting the maximum

magnitude that adopt a link between injected volume and the maximum magnitude of

induced events lack convincing empirical evidence or proven theoretical basis.” After

repeated seismic events and a magnitude 2.9 earthquake, fracking operations were

suspended at the Preston New Road site in August 2019. The OGA concluded that, based

on the pattern of ground motion, the likely cause was a rupture of a previously

unidentified strike-slip fault, and the “possibility of larger events could not be

excluded.”1317

• October 14, 2019 – Some earthquakes in west Texas are more likely due to fracking itself

than frack waste disposal, according to a team that matched earthquake times and

locations with those of fracking activities. A new seismic monitoring program of nearly

60 seismographs created in 2015 resulted in this “improvement in absolute location
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accuracy.”
1318

This study is a first in challenging the view that the induced quakes are

only caused by wastewater injection wells rather than the fracking process. The new

program, TexNet, is funded by the state of Texas and its research arm, the Center for

Integrated Seismicity Research, is funded by the state in partnership with oil and gas

companies.
1319

• August 28, 2019 – The mechanism by which fracking triggers earthquakes is an area of

unsettled science. Calling into question earlier studies that ascribe a central role to pore

pressure diffusion or poroelastic stress changes as the trigger of earthquakes caused by

hydraulic fracturing, researchers from the University of Calgary in Alberta, Canada,

instead invoke an alternative model. This team argues that fault activation is caused by

progressive loading of distant, unstable regions of a fault by a phenomenon called

“aseismic slip,” in which displacement along a fault radiates out to a seismogenic area.

Noting that key features of the fundamental processes of fault activation remain poorly

understood and that so-called “traffic light protocols” rely on the assumptions that

smaller seismic events precede large-magnitude earthquakes and that changes in injection

operations will have immediate effects, the new model calls for a better characterization

of rock properties and faults near fracking and disposal zones.
1320

• August 26, 2019 – In accordance with a Hydraulic Fracturing Plan with a “traffic light

system” modeled after ones used in Canada, fracking operations at the Preston New Road

site in Lancashire, England were suspended after multiple earthquakes at the fracking

site, including a 2.9 magnitude tremor that was felt at the surface.
1321

• July 29, 2019 – As a first step in predicting future fracking-related earthquakes more

accurately, a model must be able to account for the distribution, frequency, and historical

time course of past earthquakes. Researchers using a “physics-based” forecasting model

that includes consideration of both pore pressure and poroelastic stresses (the mechanical

properties of rocks, such as elastic response to fluid pressures) have been able

retroactively to simulate the observed pattern of induced seismicity in Oklahoma, where

earthquake activity has increased 900-fold since 2008.
1322

According to the study’s lead

author, “An interesting finding… was that a tiny change in the rocks’ elastic response to

changes in fluid pressure can amplify the number of earthquakes by several times. It’s a
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very sensitive factor.”
1323

In addition, the model indicates that shutting down injection

wells where fracking waste is disposed may not immediately alleviate the probability of

large earthquakes as the underground diffusion of fluid continues even after injection

stops.

• July 16, 2019 – Because briny oilfield wastewater is more dense than host rock fluids, it

will continue to migrate downward long after it is injected into an underground well.

Even when injection rates are significantly reduced as a technique to alleviate the risk of

earthquakes, sinking wastewater can cause a pressure front to migrate downward at

comparable rates. The result is elevated subsurface fluid pressures that persist for more

than a decade and increase with depth.
1324

This phenomenon raises the risks for

earthquakes of higher magnitude because deeper faults, which are under higher stress,

can release more energy when they rupture.
1325

As a consequence, wastewater disposal

via underground injection effectively creates a time bomb as the risk of high-magnitude

earthquakes may continue to rise even as overall earthquake activity slows.

• May 3, 2019 – Researchers at Tufts University combined field data and modeling data in

a study that found that fracking wastewater disposal can trigger earthquakes originating

from zones far beyond where the fracking wastewater diffuses. Overturning previous

assumptions, these results suggest that waste fluids can activate slippage in faults that

then quickly outpaces the spread of fluid underground. That is, a rupture front can

develop and accelerate ahead of regional pore-pressure increases caused by migrating

fluids and, potentially, activate slippage in distant pre-existing faults. If so, these runaway

ruptures might trigger earthquakes of magnitudes greater than predicted based on an

assessment of fluid-pressurized volumes.
1326, 1327

• March 27, 2019 – The USGS deployed additional seismometers in the area around south

Alabama and the Florida Panhandle following the detection of five earthquakes in the

course of a week. The earthquakes, ranging in magnitude from 2.1 to 3.7, occurred in an

area flagged as likely experiencing more seismic activity over the past decade due to oil

and gas operations in the area.
1328

In 1997, a series of earthquakes, including the second
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largest in Alabama’s history (at magnitude 4.9), occurred in the same region and was

tentatively linked to oil and gas drilling and two associated injection wells nearby.
1329

• March 8, 2019 – Over a two-day period in February 2019, three earthquakes struck a

farming community in an area of China’s Sichuan Province that is experiencing a

fracking boom. Two people were killed, 13 injured, 20,000 homes destroyed, and 1,600

people displaced. In response to citizen protests, fracking operations were suspended.
1330

• March 1, 2019 – A USGS-led team monitored leakage and fluid pressure over time in a

permeable bedrock formation used for disposal of fracking waste in Osage County,

Oklahoma. By inserting specially designed instruments into an unused disposal well

within this formation, the team demonstrated an overall trend of increasing fluid pressure.

“The only conceivable source of this increase is due to the injection of wastewater.” The

results also showed evidence that fracking waste is leaking out of the reservoir where it is

being injected “at a significant rate.” The direction of the leakage appears mostly

downward into the basement rock below. The authors note that disposal of fracking waste

is the leading cause of pressure changes on faults in Oklahoma and that fluid pressure

changes are, in turn, the leading cause of earthquakes in Oklahoma.
1331

• December 12, 2018 – For six continuous years, hydraulic fracturing and related activities

have triggered multiple earthquakes of varying magnitudes in northwestern Alberta and

northeastern British Columbia, with the operations of one company linked to tremors that

have jolted Fort St. John from 2012 to 2018.
1332

Between September 2013 and January

2015 alone, researchers in western Alberta, Canada detected than 900 seismic events,

ranging in magnitude from 1 to 4. Real-time recordings of seismic activity were generally

consistent with published empirical and point-source simulation models. Approximately

80 percent of the events in the compiled database occurred “in distinct clusters in time

and space that are characteristic of induced events.”
1333

These induced earthquakes pose

hazards to roads, pipelines, dams, groundwater, and public safety. Canadian scientists

question whether any regulatory system could effectively forecast, control, or prevent

them. In some cases, cessation of injection activities following large, potentially

damaging earthquakes appears to a sufficient response. However, in other cases, quakes

occur months after injection activities, falling outside the windows of immediate

intervention that most “traffic light systems” are put in place to address.
1334
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companies are allowed to continue their activities despite predictions that considerable

seismic activity may result, including earthquakes of much greater magnitude than

predicted.
1335

• November 28, 2018 – Noting that fracking is a microseismic event, a research team

investigated whether the activity of hydraulic fracturing itself, and not just the disposal of

fracking waste, can trigger earthquakes and might be contributing to the dramatic

increases in frequency of seismic events across the central and eastern United States. The

team focused on Oklahoma where they identified roughly 700 fracking-induced

earthquakes, including 12 with magnitude between 3 and 3.5. Previous reports had

described only two fracking-induced earthquakes in Oklahoma. Results also confirmed

that, in Oklahoma, proximity of an injection site to a critically stressed fault is a better

predictor of induced seismicity than a more commonly accepted general approach based

on proximity to the Precambrian basement layer. These results demonstrate that public

research provides far greater detail and accuracy than data and notifications voluntarily

released by drilling operators.
1336

• November 11, 2018 – In Lancashire, England, fracking has triggered at least 37 minor

earthquakes. Regulations require suspension of fracking activities when seismicity

exceeds magnitude 0.5. Energy company Cuadrilla, which had previously supported

these limits, lobbied the government to relax the regulations in order to allow fracking to

continue. These calls have been rejected by the energy minister.
1337

• October 31, 2018 – A holistic analysis of fracking waste disposal practices and seismicity

compared intensely drilled regions across the United States, including the Bakken, Eagle

Ford, and Permian shale basins, as well as basins in Oklahoma. Results showed

consistent links between increased seismicity and increased depth of wastewater

injection, increased rate of injection, and increased regional injection volumes. Shallower

disposal wells help lower the risk of earthquakes. However, they raise the risk of

groundwater contamination as increased pressures can push fluids through “faults or

fractures or through abandoned oil wells that have not been properly plugged.” The

researchers also noted that deep waste disposal carries the risk of introducing toxic fluids

into karstified areas where there is “limited geologic characterization of the disposal

zone.” These deep, cave-like zones may transmit fluids in an unknown, unpredictable

fashion.
1338
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• August 31, 2018 – To delineate possible mechanisms for the induction of earthquakes at

unexpectedly large distances from injection wells, researchers looked at data in the public

domain from around the world. They found two patterns. One type of seismicity,

manifesting a “direct pressure effect,” clusters near wells and tends to be shallow, of

modest magnitude, and to decay abruptly. The second type of seismicity, potentially

triggered by elastic stresses, tends to occur in deeper layers, decay slowly, and exhibit

larger spatial footprints and magnitudes. Both shallow and deep formations present

unique risks, and these should be included in mitigation strategies.
1339

With low to

moderate-sized human-made earthquakes putting 1 in 50 people in the United States at

risk according to a recent USGS analysis, injection practices for oil and gas wastewater

are “creating a ripple effect far beyond … drilling locations.”
1340

• April 27, 2018 – The use of fracking to enhance geothermal energy recovery activated

two faults in a previously unknown fault system and triggered a magnitude 5.5

earthquake near Pohang, South Korea. Using primarily publicly available data, the

researchers characterized the fault dimensions, faulting mechanism, and depth of

earthquake activity, which correlated with surface deformation at the time of the

earthquake activity. The earthquake’s main shock caused extensive structural damage to

buildings in and around Pohang and injured 70 people.
1341

• March 16, 2018 – Utilizing satellite radar imagery, researchers observed and analyzed

ground deformation, earthquake activity, and subsidence (depressions and sinkholes) that

appear to be the result of “decades of oil activity and its effects on rocks below the

earth’s surface.”
1342, 1343

Noting that West Texas has been “punctured like a pincushion

with oil wells and injection wells since the 1940s,” the team documented an “alarming

rate” of heaving and sinking across a 4,000-square-mile area.
1344

The researchers

documented visible surface-level and subsurface changes from fracking, fracking waste

injection, carbon dioxide injection that is used to aid in oil and gas exraction, and

abandoned and uncapped wells. Some data may help sort out why hazards manifest in

one site rather than another. Satellite assessments of deformation can provide crucial

safety information to protect roadways, homes, businesses, industrial facilities, pipelines,

and people from “potential larger catastrophic events.”
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• February 27, 2018 – Since December 2016 in Oklahoma, 74 earthquakes of at least 2.5

magnitude have been linked directly to fracking. As a result, state regulators tightened

mitigation protocols and required operators to use seismic arrays to detect underground

movement and pause their work when earthquakes exceed magnitude 2.5.
1345

These

changes make Oklahoma’s new regulations tougher than Canada’s, where “the industry

holds the record for causing magnitude 4-plus earthquakes by high volume fracking.”
1346

Described by industry sources as “a cautious move forward, limiting though not

hamstringing [the] oil industry,” the new regulations will be evaluated in the field for

their effectiveness in reducing the frequency of earthquakes large enough to be felt at the

surface.
1347

• February 20, 2018 – Researchers in Kansas used high-precision data from an extensive

seismometer network to detail features of a surge of earthquakes that they concluded

were induced by wastewater injection in southern Kansas. Some areas were free from

earthquakes, despite injection activities, suggesting that unknown local geological

conditions play a role in determining seismic activity. Lack of seismic activity in these

areas is “either due to a lack of fluid pathways to the basement [deep geological layer] or

due to the absence of faults that are close to failing.” Regional influences led to more

prolonged seismicity and were observed from wastewater injection wells located 10 or

more kilometers away.
1348

• February 15, 2018 – In Kansas, swarms of earthquakes near oil wastewater disposal wells

began in 2013. By 2017, the prodigious volumes of injected fluid created sufficient

pressure to trigger earthquakes more than 50 miles away and form a “triggering front”

that advanced at an average rate of nearly 10 miles per year along a permeable fault

zone.
1349

A mapping project based on gravity loads, magnetic fields, and seismic activity

dating to 1979 revealed a previously unidentified subsurface fault running from central

Nebraska 200 miles southeast to Kansas.
1350

• February 5, 2018 – Focusing their investigation on areas in Ohio that are isolated from

fracking waste injection activities, researchers found that fracking itself induced

earthquakes in two distinct manners. In some cases, earthquake activity occurred in
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shallow subsurface layers and was of short duration and small magnitude. In other, more

troubling cases, earthquakes were more powerful and took place in very deep layers, far

below the layers being fracked, even when fracking did not directly contact faults in the

basement rock. At three of five sites, earthquake activity continued for over a month after

fracking activities ceased. These results support a causal role for poroelastic stress,

sometimes operating over long distances, in addition to more predictable pore fluid

pressure changes, in the generation of earthquakes by fracking.
1351, 1352

• January 19, 2018 – Some of the largest earthquakes related to fracking have occurred

near Fox Creek, Alberta, in Canada. Using publicly available data, researchers studied

earthquakes induced both by fracking waste injection and by hydraulic fracturing itself.

In both cases, the volume of fluid injected, rather than injection rate or injection pressure,

was most strongly correlated with seismic activity. Geologic factors also played a role,

with earthquakes more likely if fracking and disposal activities were conducted closer to

faulting and areas of stress. Combining injected volume with geologic factors,

researchers developed a model that can predict 96 percent of the seismic variability in the

region, improving hazard estimations. Calculating a “seismogenic activation potential,”

particularly if coupled with microseismic monitoring in real time to detect previously

unknown faulting, may improve earthquake forecasting.
1353

• November 24, 2017 – A team of geologists confirmed conclusively that recent

earthquakes in Texas’ Fort Worth Basin were induced by underground injection of

fracking waste that caused deep, critically stressed faults to slip.
1354

The authors of this

study employed a classical structural geology analysis that relied on high-resolution

seismic reflection imaging, described in an interview with geophysical researcher Maria

Magnani as “a little bit like an ultrasound.”
1355

Maps of the seismically active faults in the

Fort Worth Basin show no evidence of previous motion over the past millions of years

and instead have been “sleeping” for approximately the past 300 million years until

“awakened” at the start of the 2008 earthquake swarm associated temporally with

extensive wastewater injection activities.
1356
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• October 21, 2017 – Extending the findings of two previous studies, an investigation of

earthquakes in the Raton Basin along the border of New Mexico and Colorado identified

wastewater injection wells as the cause of the quakes and identified a mechanism.
1357

Altogether, the location of the earthquakes, modeled pore pressures, and the direct

correlation between cumulative volume of injected waste in nearby wells and the number

of quakes show that seismicity in the Raton Basin is likely induced, and that elevated

pore pressures deep underground are “well above earthquake-triggering thresholds.”
1358

• September 14, 2017 – An investigation by Politico found that the U.S. crude oil storage

hub in Cushing, Oklahoma—the world’s largest store of oil—was not designed with

seismic considerations in mind, nor are there seismic regulations in place for its 250,000-

barrel oil tanks, which are under the purview of the Department of Transportation’s

Pipeline and Hazardous Materials Safety Administration. Central Oklahoma, where

Cushing is located, became seismically active about five years ago when “wastewater

injection and other fracking-related activities changed the seismic face of Oklahoma in

dramatic fashion.”
1359

(See also entry below for November 8, 2016.)

• August 11, 2017 – Using multiple lines of evidence, researchers in China determined that

a series of high-magnitude earthquakes between 2014 and 2017 in Sichuan Basin was

triggered by fracking activities that re-activated pre-existing faults. “The present study

shows that short-term injections (continuing over several months) for shale gas

hydraulic fracturing are … very likely to induce M W 4–5 class earthquakes in sites

with similar geological and tectonic conditions within the southern Sichuan Basin.”
1360

• May 3, 2017 – Studying two patterns of fracking waste injection in Oklahoma, geologists

observed a large, unexpected impact on seismic activity at sites where injection rates

drastically changed in recent years, as compared with those whose injection volumes held

steady. They demonstrated that, in addition to direct pore pressure effects, deformations

due to fluid flows (“poroelastic effects”) play an important role in generating earthquake

activity. Elevated risks for earthquakes can persist years after fracking waste is injected

underground. Their findings also showed that the “magnitude of the initial change in

injection rate is particularly important, but the opposite effect occurs in the transition to

zero injection” (i.e., shut-in or closing a well). This result implies that “in certain faulting

regimes it is theoretically possible to mitigate damaging effects of rapid shut-in by
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carefully tapering injection rates.”
1361

Geophysicist Andrew Barbour, lead author of the

study, said that fluctuating injection rates likely have a “profound effect” on earthquake

risk.
1362

These findings suggest that the 2016 Pawnee earthquake, the strongest

earthquake ever recorded in Oklahoma, may have been triggered by pulses of

underground oil and gas activity years earlier.
1363

• April 27, 2017 – Recognizing that increased seismicity from both hydraulic fracturing

and underground disposal of fracking wastewater poses a hazard to critical infrastructure,

such as large dams, a Canadian geologist proposed strategies to keep the likelihood of

high-failure consequences under one per ten thousand per year.
1364

The primary strategy

is the creation of “no frack” exclusion zones with a 5-kilometer (3.1 mile) radius that

would surround vulnerable, critical facilities. In a larger ring beyond the exclusion zone,

to approximately 25 kilometers (15.5 miles), monitoring and response protocols would be

used.
1365

• March 1, 2017 – Despite decreases of up to 40 percent in the volume of fracking

wastewater injected underground in Oklahoma, researchers from the USGS Earthquake

Hazard Program forecasted that seismic hazards would remain significantly elevated

there throughout 2017, with the odds of damage from induced earthquakes within the

next year “similar to that of natural earthquakes in high-hazard areas of California.”

About three million people in Oklahoma and southern Kansas now live with continuing

increased potential for damaging shaking from induced seismicity.”
1366

According to

Mark Petersen, chief of the USGS National Seismic Hazard Mapping Project, the hazard

risk remains “hundreds of times higher than before man-made activity began.”
1367

• February 17, 2017 – Pennsylvania’s Department of Environment Protection (PA DEP)

announced that a series of small earthquakes in Lawrence County had been induced by
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fracturing of wells in the Utica Shale.
1368

PA DEP officials held a webinar to discuss the

situation and formulate “procedures to reduce seismic risk going forward,” but no formal

report or regulatory changes have yet been made public.
1369

• December 20, 2016 – In an attempt to reduce the risk of earthquakes caused directly by

fracking, the Oklahoma Corporation Commission’s Oil and Gas Conservation Division

introduced monitoring and response guidelines that include provisions requiring oil

producers to “implement mitigation plans following an earthquake of magnitude 2.5 or

more and to suspend operations following a quake of magnitude 3.5 or greater.”
1370

• November 17, 2016 – A study of fault activation found a connection between fracking

and earthquake activity in a region of Alberta, Canada that had previously been

seismically quiescent. The researchers demonstrated that new earthquake activity in the

Fox Creek area was tightly spatially correlated with hydraulic fracturing activities. Their

findings further suggested that seismic activity resulted from “stress changes due to the

elastic response of the rock mass to hydraulic fracturing,” as well as “pore-pressure

changes due to fluid diffusion along a permeable fault zone.”
1371

In contrast to the central

United States, where induced seismic activity is primarily caused by massive

underground disposal of fracking waste, these findings pointed to the fracking process

itself as the trigger. In an interview with the New York Times, co-author David Eaton

compared fracking to a series of “small underground explosions” that travel into the rock

formation and “rapidly change the stress patterns within.” These stress changes can be

sufficient to trigger a slip at a critically stressed, previously undetected fault.
1372

• November 17, 2016 – An investigation by the Dallas Morning News chronicled a pattern

of corruption and regulatory failings at the Texas Railroad Commission, the state agency

charged with overseeing the oil and gas industry, in its disregard of evidence linking

fracking waste disposal to earthquakes in North Texas.
1373

• November 8, 2016 – On November 6, 2016, a magnitude 5.0 earthquake struck Cushing,

Oklahoma near the oil hub where 60 million barrels of crude oil were stored. The quake
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injured one, damaged more than 40 buildings, closed a school, and triggered evacuations.

Oil infrastructure was not damaged.
1374

(See also entry above for September 14, 2017.)

• October 7, 2016 – The EPA recommended a moratorium on the underground injection of

fracking wastewater in certain earthquake-prone parts of Oklahoma after a 5.8 earthquake

struck near Pawnee on September 3, 2016.
1375

The strongest in Oklahoma’s history, the

Pawnee earthquake was felt by residents in five states and prompted a state of emergency

declaration as well as an order from state regulators to shut down 67 wastewater disposal

wells in the area.
1376, 1377

• September 22, 2016 – A study using satellite-based radar imagery found that the earth’s

surface rose, by 3 millimeters per year, in areas of fracking waste injection. Underground

pore pressures for this area exceeded those known to trigger earthquakes. These findings

provide proof that the migration of fracking wastewater into faults increased pressures in

ways that triggered a 4.8 magnitude earthquake in east Texas in 2012. The researchers

emphasized that pore pressure elevation and propagation from fracking wastewater

injection may evolve over periods of months to years before affecting critically stressed

faults.
1378

• September 14, 2016 – Researchers from the USGS used a newly deployed seismic

monitoring network to document the rupture of a fault plane that set off a magnitude 4.9

earthquake in Milan, Kansas in 2014, immediately following a rapid increase in fracking

wastewater injection nearby.
1379

• June 30, 2016 – Using mathematical equations, researchers can replicate the pattern and

intensity of naturally occurring (tectonic) earthquakes in the plots of earthquakes induced

by hydraulic fracturing, wastewater disposal, enhanced geothermal stimulation, and

subsurface injections for research purposes. In these retrospective examinations, the total

number of induced earthquakes follows the volume of fluid injected, while the size of the

largest earthquakes induced is not limited by fluid volumes but instead “whatever it is

that limits earthquake magnitudes on tectonic faults...” That is, there is nothing intrinsic

to the geophysics of induced earthquakes that prevents them from being as large or larger

than previously observed naturally occurring earthquakes.
1380
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• May 2016 – In a study that has “far-reaching implications for assessment of induced-

seismicity hazards,” a Canadian team of researchers determined that hydraulic fracturing

itself is linked to earthquake swarms in western Canada, in contrast to the central United

States where disposal of fracking waste is the cause of most induced seismicity.

Furthermore, lowering the volume of injected fluid may not be sufficient to prevent

quakes. In the Western Canada Sedimentary Basin, “it appears that the maximum-

observed magnitude of events associated with hydraulic fracturing may exceed the

prediction of an often-cited relationship between the volume of injected fluid and the

maximum expected magnitude…. Rather, we propose that the size of the available fault

surface that is in a critical state of stress may control the maximum magnitude…. Our

results indicate that the maximum magnitude of induced events for hydraulic fracturing

may not be well correlated with net injected fluid volume.”
1381

• April 29, 2016 – Five small earthquakes in one 24-hour period originated in an area in

Lawrence County, Pennsylvania near a fracking operation that was drilling into the deep

Utica Shale at the time. Quoted in the Pittsburg Post-Gazette, researchers noted that it is

very difficult for operators to avoid areas with faults because their locations are very

often unknown.
1382

• March 28, 2016 – A summary of the evidence linking drilling and fracking activities to

earthquakes appeared in Scientific American. Emerging data suggests that pressure

changes caused by fracking wastewater injection can migrate for years before

encountering a geological fault and altering stresses in ways that allow for slippage. In

this way, earthquake risks can spread out over both time and space—traveling for miles

beyond the disposal well and persisting for a decade or more as injected fluids travel

underground. In spite of increasing scientific clarity about these mechanisms, regulators

have been slow to respond.
1383

• February 1, 2016 – An article in the Texas Journal of Oil, Gas, and Energy Law

exhaustively reviewed the literature on earthquake activity in areas of six states

(Arkansas, Colorado, Kansas, Ohio, Oklahoma, and Texas) where fracking takes place or

drilling wastes are disposed underground and concluded that courts should impose strict

liability for earthquake damage caused either by fracking itself or by the underground

injection of fracking fluids. “Earthquakes sometimes occur when subsurface formations

are properly fractured. Likewise, the risk of earthquake damage is not substantially

mitigated by the exercise of due care when frack fluids are injected into the ground.”
1384
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• January 22, 2016 – An international research team investigated a swarm of earthquakes in

California’s Central Valley that occurred in 2005. Using hydrogeological modeling, the

researchers concluded that the underground injection of wastewater from oil drilling

operations had contributed to seismicity via changes in localized pressures along an

active fault.
1385

• January 12, 2016 – As reported by CBC News, a Canadian regulatory agency ordered a

drilling and fracking operation in northwestern Alberta to shut down after a magnitude

4.8 earthquake struck nearby. The operator was fracking at the time the earthquake

happened.
1386

• November 15, 2015 – A spokesperson for the Oklahoma Corporation Commission, which

regulates the oil and gas industry in the state, said that Oklahoma now leads the world in

earthquake frequency.
1387

• October 29, 2015 – The Kansas Corporation Commission extended limits on the injection

of wastewater from fracking operations after a drop in the frequency of earthquakes that

followed an earlier order to limit such injections.
1388

Between 2013 and October 2015,

Kansas recorded more than 200 earthquakes. Before that, the average rate was one

earthquake every two years.

• October 23, 2015 – Bloomberg explored the national security risks that fracking-induced

earthquakes in Oklahoma create for the nation’s largest oil storage hub in Cushing, where

aboveground tanks hold more than 60 million barrels of crude oil and serve as a way

station for oil from North Dakota’s Bakken Shale as it heads to Gulf Coast refineries.

Earthquake swarms have hit within a few miles of Cushing and may be harbingers of

larger quakes in the future. “Now that quakes appear to have migrated closer to Cushing,

the issue of what to do about them has morphed from a state issue to one of national

security…. Not only is Cushing crucial to the financial side of the oil market, it is integral

to the way physical crude flows around the country.”
1389

• September 21, 2015 – An international team of geologists investigated possible causes of

the Lusi mudflow, which began suddenly in 2006 when mud began erupting from the
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ground in a volcano-like fashion in an urban area of Java in Indonesia. The ongoing

disaster has, as of 2015, displaced 39,700 people and cost nearly $3 billion in damages

and disaster management. Looking at data on the emissions of subsurface gases before

and after the eruption began, the team concluded that the likely cause was nearby gas

drilling that forced fluid into the clay layer via the open well. “We therefore conclude that

the Lusi eruption was not triggered naturally but was instead the consequence of drilling

operations.”
1390

In interviews with the New York Times, lead author Mark Tinjay said,

“We are now 99 percent certain that the drilling hypothesis is valid,” while other experts

who were not authors of the paper expressed less certainty.
1391

• July 27, 2015 – During a seven-day period in late July, the state of Oklahoma

experienced 40 earthquakes. According to the USGS, three registered above magnitude

4.0, one of which was strong enough to be felt by 1.9 million people, including residents

of several surrounding states.
1392

In response, gas and oil operators voluntarily shut down

two nearby wastewater injection wells and reduced operations by half at a third well.
1393

According to the Oklahoma Geological Survey, the recent quakes are occurring along a

fault line that extends north of Oklahoma City and signal greater potential for a larger

earthquake.
1394

Ten days before the voluntary shutdowns, the Oklahoma Corporation

Commission, which regulates the oil and gas industry, put 211 wastewater disposal wells

under extra review.
1395

The next month, Oklahoma regulators, acknowledging that

previous efforts have been unsuccessful in reducing seismic activity, asked operators of

23 injection wells to decrease the amount of wastewater injected by 38 percent and

signaled that more sweeping regulatory actions may follow.
1396

• July 1, 2015 – Two researchers, from the USGS and the Geological Survey of Canada,

offered a summary of the history, basic geology, and engineering of fracking fluid

injection and induced seismicity. Noting that since 2001 Oklahoma had experienced two

earthquakes of very large magnitude (5.0 and 5.3), the authors called for “a detailed

understanding of the physical processes involved in inducing large magnitude events and

a detailed understanding of the geology and hydrology at the site of the earthquakes.”

They also noted that many important parameters are either unknown or not easily
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constrained, making it “difficult to determine the wells that will induce earthquakes and

those that will not.”
1397

• June 30, 2015 – The Oklahoma Supreme Court ruled that homeowners who have

sustained injuries or property damage that they believe is due to earthquakes caused by

oil and gas operations can sue for damages in state trial courts. The number of

earthquakes with magnitude 3.0 or higher has skyrocketed in Oklahoma, with 1,100

predicted to occur in 2015. Earlier this year, scientists at the state’s geological survey

reversed prior views and embraced the conclusion that the majority of the recent

earthquakes in central and north-central Oklahoma were “very likely triggered” by

underground wastewater disposal. Industry lawyers have complained that liability for

such damages will be economically unsustainable. A separate class action lawsuit is

planned.
1398

• June 19, 2015 – By compiling a database of 187,570 injection wells in the central and

eastern United States, University of Colorado Boulder and USGS researchers were able

to test for associations between fracking waste disposal and earthquakes. Results showed

far more injection wells were potentially related to earthquakes than had previously been

realized, and active disposal-only wells were more than 1.5 times more likely than active

oil extraction wells to be associated with an earthquake. In addition, high-rate injection

wells, receiving more than 300,000 barrels of fluid per month, were much more likely

than lower-rate wells to be associated with an earthquake, while other factors, including

wellhead injection pressure, appeared unrelated to increased earthquake activity. The

study called for managing injection rates as “a useful tool to minimize the likelihood of

induced earthquakes.” The researchers did not address the impact of hydrofracturing

activities per se as a potential confounding variable.
1399, 1400

• June 18, 2015 – Close examination of several areas in Oklahoma by Stanford University

geophysicists revealed that dramatic increases in recent earthquake activity followed 5- to

10-fold increases in deep-well injection of briny “produced water,” the highly salty fluid

that rises to the surface from water-bearing oil reserves and requires disposal. The rate of

earthquake occurrence, which began to increase in 2009, is now 600 times higher than it

was before the onset of widespread fracking in the state. The disposal of this type of

waste in Oklahoma mostly occurs via injection into geological formations that appear to

be in hydraulic communication with potentially active faults in the crystalline basement.

The study proposed that increasing pressure, spreading away from injection wells over

time, could eventually trigger slips on critically stressed faults, resulting in earthquake
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activity. It is likely that, “even if injection from many wells were to stop immediately,

seismicity would continue as pressure continues to spread out from past injection.”
1401

• June 12, 2015 – Researchers in France uncovered an unexpected mechanism by which

subsurface fluid injections, such as those used in high volume hydrofracturing, can cause

earthquakes. They found that injection of pressurized water can cause fault lines to

“creep” rather than slip suddenly as occurs during earthquakes. Earthquakes did follow

this slow movement but took place in a portion of the fault outside the pressurized zone.

This research demonstrated that subsurface injection of fluids under pressure can cause

primary gradual slippage of fault planes leading to secondary sudden seismic activity.
1402,

1403

• June 11, 2015 – As reported by the Vancouver news magazine The Tyee, seismic events

of magnitude greater than 2.0 (but less than 4.0) in the Fox Creek area were reported in

Alberta, Canada since the initiation in February of a novel “traffic light system” for

responding to measured seismic activity. The system requires varying responses

according to the magnitude of the event, ranging from no action up to ceasing operations

and informing the Alberta Energy Regulator for events at magnitudes greater than 4.0.

Experts noted that the system does not work well when the largest event in the sequence

is the first event. Moreover, once a sequence of earthquakes is initiated, the sequence

may continue, sometimes with larger earthquakes, long after potentially causally related

drilling or injection activities have ceased.
1404

• June 1, 2015 – In a data-rich presentation, a team of researchers from St. Louis

University, Colorado State University, and USGS concluded that “a fundamental change

in the earthquake-triggering process has occurred” in central Oklahoma. Using advanced

field monitoring and high-performance software, computer models illustrate active

earthquake sequences associated with long fault structures “that might be capable of

supporting large earthquakes (M 5 to 6)” and possibly cascades of earthquakes, which

could occur near population centers and expensive infrastructure associated with the oil

and gas industry, such as a large underground crude-oil storage facility.
1405

• May 11, 2015 – A series of directives from the Oklahoma Corporation Commission

revealed a slowly evolving approach to the regulation of disposal well operations in that

state, and the gradual tightening of a “traffic light system” introduced in 2013 to

determine whether disposal wells for fracking waste should be permitted, permitted only

with special restrictions and requirements, or not permitted, in light of the now-proven
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connection between the injection of liquid waste and the soaring frequency of

earthquakes in Oklahoma. Since 2013, earthquake activity in Oklahoma has continued to

increase in rate and intensity.
1406, 1407

• April 23, 2015 – In a first-of-its-kind approach, the USGS is updating its National

Seismic Hazard Model to address the rapidly increasing, highly variable, and difficult-to-

predict hazards of induced earthquakes.
1408

This initial report identified 17 areas within

eight states (Alabama, Arkansas, Colorado, Kansas, New Mexico, Ohio, Oklahoma, and

Texas) with increased rates of induced seismicity, including many areas experiencing

earthquakes of large magnitude.
1409

Two days before the release of this report,

Oklahoma’s state government acknowledged for the first time that wastewater disposal

related to oil and gas drilling is “very likely” to blame for the huge surge of earthquakes

in many areas of Oklahoma, the New York Times reported.
1410

Several states have

developed protocols to shut down existing wells and halt drilling of new disposal wells

following an upsurge in earthquake activity.

• April 21, 2015 – Analyzing the unusual increase of seismicity in north Texas since 2008,

researchers from Southern Methodist University, the USGS, and University of Texas at

Austin concluded that observed earthquake swarms were associated both with extraction

(of gas and brine formation waters) and injection (of fracking wastewater), via significant

stress changes at earthquake depths. The research team noted that baseline pressure

monitoring data, though easy to obtain and routinely collected by industry at well sites,

were currently “neither required nor typically available for analysis.” Greater

transparency and cooperation in regional seismic monitoring is needed to generate more

comprehensive data sets that are necessary for robust earthquake hazard analysis, they

asserted.
1411, 1412

• April 21, 2015 – In a statement reporting on an increase in earthquakes in Oklahoma of

greater than magnitude 3.0 from less than two per year historically to over two per day in

2015, the Oklahoma Geological Society acknowledged that that the primary, suspected

source of “triggered seismicity” is the injection and disposal of produced water associated

with oil and gas production.
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• March 30, 2015 – Bloomberg Business reported that Oklahoma state seismologists had

received pressure from oil industry representatives to downplay the evidence linking

fracking wastewater disposal to the soaring frequency of earthquakes in the state.
1414

• March 6, 2015 – A careful and detailed analysis of historical data coupled with onsite,

real-time measurements of seismic activity in central Oklahoma via rapidly deployed

seismic sensors revealed that reactivated ancient faults responsible for thousands of

earthquakes in Oklahoma are capable of causing larger seismic events. Current hazard

maps did not include induced seismicity and therefore underestimate earthquake hazard,

the USGS reported. Until new hazard maps become available, providing information

about the type, length, and location of these reactivated faults could provide guidance to

the oil and gas industry and help inform public policy decisions.
1415

In addition, noted

lead author Dan McNamara, such information can “aid in adapting building codes to

ensure that structures can withstand more damaging earthquakes.
1416

• February 20, 2015 – Scientists with the USGS reported in Science about grappling with

an unexpected increase in injection-related seismic activity across the middle of North

America. In 2014, the number of measured earthquakes with magnitude of 3 or greater in

Oklahoma exceeded that in California, and observations increasingly suggested that the

effects of fluid injection were not confined to the target formation but instead were

communicated, sometimes to greater depths, along pre-existing faults. Making hazard

modeling more difficult, “most of these faults are only detected when they are imaged by

well-located induced earthquakes.” Consequently, predicting and controlling such

seismic activity may not be possible, leading to a recommendation that injection projects

should be sited away from population centers.
1417

• February 5, 2015 – Citing an association between increased water use and fracking-

induced seismic activity, a research scientist at the Geological Survey of Canada offered

the quantity of water injected underground as his hypothesis for an observed increase in

the frequency and magnitude of earthquake activity in areas near fracking wells.

Although the Council of Canadian Academies in 2014 called for more monitoring and

data collection, there are only ten monitoring stations in British Columbia, overseeing the
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operations of thousands of fracking wells, reported the Vancouver Observer.
1418

• January 29, 2015 – The industry-funded Alberta Energy Regulator confirmed that the

location of an earthquake of magnitude 4.4 near Fox Creek, Alberta, was “consistent with

being induced by hydraulic fracturing operations,” making it the largest felt earthquake

yet believed to be related to fracking. Despite claims from industry that tremors related to

deep-level fracking could never reach magnitudes that would allow them to be felt on the

surface, Gail Atkinson, who holds the Canada Research Chair in Induced Seismicity

Hazards at Western University in Ontario, noted, “With fracking, the magnitudes have

been increasing every year.”
1419

• January 6, 2015 – Using a specialized program, Miami University researchers analyzed

data from multiple seismic stations and determined that a cluster of 77 earthquakes in

Poland Township, Ohio, which occurred over the course of a little more than a week, was

related temporally and spatially to active hydraulic fracturing operations. When the

fracturing operations were shut down, the rate of earthquake activity declined to only 6

events in the next 12 hours and only a single event over approximately the next two

months. Among this cluster of seismic activity, an earthquake of magnitude 3.0 ranks as

one of the largest earthquakes in the United States to be induced by hydraulic fracturing.

The mechanism for these earthquakes appears to be induction of slip along a pre-existing

fault or fracture zone. Because “no known fault or historical seismicity had been

[previously] identified in the area,” regulations prohibiting fracturing within three miles

of a known fault would not have been protective.
1420, 1421

• December 18, 2014 – In Canada, an investigation by the British Columbia Oil and Gas

Commission found that induced seismicity in the Horn River Basin could be attributed

both to wastewater disposal and to hydraulic fracturing operations. The Commission

recommended mitigation of induced seismicity from wastewater disposal by “reducing

injection rates, limiting the increase in [subsurface] reservoir pressure, and locating distal

from faults,” among other mitigation techniques.
1422, 1423

• October 23, 2014 – Researchers from USGS and the Global Seismological Services in

Golden, Colorado, linked a 2011 magnitude 5.3 earthquake in Colorado, which damaged
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the foundations of several homes, to underground disposal of fracking wastewater. The

study determined that the earthquake ruptured an 8-10 kilometer-long segment of normal

faults—an unexpectedly long length for a magnitude 5.3 earthquake—suggesting that

wastewater disposal may have triggered a low stress drop.
1424

Lead author Bill Barnhart,

a USGS geophysicist, told Reuters, “We saw a big increase in seismicity starting in 2001,

including magnitude 5 earthquakes, in many locations in the basin, and that coincided

with a surge in gas production and injection of wastewater.”
1425

• September 23, 2014 – Youngstown State University geologist Ray Beiersdorfer described

increased seismic activity in Youngstown, Ohio in an essay that explores how fracking

and fracking-related processes are causing “earthquake epidemics” across the United

States.
1426

• September 15, 2014 – Researchers at the National Energy Technology Laboratory teamed

up with researchers from industry and academia to publish data and analysis from a

closely watched project that involved field monitoring of the induced fracturing of six

horizontal Marcellus Shale gas wells in Greene County, Pennsylvania. Touted in earlier

media reports as demonstrating that, during short-term follow-up, fracking chemicals

injected into these six wells did not spread to overlying aquifers
1427
, the study’s most

notable finding is striking documentation of fractures from three of the six wells

extending vertically to reach above an overlying rock layer previously thought to create

an impenetrable “frac barrier” (that is, an upper barrier to fracture growth). In one case, a

fracture extended vertically 1,900 feet, a surprisingly far distance. No pre-existing fault

had been detected at this location, suggesting that small “pre-existing fractures or small-

offset (sub-seismic) faults may have focused the energy of hydraulic fractures on certain

areas….” Perhaps because of the extremely small sample size and a design focused

primarily on monitoring for potential gas and fluid migration, the study’s analysis

includes no discussion of the seismic relevance of extremely long, vertical induced

fractures.
1428

• September 15, 2014 – Scientists from USGS ascribed causality to wastewater injection

wells from coal-bed methane production for increases in seismic activity in New Mexico

and Colorado and, in particular, for an earthquake that measured magnitude 5.3 in
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Colorado in 2011—the second largest earthquake to date for which there is clear

evidence that the earthquake sequence was induced by fluid injection.
1429

• September 6, 2014 – The Ohio Department of Natural Resources suspended operations at

two deep-injection wells for fracking wastewater near Warren in northeastern Ohio after

discovering evidence that the operation possibly caused a magnitude 2.1 earthquake. The

injection well operator, American Water Management Services, had recently received

permission to increase pressures at the site of the wells. In 2012, Governor John Kasich

had halted disposal of fracking wastewater surrounding a well site in the same region

after a series of earthquakes were tied to a deep-injection well. The company that ran that

well has disputed the link. The state placed seismic-monitoring devices in the Warren

area under protocols adopted after the series of earthquakes in nearby Youngstown.
1430

• September 1, 2014 – Explaining the need for increased seismic monitoring,

Andrew Beaton, Director of the Alberta Geological Survey, stated that over a long period

of time, stresses increase in and around an injection wellbore. Seismic movement can be

caused if the rate of injection is too fast or if there is a geological feature, such as a fault

or fracture in nearby areas. Although Albertans in rural areas have been reporting for

years that they can feel tremors under their feet near oil and gas activity, especially

around areas of fracking, the Alberta Energy Regulator noted that deep well injections

have been shown to create more of an earthquake hazard than hydraulic fracturing.

Alberta experienced 819 earthquakes between 1918 and 2009. In comparison,

Saskatchewan recorded 13 in the same time period and British Columbia recorded more

than 1,200 earthquakes in 2007 alone. There are currently 24 seismic monitors in Alberta,

which are tied into other networks, such as those belonging to Environment

Canada, University of Calgary, and University of Alberta.
1431

• August 26, 2014 – In a first-of-its-kind lawsuit, a resident of Prague, Oklahoma, sued two

energy companies after rocks fell from her chimney and injured her leg during an

earthquake of greater than magnitude 5. The lawsuit claims that underground injection of

fracking wastewater conducted by New Dominion LLC and Spess Oil Company has

caused shifts in fault lines that have resulted in earthquakes.
1432

• July 31, 2014 – William Ellsworth, a research geophysicist at the USGS Earthquake

Science Center, reported that USGS is developing a hazard model that takes induced

earthquakes into account. In addition, residents of Oklahoma, where a sharp spike in
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earthquake activity has been noted over the past decade, are showing an increased interest

in obtaining earthquake insurance.
1433

• July 3, 2014 – Using data from the Oklahoma Corporation Commission, a team of

researchers led by Cornell University geophysicist Katie Keranen found that a steep rise

in earthquakes in Oklahoma can be explained by fluid migration from wastewater

disposal wells. Moreover, injected fluids in high volume wells triggered earthquakes over

30 kilometers (over 18 miles) away. All of the wells analyzed were operated in

compliance with existing regulations. Similar mechanisms may function in other states

with high volumes of underground injection of wastewater from unconventional oil and

gas production.
1434

Reporting on the study and the increase in earthquakes across the

United States and the link to fracking and wastewater disposal, the Associated Press

noted that some states, including Ohio, Oklahoma, and California, have introduced new

rules compelling drillers to measure the volumes and pressures of their injection wells as

well as to monitor seismicity during fracking operations.
1435

• July 1, 2014 – Seismologists linked the emergence of a giant sinkhole that formed in

August 2012 near Bayou Corne in southeast Louisiana to tremors (earthquakes) caused

by high-pressure pulses of either natural gas or water charged with natural gas. The

surges of natural gas that caused the explosive tremors (earthquakes) may have weakened

an adjacent salt cavern and caused its collapse. Alternatively, part of the salt cavern may

have collapsed, causing a nearby gas pocket to give off surges of gas, later followed by

the complete collapse of the salt cavern. These findings help illuminate the role of

pressurized fluids in triggering seismic events.
1436

• June 24, 2014 – Following two earthquakes within a one-month period, the Colorado Oil

and Gas Conservation Commission directed High Sierra Water Services to stop disposing

wastewater into one of its Weld County injection wells. Monitoring by a team of

seismologists from the University of Colorado had picked up evidence of continuing low-

level seismic activity near the injection site, including a magnitude 2.6 event less than a

month following a magnitude 3.4 earthquake that shook the Greeley area on May 31,

2014.
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• May 6, 2014 – The USGS and Oklahoma Geological Survey (OGS) jointly issued an

official earthquake warning for Oklahoma, pointing out that the number of earthquakes in

the state has risen 50 percent since just October—when the two agencies had issued a

prior warning. The advisory stated that this dramatic increase in the frequency of small

earthquakes “significantly increases the chance for a damaging quake in central

Oklahoma.” Injection wells used for the disposal of liquid fracking waste have been

implicated as the presumptive cause of the earthquake swarm. According to the OGS,

about 80 percent of the state of Oklahoma is closer than ten miles from an injection

well.
1438

Since the joint earthquake advisory was released in May, the number of

earthquakes in Oklahoma has continued to rise. During the first four months of 2014,

Oklahoma had experienced 109 earthquakes of magnitude 3 or higher on the Richter

scale. By mid-June, the number of earthquakes had topped 200, exceeding the frequency

of earthquakes in California.
1439

• May 2, 2014 – At the annual meeting of the Seismological Society of America, leading

geologists warned that the risks and impacts of earthquakes from fracking and injection

wells are even more significant than previously thought, pointing out that such

earthquakes could occur tens of miles away from wells themselves, including quakes

greater than magnitude 5.0. Justin Rubinstein, a research geophysicist at the USGS said,

“This demonstrates there is a significant hazard. We need to address ongoing

seismicity.”
1440

Seismologist Gail Atkinson reported, “We don’t know how to evaluate

the likelihood that a [fracking or wastewater] operation will be a seismic source in

advance.”
1441

• April 11, 2014 – State geologists reported a link between fracking and a spate of

earthquakes in Ohio, prompting the Ohio Department of Natural Resources to place a

moratorium on drilling in certain areas and to require greater seismic monitoring.
1442

• April 3, 2014 – Researchers linked earthquakes in Mexico to fracking in the Eagle Ford

Shale, which extends beneath both southern Texas and northern Mexico. They also noted

a statistical correlation between seismic activity and fracking, particularly in the border
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state of Nuevo Leon, which registered at least 31 quakes between magnitude 3.1 and

4.3.
1443

• April 2014 – Researchers from the University of Alberta and the Alberta Geological

Survey published a study in the Journal of Geophysical Research that found wastewater

injection in Alberta is highly correlated with spikes of seismic activity between October

2006 and March 2012.
1444

On November 13, 2014, CBC News reported on a more recent

increase in earthquakes, which may also be linked to injection wells.
1445

• March 7, 2014 – USGS researchers published a study confirming that Oklahoma’s

damaging magnitude 5.7 earthquake in 2011 was caused by fracking wastewater

injection.
1446

One of the authors of the study, seismologist Elizabeth Cochran, noted,

“Even if wastewater injection only directly affects a low-hazard fault, those smaller

events could trigger an event on a larger fault nearby.”
1447

• January 30, 2014 – A USGS research team linked the rise in earthquakes in Colorado to

fracking wastewater injection wells and announced that a study will be published in six to

nine months.
1448

• December 12, 2013 – The New York Times detailed the growing link between fracking

wastewater injection wells and earthquakes, as well as between fracking itself and

earthquakes, with a focus on Oklahoma and a recent magnitude 4.5 earthquake there. As

the New York Times noted, “Oklahoma has never been known as earthquake country,

with a yearly average of about 50 tremors, almost all of them minor. But in the past three

years, the state has had thousands of quakes. This year has been the most active, with

more than 2,600 so far, including 87 last week…. State officials say they are concerned,

and residents accustomed to tornadoes and hail are now talking about buying earthquake

insurance.”
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• November 19, 2013 – Reuters reported that a series of Oklahoma earthquakes in

September of 2013 damaged several homes, and that more scientists in a number of states

are concerned about earthquakes related to oil and gas development. Seismologist Austin

Holland with the University of Oklahoma said, “This is a dramatic new rate of

seismicity.”
1450

• July 19, 2013 – A study from the Lamont-Doherty Earth Observatory linked 109

earthquakes in Youngstown, Ohio to fracking wastewater disposal.
1451, 1452

• July 11, 2013 – A study in Science by Columbia University’s Lamont-Doherty Earth

Observatory showed that deep-well injection of fracking waste can stress geological

faults in ways that make them vulnerable to slipping. The research shows that distant

natural earthquakes triggered swarms of smaller earthquakes on critically stressed faults.

The researchers wrote, “The fluids [in wastewater injection wells] are driving the faults to

their tipping point…. Areas with suspected anthropogenic earthquakes are more

susceptible to earthquake-triggering from natural transient stresses generated by the

seismic waves of large remote earthquakes.”
1453

• April 2013 – A group of British researchers stated that hydraulic fracturing itself was the

likely cause of at least three earthquakes powerful enough to be felt by human beings at

the surface. The researchers proposed that increases in the fluid pressure in fault zones

were the causal mechanism for these three known instances of “felt seismicity” in the

United States, Canada, and the United Kingdom. The largest of these earthquakes was a

magnitude 3.8 in the Horn River Basin, Canada.
1454

• March 26, 2013 – Scientists from the University of Oklahoma, Columbia University and

USGS linked a 2011 swarm of earthquakes in Oklahoma to fracking waste disposal in

that state.
1455

This included a magnitude 5.7 earthquake—possibly the largest ever

triggered by wastewater injection—that injured two people, destroyed 14 homes, and was

felt across 17 states.
1456

The research team concluded in a paper in the journal Geology
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that their data called into question the previously predicted maximum size of injection-

induced earthquakes.
1457, 1458

• December 14, 2012 – At a 2012 American Geophysical Union meeting, scientists

presented data and concluded that some U.S. states, including Oklahoma, Texas and

Colorado, have experienced a significant rise in seismic activity coinciding with a boom

in gas drilling, fracking and wastewater disposal. Scientists further found that Oklahoma

has seen a significant increase in earthquakes linked to wastewater injection, that a 5.3

earthquake in New Mexico was linked to wastewater injection, and that earthquakes were

increasingly common within two miles of injection wells in the Barnett Shale region of

Texas. Art McGarr, a researcher at the USGS Earthquake Science Center, concluded that,

“The future probably holds a lot more in induced earthquakes as the gas boom

expands.”
1459

• November 30, 2012, January 11, 2012, December 22, 2009 – In three different sets of

comments on proposed fracking guidelines and regulations, citing scientific reports

linking oil and gas infrastructure to seismic activity, the New York City Department of

Environmental Protection (NYC DEP) raised serious concerns about the impacts of

potential seismic activity from fracking-related activities on New York City’s water

supply infrastructure. Between 2009 and 2012, the NYC DEP consistently raised

concerns that seismic activity surrounding New York City’s aquifers and watershed

infrastructure could threaten the city’s drinking water supply by triggering microseismic

events and small induced earthquakes that, in turn, could threaten the integrity of the

aging, 100-mile-long aqueducts that carry drinking water from the Catskill Mountains

into the New York City metropolitan area. The agency expressed specific concerns about

the ability of hydraulic fracturing fluids to migrate underground and to intercept and

reactivate faults miles away.
1460, 1461, 1462

• September 6, 2012 – The British Columbia Oil and Gas Commission determined that

fracking itself causes earthquakes, pointing to the results of a probe into 38 seismic
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events near fracking operations in the Horn River Basin. The report noted that no quakes

had been recorded in the area prior to April 2009, before fracking began. The report

recommended that the link between fracking and seismic activity be further examined.
1463

• March 29, 2012 – The USGS found that between 2001 and 2011, there was a six-fold

increase in earthquakes greater than magnitude 3.0 in the middle of the United States that

“are almost certainly manmade.” The agency further reported that the increase appears to

be linked to oil and gas production and deep injection of drilling wastewater.
1464, 1465

• July 31, 2011 – Numerous earthquakes in Arkansas motivated the Arkansas Oil and Gas

Commission to shut down a disposal well and enact a permanent moratorium on future

disposal wells in a nearly 1,200 square-mile area of the Fayetteville Shale.
1466

• March 10, 2010 – In Texas, a 2008-2009 swarm of earthquakes in the Dallas-Fort Worth

area was linked to produced water disposal wells.
1467

• June 12, 2009 – The Wall Street Journal reported that earthquakes shook Cleburne,

Texas, a small town at the epicenter of fracking activity. More earthquakes were detected

during that period of fracking activity than in the previous 30 years combined.
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Abandoned and active wells as pathways for gas and fluid migration

Individually or together, abandoned and active wells can serve as underground conduits for the

migration of fluid and vapors. The most probable pathway of contaminant transport takes place

outside the well casing, allowing leaks to migrate upward within the well, contaminating soil or

groundwater and emitting methane into the atmosphere. A 2020 investigation in Pennsylvania

identified uncemented sections of well casings as the most common cause of water

contamination incidents.

The proportion of active wells that leak gas and fluids is unknown, but a 2021 study that

examined the records of more than 100,000 oil and gas wells in three states estimates an overall

leakage of 14.4 percent with fracked and horizontal wells showing a higher frequency of leaks

than vertical wells (30.3 percent versus 11 percent). The cost of remediating fracked wells at the

end of their lifespan is also significantly higher than for conventional wells, with costs that can

exceed $100,000 per well.

Most fracking operations take place in oil and gas fields with a long history of conventional

drilling and therefore with many abandoned wells. Multiple lines of evidence reveal that

abandoned wells can and do allow pressurized fluids and gases to migrate to the surface and, in

some cases, intersect active wells. Whether plugged or unplugged, abandoned wells are a

significant source of methane leakage into the atmosphere and, based on findings from New

York and Pennsylvania, may exceed cumulative total leakage from oil and gas wells currently

in production. No state or federal agency routinely monitors methane leakage from abandoned

wells. A 2021 study found that annual methane emissions from abandoned oil and gas wells

might be underestimated by as much as 150 percent in Canada and 20 percent in the United

States. A 2022 study of methane leaks from more than 2,500 wells in northern Colorado found

widespread well casing failures throughout the region.

The location and status of most abandoned wells are not recorded in state databases, and many

remain unplugged. Of the approximately 4,700,000 oil and gas wells in the United States, close

to 3 million are no longer in production and an estimated 2.6 million are unplugged. These

numbers are likely underestimates because of poor recordkeeping. As many as 750,000 to 1

million abandoned wells are orphaned: their owners either cannot be located at all or are unable

pay the costs of decommissioning them. In Pennsylvania alone, 24,619 wells are documented as

abandoned with an additional estimated 200,000 wells orphaned and unaccounted for in state

records. In California, 5,540 wells are orphaned or at high risk of becoming orphaned. In the

United States, the number of abandoned wells increased by over 12 percent since the onset of

the fracking boom in 2008. The number of orphaned wells in the United States is expected to

increase as the economy transitions to renewables.

$300 billion is the estimated cost of cleaning up and remediating of the entire U.S. inventory of

abandoned wells. This cost is likely to rise, according to a 2021 analysis, as newer abandoned

wells tend to be fracked wells which are much deeper and more difficult and expensive to

remediate.
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Most abandoned wells are not adequately bonded, leaving the full cost of plugging them to state

or federal taxpayers. The financial stress of continued low prices led to a 50 percent rise in

bankruptcies in 2019 and a further increase in orphaned wells. Also in 2019, the U.S.

Government Accountability Office (GAO) reported that 84 percent of bonds for extraction of oil

and gas on federal lands were insufficient to cover cleanup costs. The federal Bureau of Land

Management (BLM) lacks good methods for tracking idle oil and gas wells drilled on public

lands, and funding is inadequate to plug those orphaned wells which have already been

identified.

• May 29, 2023 – A University of California, Santa Barbara team undertook a critical

analysis of the world’s estimated 29 million abandoned oil and gas wells, focusing on the

challenges for decommissioning them. The issue has both global and local consequences.

Globally, abandoned wells emit over 2.5 million tons of methane annually, while the

toxic chemicals associated with them contaminate local air and water. In the United

States, 14 million people live within one mile of an abandoned or orphaned well and

these wells are often located near marginalized communities. No national database of

well locations exists in the United States, and historical records of old wells are

incomplete. As more abandoned wells continue to be discovered and as new wells

continue to be drilled, the number of wells requiring decommissioning continues to rise.

The process of decommissioning is expensive. In California, for example, the average

cost to plug an orphan well is $68,000. The research team found that the surety bonds

required of corporations to cover these costs are typically inadequate and that

corporations often use evasion tactics such as offloading liabilities, shell companies, and

bankruptcy to avoid responsibility. The costs of decommissioning thus often falls to

taxpayers. The authors recommend the development of long-term plans for

decommissioning fossil fuel infrastructure as an important facet of a transition to clean

energy. These plans should include addressing corporate responsibility, funding, ongoing

monitoring of decommissioned wells, and improving the database of orphaned and

abandoned wells.
1469

• May 19, 2023 – A chemical analysis of the gaseous emissions from 48 abandoned wells

(8 plugged and 40 unplugged) in western Pennsylvania found frequent detections of

benzene and other volatile organic compounds (VOCs), including hexane, cyclohexane,

and heptane. Benzene, toluene, and xylene levels were significantly higher than the

California Chronic Reference Exposure levels, with the health risk dominated by benzene

(a known carcinogen). The rate of emission of VOCs depended on the flow rate of the

gas stream and the concentration of VOCs in the gas. Carbon monoxide was detected in

19 percent of wells, and hydrogen sulfide was detected at some, suggesting that

abandoned wells should be routinely screened for those gases. Gas was detectable at the

ground surface for 11 percent of tested wells, indicating that measurements should be

made both before and after remediation. According to a proximity analysis, almost 41

percent of abandoned wells in Allegheny County, Pennsylvania were located within 100

meters of a residence, with some much closer. The authors recommend further studies to
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determine whether emissions from abandoned oil and gas wells pose a health risk to

people living near them. According to Pennsylvania Department of Environmental

Protection records, 24,619 abandoned oil and gas wells are scattered across the state;

another estimated 200,000 abandoned and orphaned wells are undocumented and

unrecorded.
1470

• March 9, 2023 – As part of the NASA Arctic-Boreal Vulnerability Experiment (ABoVE),

which examines the vulnerability and resilience of ecosystems in Alaska and Western

Canada, a team of researchers examined the impacts of the region’s 242,007 documented

oil and gas wells. Database analysis indicates that 63 percent of wells are abandoned and

19 percent remain unplugged. The permafrost, present in most of that area, is thawing.

The resulting changes in landform may further compromise well integrity. Methane

emissions in the ABoVE domain were estimated to be more than 200 percent higher than

Canadian Greenhouse Gas Reporting Program estimates and collectively represented

about 30 percent of total Canadian anthropogenic methane emissions. Oil and gas

activities may also be contributing to loss of evergreen forest. The wide range of

estimates of methane emissions in this study indicate a need for better evaluation of

abandoned oil and gas wells in this region, including verification of site locations and

improvement of well databases.
1471

• March 6, 2023 – A critical review of the available literature on emissions from both

abandoned and active oil and gas wells sought to evaluate factors that can affect leakage

and consider options for remediation. Conventional and fracked wells were not separately

considered. Variables that consistently affect leakage included production type

(conventional vs. unconventional), well location, plugging status, reservoir pressure, and

deviation of the wellbore. Regulations regarding monitoring and plugging of inactive and

abandoned wells varied across Canada and the United States, and these are often not

enforced. The authors recommend strictly enforced regulations regarding monitoring and

repair of leakage and stricter timelines for plugging abandoned wells. Studies across

wider geographic areas were also recommended.
1472

• January 24, 2023 – In Pennsylvania, a state law directs how federal funds for oil and gas

well plugging should be used, but the same law disallows the Environmental Quality

Board from setting bonding requirements for conventional wells. As part of an

investigation prompted by this law, the Pennsylvania Department of Environmental

Protection found that conventional well operators frequently ignore state laws requiring

them to report information about the status of their wells without consequence and that

3,000 newly abandoned wells over the past five years remain unplugged. Other
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unreported violations included drilling fluid spills. The cost to decommission and plug

one well in Pennsylvania is $30,000. The state has an estimated 200,000 wells to

decommission, indicating a massive financial risk not compensated by the current

bonding requirements.
1473, 1474

• November 15, 2022 – The surface casing of an oil or gas well is a steel pipe around the

well forming a barrier to fluid migration and extending below the lowest level of potable

groundwater. Measurements of casing pressure and casing vent flow at the surface are

indicators of well casing integrity and can help assess the potential for environmental

contamination. A research team led by the U.S. Department of Energy’s National Energy

Technology Laboratory analyzed geochemical samples collected from the surface casings

of 2,573 wells in northern Colorado as part of a publicly available dataset. Available

carbon isotope analysis enabled the research team to assess whether the surface gas

originated from microbes (biogenic origin) or from deep geological strata (thermogenic

origin). The results showed that the methane leaking from the surface casing was

thermogenic, indicating that its origin was a subsurface reservoir. Furthermore, benzene,

toluene, ethylbenzene, and xylenes (BTEX) exceeding the EPA maximum contaminant

level were found in almost all samples tested for those compounds. Assessment of

possible gas migration pathways indicated that “gas migration into the surface casing

annulus predominantly occurs through compromised barriers (e.g., steel casings or

cement seals), indicative of extensive integrity issues in the region.” The authors

recommend monitoring and correcting elevated surface casing pressures to avoid release

of subsurface gas and fluids.
1475

• August 22, 2022 – The United States Geological Survey created a publicly available

database of 117,672 unplugged, orphan oil and gas wells across 27 different states. This

database includes location coordinates and well type (i.e. oil, gas, or both). The definition

of “inactive” varies by state, ranging from 6 to 24 months of lack of production.

Orphaned, in this context, signifies that a party responsible for management of the well

cannot be located. There is no distinction between conventional and fracked wells in this

dataset.
1476

• February 3, 2022 – A McGill University research team evaluated methane and hydrogen

sulfide emissions from 63 oil and gas wells in Ontario, Canada. The wells were classified

according to their production status as abandoned, marginally producing, or active. A

wetland area over a possible undocumented well was also tested. The results showed that
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wells emitting hydrogen sulfide also emitted methane at the highest rates. Hydrogen

sulfide is highly corrosive and has the potential to deteriorate wellbore cement and steel.

The next highest methane emitters were marginal and unplugged, abandoned wells.

Abandoned plugged wells were the lowest emitters, but the team noted that the average

methane emission from those wells nevertheless markedly exceeded that reported in the

Canadian National Inventory Report. That report also appeared to underestimate active

and marginal well emissions. Recommendations include further studies to determine the

true number of undocumented wells in Canada and more regulatory oversight to ensure

well monitoring , licensing, and plugging.
1477

• October 16, 2021 – Working in British Columbia, an international research team

simulated a well integrity failure in order to characterize surface methane emissions from

gas migration in a structurally compromised well. Researchers synthesized a gas that

matched the composition of the gas in the underlying shale basin and injected it at a

constant rate 26 meters below the surface at the base of an aquifer, to simulate a well

casing integrity failure. Gas migration at the surface was measured in 12 chambers as

well as by eddy-covariance flux of atmospheric methane. Soil gas was collected at 22

monitoring wells. As an incidental finding, one of the monitoring wells provided an

unexpected pathway for gas migration. Approximately 25 percent of the injected gas was

detected as surface emissions even though the immediate subsurface soil had low

permeability. The research team documented that subsurface gas was able to migrate

against the direction of groundwater flow. Most of the injected gas remained confined

underground, suggesting the possibility of risk to groundwater.
1478

• July 14, 2021 – An economic analysis by the U.S. non-profit organization Resources for

the Future provided cost estimates for decommissioning the nation’s more than 2.1

million non-producing but unplugged oil and gas wells. The authors note that

decommissioning is an expensive, multi-step process that involves not only plugging the

wellbore but also removing equipment and restoring the well pad. Factors affecting the

full cost of plugging and reclamation included well depth, well age, and the surrounding

topography. Bonding requirements prior to drilling are inadequate to cover the full costs

of decommissioning. Hence, well operators often declare bankruptcy or cannot be

located, leaving taxpayers to foot the bill. Analyzing data from over 19,500 oil and gas

wells, the study found that the median costs for plugging only was $20,000 but the full

decommissioning cost, including surface reclamation, was $75,000 per well. “Each

additional 1,000 feet of well depth increases costs by 20%, older wells are more costly

than newer ones, natural gas wells are 9% more expensive than wells that produce oil,

and costs vary widely by state. Surface characteristics also matter: each additional 10 feet

of elevation change in the 5-acre area surrounding the well raises costs by 3%.” The

authors suggest that bonding requirements could be improved by accounting for these
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factors and that decommissioning costs could be improved somewhat by “contracting in

bulk.” Site surface restoration adds considerably to cost, but is estimated to add

ecosystem service benefits of approximately $49,000 per well.
1479

• July 1, 2021 – As reported in the Los Angeles Times, an analysis by the National Parks

Conservation Association (NCPA) identified almost 32,000 orphaned oil and gas wells

within 30 miles of national parks nationwide. They are not productive, have not been

properly plugged, and the owners are bankrupt or cannot be found. An interactive map of

national parks and orphaned wells shows that about 5,700 of these wells are near the

Santa Monica Mountains National Recreation Area. These leaky wells contribute to poor

air quality, and aside from contributing to climate change, increase the threat of wildfires,

contaminate aquifers, and harm the ecosystem. About 120,000 jobs could be created by

the federal government by a national program to plug orphaned wells, potentially keeping

oil and gas workers employed during the switch to renewables. And yet, as America

Fitzpatrick, energy program manager at NPCA, noted, such public works projects

represent indirect subsidies to the oil and gas industry. “It’s really unfortunate that the

American taxpayer has (had) to address the cleanup that these oil and gas companies

1480should really be responsible for.”

• June 25, 2021 – An analysis in the California newspaper Desert Sun, explicates how

companies use bankruptcy protection to shift the clean-up costs of abandoned wells to

taxpayers. Oil and gas companies are required to put up bonds for cleanup prior to the

onset of drilling, but the required amounts are often grossly inadequate to cover the costs.

Companies have no incentive to spend more money, and essentially walk away. Since

2015, over 260 oil and gas companies have filed for chapter 11 bankruptcy in North

America, essentially reaping the profits of fossil fuel extraction but leaving the

responsibility and costs to state and federal governments. Only $110 million in bonding

has been set aside for remediating California’s depleted oil and gas wells, while the

cleanup costs are estimated to be in the billions. California state Senator Monique Limon

commented that the problem of companies leaving California with a cleanup bill

“absolutely is a systemic issue.” Rincon Island, an artificial island built in the 1950s to

drill for oil is a case in point. It has not produced oil since 2008, has been cited for

multiple violations, and has changed hands many times. Purchased in 2002 in a

bankruptcy sale, the buyer then filed for bankruptcy and taxpayers were left with a $27

1481million tab.

• May 10, 2021 – Since the mid-1880s, over one quarter million wells have been drilled in

Ohio. Identifying which ones have been properly plugged and which should be deemed
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orphans is difficult work. Many are found only after problems are reported. For example,

one old well was discovered under the gym floor of an Ohio elementary school.

Magnetometers mounted on drones can scan a large area and identify anomalies in the

ground’s magnetic field that signify the presence of a vertical well casing. In a recent

study, this technique located almost 90 possible wells in an area where records had

indicated only 39. Not all old wells retain their original metal casings; in these cases, the

use of LIDAR (LIght Detection And Radar) technology may be needed. Ohio hopes to

use these both techniques to identify orphan wells and is also planning to increase the rate

of plugging them. The Ohio Department of Natural Resources has set a goal of locating

and plugging at least 200 depleted wells a year, but, at this pace, hundreds of years would

be required to plug all of them. Use of high-tech tools like magnetometers and drones

could help by identifying wells nearby to an existing remediation site, thereby allowing

contractors to batch plugging jobs together. According to proponents of this plan,

plugging Ohio’s abandoned wells could create at least 8,000 jobs over a 20-year period, a

cost-effective measure that brings ecosystem benefits, especially when weighed against

1482the social costs of greenhouse gas emissions.

• May 7, 2021 – In early 2020, Canada allocated $1.7 billion in federal funding to clean up

orphaned and inactive oil and gas wells owned by companies that were financially

incapable of doing so. The province of Alberta alone received $1 billion. An

investigation by a nonprofit news organization, the Narwhal, found that half of the

funding went to help clean up sites owned by eight of Canada’s largest oil and gas

companies. Sites owned by Canadian Natural Resources Limited were allocated over

$102 million, despite the company having reported an average of $1.9 billion in annual

net profits over the last decade and having increased shareholder dividends by 11 percent

in March 2021. Among other findings: bonds required of companies in Alberta to ensure

adequate funding of cleanup are inadequate, and no legislation indicates when wells must

be sealed. Further, the current estimated cost of cleanup is about $30 billion, but only

$216 million in bonds are held for this purpose. Morrigan Simpson-Marran, an analyst

with the Pembina Institute, has urged a redirection of federal money to help smaller

companies address their orphan well problem and regulations requiring larger companies

1483to clean up their own wells.

• May 2, 2021 – A proposed $30 million project to plug 1,600 oil wells in Pennsylvania’s

Allegheny National Forest has been plagued with delays, possible fraud, and allegations

of criminal felonies. Resources Preservation, legally responsible for plugging the wells,

created a partnership with AquaPower Holdings, which has floated a complex plan that

requires the purchase of a decommissioned power plant and wastewater treatment

facility. Sand would be transported in one direction, and salt would be transported back.

Coal fly ash would be mixed into concrete to be used for new roads and well pads, while

fracking wastewater would be turned into road salt and other salable products that would
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then pay to plug old wells. The legal agreement with the Pennsylvania Department of

Environmental Protection (DEP) required Resources Preservation to plug at least 10

wells and return 60 abandoned wells to production by the end of 2020. However, 15

months after the agreement, there has been no progress, and Resources Preservation has

stated that it lacks financial resources to proceed, and blames AquaPower, which has not

made required payments to Resources Preservation totaling $600,000. The state of

Pennsylvania has subpoenaed financial records and plans to use forensic accountants to

evaluate the issue. Financial hardship does not excuse the company from its obligations,

as noted by EPA enforcement officer Leah Zedella. “Compliance with the Safe Drinking

Water Act is required without contingencies.” At the time of publication Resources

1484
Preservation had plugged only one well and paid for it by selling equipment.

• April 28, 2021 – There are approximately 4,700,000 oil and gas wells in the United States

and 790,000 in Canada. About 60 percent of these are inactive but only one in three of

the inactive wells are plugged. The number of wells no longer in production is likely an

underestimate because of poor recordkeeping of older wells. Inactive wells pose

environmental hazards related to air pollution, greenhouse gas emissions, groundwater

contamination, and ecosystem damage. They can leak underground even if there is no

surface leak and substances may reach the surface through complex pathways. The

number of orphaned wells, which are abandoned wells for which no responsible party

exists, is expected to increase as the economy transitions to renewables. This study

evaluated oil and gas data from the United States and Canada in order to identify policies

that could address environmental problems related to inactive wells. It identified barriers

to plugging and the potential for leaks, and urged further research on the potential for

plugged wells to leak. Oil and gas industry bonds for well-plugging and site restoration

are inadequate, and possible additional sources of funding, such as carbon credits and

repurposing land for wind and solar, can augment these. The benefits of well-plugging

when including carbon pricing, the social cost of greenhouse gas emissions, and

restoration of ecosystem impacts could offset much of the cost. The authors provide a list

of policy recommendations for monitoring and managing abandoned wells and

recommend further studies on the environmental impacts of abandoned wells and

1485plugging.

• April 25, 2021 – An analysis of financial inequity related to oil and gas wells at the end

of their productive lifespans described the ways in which the cost of clean-up is

transferred to taxpayers. When production at an oil or gas well falls, a large corporation

often will sell it to a smaller one, along with the responsibility for cleanup. Bonds are

required to cover the cost of clean-up prior to drilling but in most states the bonds cover

only about two percent of the actual clean-up cost. Companies are also allowed to buy

“blanket bonds,” which allow an unlimited number of wells for one price. When
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production falls below profitability, many smaller companies find it easier to file for

bankruptcy or leave the state rather than clean up. This is the point at which the cost of

cleanup falls to taxpayers. For example, the estimated cost of plugging all orphaned wells

in Louisiana is now over $200 million. An Abandoned Well Act that would create a

federal Abandoned Well Administration and set realistic bonding requirements may be

necessary. In addition, the author suggests that oil and gas companies should start paying

1486now for their prior 150 years of damage to the environment.

• April 16, 2021 – Oil and gas companies are attempting to sell off over $110 billion worth

of assets to compensate for financial losses in 2020 and to show apparent reductions of

their carbon footprints. Regulations regarding the decommissioning and environmental

liabilities of offshore assets are tougher than onshore; selling an offshore asset does not

relieve a company from the responsibility of the cost of decommission as it does with

onshore wells. This discrepancy has caused sale prices of offshore assets to fall

significantly. For example, Exxon sold its North Sea assets for only half of the original

price, likely related to the high projected cost of decommissioning. Onshore rules for

decommissioning wells are, by contrast, much more lax, allowing gas and oil companies

to simply abandon unprofitable wells, leaving taxpayers on the hook for the cost of

decommissioning.
1487

• April 14, 2021 – An analysis of President Biden’s plan to plug orphaned oil and gas wells

estimated the number of documented unplugged well at 2.6 million with another 1.2

million undocumented unplugged wells. The cost for cleaning up all of them could reach

$300 billion. Further, this cost is likely to rise, as newer abandoned wells tend to be

fracked wells which are much deeper and more difficult to remediate. States require

bonds to cover the cost of well plugging, but estimates suggest that the required bonds

would cover only about one percent of cleanup costs. Companies therefore frequently

abandon the wells when production falls and taxpayers are left with the bill. The

American Jobs Plan would invest $16 billion to begin cleanup of orphaned wells, but the

ongoing concern is how to avoid creating incentives for more well abandonment.

Proposals are under consideration to add stricter financial requirements for oil and gas

1488producers that would limit the likelihood of well abandonment.

• April 6, 2021 – The proportion of active gas and oil wells in the United States that leak is

unknown. Fluid leaks can migrate upward within the well, often through a poorly

cemented well annulus, contaminating soil or groundwater and emitting methane. A team

of researchers investigating the frequency of leaks in active oil and gas wells looked at oil

and gas regulatory databases of 33 states but were only able to obtain adequate

information for analysis from three: Colorado, New Mexico and Pennsylvania. From the
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records of these three states, the team created a dataset of almost 475,000 tests of leakage

on over 105,000 oil and gas wells. These tests were of two types: sustained casing

pressure (SCP) tests and casing vent flow (CVF) tests of well integrity. SCP testing is

done by measuring annular pressure buildup after an initial “bleeding off” of pressure,

whereas CVF testing involves observation for leakage through an open annular valve. By

combining these records, the researchers estimated that 14.4 percent of the tested wells

had exhibited leakage. Deviated or horizontal wells showed a higher frequency of leaks

than vertical wells (30.3 percent versus 11 percent). A combination of well construction

information and SCP testing was used as a proxy to identify wells with a potential for gas

migration into groundwater. The findings indicated that directional wells were more

likely than vertical ones to have a potential for gas migration in Colorado and

Pennsylvania, although this pattern was not seen in New Mexico and was less apparent in

Pennsylvania for wells drilled after 2011. The dataset included only about 10 percent of

the active wells in the United States. The authors suggest a standardized testing protocol

to identify well integrity issues and allow better planning of remediation or abandonment
1489

of wells.

• March 19, 2021 – British Columbia has dedicated a $100 million fund to clean up

dormant oil and gas wells. The funds cover 50 percent of the cost of restoration, up to

$100,000 per well. An investigation by The Tyee found that much of the money is going

to financially secure major oil and gas companies. One quarter of the first $50 million

will be used to clean up sites owned by Canadian Natural Resources, Ltd, a company

worth $45 billion. Shanghai Energy Corp., of which the Chinese Communist Party has an

ownership stake, is another recipient of funding. Supporters of this plan highlight job

creation and environmental benefits. Critics argue that companies benefiting from oil and

gas extraction in British Columbia should be fully responsible for cleaning up their
1490

sites.

• January 29, 2021 – No U.S. federal regulations govern the remediation of orphaned

wells, a task that falls to state governments. A study of how states manage this problem

examined underlying factors that influence state policies regarding the financial risks of

abandoned and orphaned wells. The researchers tested combinations of five variables,

including the adequacy of bonding requirements and the use of fees and taxes to cover

the costs. They added the state governor’s party as well as the Forbes Green Index and

the stringency of state oil and gas regulations regarding oil and gas production to the

assessment. Binary values were assigned to the variables and ordinary least squares

regression was used to correlate them. The findings showed that that states with more

restrictive oil and gas rules and which are less reliant on oil and gas revenues had

stronger financial assurance policies. There was no correlation with the state governor’s

political party or with anticipated cleanup costs. Overall, their model accounted for about

60 percent of the variability between states. The authors recommend avenues for future
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research, including better data collection and reporting of the number of orphan wells and

the costs of remediation. Notably, the cost of remediating orphaned and abandoned oil

1491
and gas wells is much higher for fracked wells and can exceed $100,000 per well.

• January 12, 2021 – Writing in Current Affairs, energy market analyst Megan Milliken

Biven proposed the development of a national Abandoned Well Administration to

directly employ displaced oil and gas workers, to identify and remediate the millions of

abandoned wells in the United States, and to establish a national monitoring and safety

response program. She also recommended the establishment of an abandoned well tax on

all well owners to begin paying for cleanup. The cost of plugging and site remediation is

high; an estimated $280 billion would be needed to properly plug the 2.6 million

documented wells in the United States. With a lack of federal oversight, oil and gas

companies strongly influence local tax and zoning laws and the cost of bonding required

to clean up wells at the end of their productive life. Companies often avoid the cost of

plugging by delaying abandonment or by offloading the wells to smaller firms, which are

less likely to afford well closures. Taxpayers end up shouldering the costs in violation of

the “polluter pays” principle. An Abandoned Well Administration would also redress a

humanitarian issue arising from the failure to link federal allocations to clean up wells

with requirements to hire or retain workers. In Louisiana, prisoners are used by the oil

and gas industry for this purpose and work long hours for minimal pay.
1492

• January 3, 2021 – An historical analysis of oil and gas records in Michigan, where

drilling began in 1859, showed that about 60,000 oil and gas wells have been drilled in

the state, with the location of many older wells unknown and the number of orphaned

wells growing, similar to the situation across the United States. Michigan regulations

require oil and gas companies to notify the Michigan Department of Environment, Great

Lakes, and Energy about non-producing or dry wells and to pay for plugging themselves.

The agency also administers specific plugging instructions for each well. The process is

expensive, but blanket bonds for cleanup at well end-of-life, covering all of a company’s

wells in the state, range from $100,000 to $250,000. This amount is grossly inadequate.

A 2017-2018 orphaned well report indicated that it cost Michigan over $1 million to plug

just six wells in difficult locations. An orphan well fund in Michigan collects two percent

of a severance tax from the oil and gas industry but these funds are also insufficient to

cover the cost of plugging. Michigan regulators, as opposed to most other states, have the

authority to examine the receiving company’s assets to see if they would have the ability

to pay for remediation. This makes it much harder for oil and gas companies to walk

away from financial responsibility in the state. Municipalities in Michigan are not

allowed to pass zoning laws limiting drilling, and the state requires a setback of only

1,320 feet from homes.
1493
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• December 15, 2020 – A McGill University team collected data on methane emissions

from almost 600 abandoned wells in the United States and Canada, across seven states

and two provinces, and used estimates of the number of abandoned wells in both

countries to extrapolate a cumulative total of methane leakage from this source. Regional

variations, plugging status, and well type (gas, combined oil and gas, and unknown) were

considered in the analysis, and five different scenarios were used to see how different

approaches would affect the estimates. The results showed that 96 percent of cumulative

emissions come from 10 percent of wells, with unplugged gas wells serving as the

highest emitters. Abandoned gas wells emitted almost double the emissions of abandoned

combined oil and gas wells. The findings indicate that, for both the United States and

Canada, methane emissions from abandoned wells are significantly higher than

previously estimated (by 20 percent in the United States and by as much as 150 percent in

Canada) and that there remains a great deal of uncertainty about the actual quantity of

these emissions. Less than 0.01 percent of abandoned oil and gas wells in the United

States and Canada have been measured for leakage, and the actual number of such wells

also remains unclear. These results also suggest that emissions could be markedly

reduced by plugging abandoned wells and by locating “super emitters.”
1494, 1495

Commenting on the study, David Risk, a professor of earth sciences at St. Francis Xavier

University said, “But if there’s one thing that oversight studies have taught us, it's that

when we measure more, we often find more. I think there’s a strong possibility that

emissions are larger than expressed here.”
1496

• October 30, 2020 – California has over 124,000 abandoned oil and gas wells and 38,000

so-called idle wells: unplugged wells that have not produced oil or gas for two more

years. The wells can continue to leak methane, which is not only a climate threat but

presents an explosion risk and can contaminate groundwater. Methane is also involved in

the formation of ozone, and benzene and toluene can be co-contaminants. A research

team evaluating methane emissions from abandoned wells in California used a

combination of methods that allowed more sensitive measurements than those collected

by the California Methane Survey. Looking at a representative sample of abandoned oil

and gas wells in California, the researchers found a wide range of leakage rates, with

unplugged idle wells leaking more than plugged abandoned wells and with the worst

culprits leaking enough to substantially impact California’s methane budget.

Extrapolating the data suggests that the leakage rate might increase the California

Methane Survey’s estimate of emissions by 31 percent. The authors recommend further
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samples of idle and active wells at a low detection limit and additional measurements in

areas where groundwater pumping has caused high levels of subsidence.
1497

• August 10, 2020 – “Stripper” wells are oil or gas wells near the end of their lifespans that

produce less than 15 barrels of oil equivalent. They are typically not profitable to operate

but, because the cost of decommissioning them can be greater than the cost of keeping

them running, they remain online or at the ready. Stripper wells are the most abundant

type of oil and gas well, with more than 700,000 of these low-producing, marginal wells

in the United States, and they appear to represent a disproportionately large source of

methane emissions relative to their production, sometimes leaking more gas than is

extracted, captured, and sent to market. Making direct measurements of emissions from

marginal oil and gas wells in the Appalachian Basin of southeastern Ohio, a research

team from University of Cincinnati showed that emissions of both methane and volatile

organic compounds followed a skewed distribution, with many wells having zero or low

emissions and a few wells responsible for the majority of emissions. Follow-up

measurements at five wells indicated high emissions were not episodic. Some wells were

emitting all or more of their reported production gas into the atmosphere. The authors

surmised that stochastic processes, such as maintenance, may be the main driver of

emissions. “This makes marginal wells a disproportionate greenhouse gas emissions

source compared to their energy return, and a good target for environmental

mitigation.”1498

• June 22, 2020 – The bonds that states require of companies to cover plugging of orphan

oil and gas wells are grossly inadequate, according to an E&E News report.
1499

Orphan oil

and gas wells are unplugged abandoned wells the owners of which either cannot be

located or cannot afford to properly plug them. Abandoned wells have been implicated in

ground water contamination and can leak methane, a potent greenhouse gas. The

Interstate Oil and Gas Commission identified 57,000 confirmed orphan wells in the

United States, up to an additional 750,000 “potential” orphans, and up to 3 million

abandoned and idle wells that have an identifiable owner. Further, more recent wells are

deeper and are at higher pressures than older ones. The estimated cost of plugging a

(fracked) shale well is about $300,000, versus $40,000 to $50,000 for a conventional

well. The piece reported on Congress considering using federal stimulus funds to help

cover the cost of plugging orphan wells, providing jobs for oil field workers and pollution

reduction. The limited number of skilled workers and specialized equipment for is a

challenge already experienced in Ohio.

• June 16, 2020 – A Reuters review of government data and interviews with scientists,

regulators, and United Nations officials estimated that globally there are 29 million
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abandoned oil and gas wells, leaking about 2.5 million tons of methane yearly.
1500

The

wells “pose a serious threat to the climate that researchers and world governments are

only starting to understand,” according to the review. Groundwater and soil

contamination have also been linked to these wells, and, in rare cases, leaking gas has

caused explosions. In the United States, the number of abandoned wells increased by

over 12 percent since the onset of the fracking boom in 2008. Continued low oil prices

putting financial stress on the industry led to a 50 percent in rise bankruptcies in 2019,

likely to result in a further increase in abandoned wells. The upfront bonds required of

drillers to cover future cleanup and well plugging are markedly inadequate: “the rules are

patchwork, with wildly differing requirements, and they seldom leave governments

adequately funded,” according to the report. Referencing the US Government Accounting

Office estimate of $20,000 to $145,000 per abandoned well clean up and plugging, it

would cost between $60 billion to $435 billion to clean up all of the United States’

abandoned wells.

• June 11, 2020 – The president of the Northwest Landowners Association in North

Dakota, Troy Coons, questioned why the state was using $33.1 million from the CARES

Act to plug abandoned wells, rather than have the “bad actor” oil and gas companies

fulfill their obligations, according to the Williston Herald.
1501

There are 358 wells on the

state’s list for confiscation but the actual number of abandoned wells is likely much

higher. 2,161 inactive wells had been identified in North Dakota as of May 2020. Coons

believes that plugging will be more expensive than the state estimates, and that if the state

does not adjust bonding requirements to cover the actual cost of well decommissioning,

the burden will continue to fall on taxpayers and landowners.

• May 5, 2020 – COVID-19 pandemic-related economic impacts on the oil and gas sector

could add thousands to the already over three million abandoned oil and gas wells in the

United States, reported E&E News. If a solvent responsible party cannot be found, the

cost of cleanup falls to state or federal taxpayers. States such as Louisiana, New Mexico,

Oklahoma, and Wyoming have instituted policies to help stressed oil and gas companies

remain solvent. The federal BLM offered guidance to companies on how to suspend

leases. An energy finance analyst, however, said that the poor financial shape and

structural weakness of the shale industry already create a “‘perfect storm’ for a cleanup

crisis.”
1502

• April 19, 2020 – An audit by the Louisiana Legislative Auditor’s office noted a 50

percent increase in orphaned oil and gas wells in the state, and that it would take an

estimated 20 years and $128 million to plug the nearly 4,300 wells. “Rock-bottom” oil

prices will force more firms out of business, leading to the number of orphaned wells
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further rising. Nola.com reported that only about two-thirds of the state’s wells have

financial security guarantees, and the actual cost of plugging was significantly higher

than these guarantees. The audit recommended that the Louisiana legislature adjust fees

to cover plugging costs. Nola.com covered some improvements with state regulation

since a “scathing” 2014 audit, but serious financial risks to the state persist. Further, only

about half of active wells with a major violation had undergone a required reinspection,

and the Department of Natural Resources Office of Conservation had not forced

companies to plug almost two thirds of those wells beyond a 90-day requirement and not

on an extended closure schedule.
1503

• April 3, 2020 – There are about 200,000 orphaned wells in Pennsylvania, all with the

potential to leak oil and gas to the surface, pollute water, and create explosion hazards,

according to a Pittsburgh Post-Gazette feature.
1504

At the rate and cost at which the

state’s Department of Environmental Protection (DEP) is sealing old wells, it would take

17,500 years and $6.6 billion to complete. The state requires operators to seal their wells

at the end of production but does not require them to demonstrate that they have adequate

financial resources. The feature highlighted the story of ARG resources, owner of 1,600

wells, 150 miles of road, and many buildings and tanks in the Allegheny National Forest.

The company closed operations in 2019 because of lack of funds, abandoning wells and

leaving nine spills unresolved. According to the DEP, ARG had earned enough during its

period of profitability to pay for the cleanup: “plugging and restoration costs should not

have been insurmountable.” Taxpayers should not have been left with the bill, a DEP

supervisor said. Rather than pursue lengthy legal proceedings, DEP signed a consent

order involving a revenue-sharing arrangement between ARG and a chemical company,

AquaPower, to clean brine wastewater and turn it into commercial salt and synthetic

gypsum on ARG’s property, with a portion of the proceeds dedicated to abandoned well

cleanup. The plan is seen as a potential model to pay for abandoned well management,

though AquaPower, at the time of publication, was delinquent in its deposits to begin the

operation.

• March 6, 2020 – There are nearly 1,000 orphaned oil and gas wells across Los Angeles

County, “deserted by their owners and left to the state to clean,” determined a “first-of-

its-kind analysis of state records” by the Los Angeles Times and the Center for Public

Integrity.
1505

Los Angeles mandates that oil or gas wells be restarted or shuttered if

inactive for one year but has been delinquent in enforcement. The investigation

determined that there was only one full time well inspector until recently, and that the

city had not consistently employed a full time “petroleum administrator” despite the city

code requiring it to do so. Industry and labor groups have challenged the city’s authority
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to enforce cleanup, as community groups press for closure of old wells and residents

nearby, often low-income and Latino, have reported nosebleeds, headaches, and nausea.

“Eight hundred oil companies have dissolved over the years without scheduling wells for

cleanup or paying state fees,” according to the California Geologic Energy Management

Division, and bond requirements have not been updated in about 60 years and are

inadequate, reported the city controller.

• February 26, 2020 – Uncemented sections of well casings provide pathways for methane

to flow from intermediate subterranean zones to shallow aquifers, according to a review

of EPA investigations by Maryland Department of the Environment and Penn State

scientists.
1506

The researchers evaluated EPA investigations in Dimock, Pennsylvania,

Parker-Hood County, Texas, Pavilion, Wyoming, and Sugar Run, Pennsylvania and other

studies, regarding the impact of methane migration on water resources. They reviewed

various potential causes of methane migration identifying uncemented sections of well

casings as the most common cause of contamination incidents from active wells. They

noted that they were working with “relatively few, detailed, site-specific studies,” and

that “the actual scope of the problem is difficult to demonstrate, since impacts to water

supplies due to migration of fugitive gases are often adjudicated between operators and

homeowners involving nondisclosure agreements.” The authors noted that less than half

of the attempts to address this problem by “squeeze cementing” were successful. They

suggested collecting predrilling samples to determine if methane concentrations increase

later on, and recommended forensic methods including isotope analysis of gases to

accurately determine fugitive gas sources. The studies did not address potential water

resource contamination by hydraulic fracking fluids.

• January 23, 2020 – Plugging the approximately 5,540 oil and gas wells that are orphaned

or at high risk of becoming orphaned in California would cost the state over $500 million,

estimated the California Council on Science and Technology, a nonpartisan, nonprofit

organization created by the state’s Legislature, in a report requested by the Division of

Oil, Gas, and Geothermal Resources.
1507

The report identified another 69,425

economically stressed wells that produce less than five barrels of oil daily and are at risk

of becoming orphaned, which would bring the cost to an estimated $5 billion. According

to the report, plugging all 107,000 wells in the state would cost more than $9 billion, and

there are also wells that are plugged but may need to be replugged. Though legally

required to pay for plugging of their wells, the bonds collected by the state from industry

only totaled $107 million at the time of the report. The report makes several

recommendations to help limit the state’s financial and environmental liability. These

include investigation of environmental impacts of orphan wells and evaluating potential

changes to bonding rules.
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• June 13, 2019 – Both plugged and unplugged abandoned oil and gas wells continue to

emit methane, and some categories of plugged wells are high emitters. When the social

costs of methane pollution were considered, mitigation of abandoned high-emitting wells

was cost-effective, according to a Canadian-U.S. research team.
1508

Social costs were

defined as air quality, climate, and human/ecosystem impacts. The authors cited estimates

of the social cost of methane emissions as $1143 to $4822 per ton. The study evaluated

strategies and costs of mitigating methane emissions. The mitigation options reviewed for

high emitting abandoned wells included plugging without venting, or alternatively with

venting and flaring, or with venting and usage of the emitted gas. Flaring or usage

without plugging address methane pollution but not groundwater contamination, a social

cost. The researchers found savings were possible for all mitigation strategies when the

full social cost of methane was considered. Because state bonding requirements across

the U.S. show that most are insufficient to cover the average plugging cost, they

recommended the inclusion of methane emission reduction from abandoned wells in

climate and energy policies, and “increased government funding at state/provincial and

federal levels to manage the growing number of AOG wells in the US, Canada, and

abroad.”

• December 8, 2019 – There are an estimated 93,000 inactive and orphaned gas and oil

wells in Alberta, Canada, and a rising number of these are owned by companies that are

under financial stress and which cannot afford to clean them up. “One of the primary

barriers to a clear understanding of the problem appears to be the absence of a credible

and transparent assessment of cleanup costs,” according to a University of Calgary law

professor, writing in the Globe and Mail.
1509

In Alberta, the Orphan Well Association is

responsible for inactive and orphaned wells, and the levy on industry for cleanup is

insufficient to cover the average per well cleanup cost of $27,000 to $34,000 that can also

run as high as $210,000. The writer recommended “an independent inquiry into the

extent of the oil and gas sector’s underfunded environmental liabilities,” addressing the

problem that, in a worst-case scenario, could triple within a generation from its current

$80 billion.

• November 7, 2019 – Many shallow wells were drilled off the coast of Santa Barbara

County in the early 1900’s, later abandoned, and never plugged properly. This history, on

through present activity of the oil and gas industry in the region, was the focus of an E&E

piece.
1510

Adding to natural seeps in the area, oil leaks from legacy wells and oil spills

and pipeline ruptures have polluted beaches and four state marine conservation areas. The

California State Lands Commission leads the inventory process and has identified 200

“high priority” orphaned offshore wells. The state passed legislation allocating two

million dollars yearly for 10 years, “to take inventory of the orphaned wells, plug them
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when they are leaking, and clean up jetties and piers.” More recent oil and gas industry

bankruptcies also threatened to leave wells abandoned. The piece described Exxon nearly

walking away from responsibilities for an offshore platform, later agreeing to a cost share

with California. The legislated funding is likely to fall far short: in 2018 it cost $1.2

million to plug one offshore well alone. Exxon continues to try to obtain trucking permits

in order to continue producing oil offshore in Santa Barbara County.

• November 6, 2019 – Houston Oil and Gas, based in Calgary, Alberta, ceased operations

and left an estimated $81.5 million cleanup liability.
1511

It held 1264 wells, 41 facilities,

and 251 pipelines. Some of the wells have already been transferred to Alberta’s Orphan

Well Association, essentially transferring the burden to taxpayers. The Houston Oil and

Gas website, however, states that the company will manage its end-of-life liabilities.

Other Alberta oil and gas companies have also shut down or are in financial difficulty

since oil prices crashed in late 2014.

• October 22, 2019 – The federal Bureau of Land Management (BLM) does not have a

good way of tracking the thousands of idle oil and gas wells on federal land. Funding is

inadequate to plug those orphan wells which have already been identified. Aside from the

cost to taxpayers, the wells pose a risk of groundwater pollution from hydrocarbons. The

federal oil and gas program was included on a 2011 U.S. Government Accountability

Office (GAO) list of “high risk” programs vulnerable to fraud, abuse, and

mismanagement. In 2019 the GAO reported that 84 percent of bonds (the security that

industry pays in advance for cleanup liability) for federal oil and gas development were

inadequate to cover cleanup costs. E&E reported that despite multiple government

investigations, federal data is difficult to obtain, and it is states dealing with orphan wells

that “sometimes provide a clearer picture of the challenge.”
1512

Wyoming, for example,

estimated that there are 2,200 wells on federal land in that state that appear to be

orphaned. BLM may be making improvements. The article reported that the agency had

collected 16 percent of the additional bonding it has deemed needed for end-of-life well

cleanup. BLM lacks authority to directly charge oil and gas operators for cleanup.

• October 1, 2019 – The magnitude and duration of barometric pressure changes directly

influenced the natural gas emissions from wells, discovered a team of scientists from the

University of British Columbia.
1513

At least seven percent of oil and gas wells show some

loss of well bore integrity. Natural gas release from leaking oil and gas wells can cause

aquifer contamination, explosive conditions, and greenhouse gas emissions. Complex

processes are involved in gas migration and emission. High barometric pressure inhibits

the release of soil gas, and the opposite occurs with low pressure, determined the study.

The most significant effect seemed to occur in areas with deep water tables. The study
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used controlled release of natural gas injected 12 meters below ground level in an attempt

to quantify the effect of atmospheric pressure on fugitive gas emissions. The findings of

barometric pressure impacts on emissions indicates that “snapshot” measurements of

emissions at well pads may not be accurate. Continuous monitoring over longer time

periods is therefore required “to accurately detect and quantify fugitive gas emissions at

oil and gas sites with a deep water table.”

• September 18, 2019 – A GAO report to Congress identified 2,294 oil and gas wells on

federal land which had not produced in over ten years and had not been reclaimed, and

warned about the risks from insufficient bonds to reclaim these wells.
1514

The

investigation found that BLM identified 89 new orphaned wells between July 2017 and

April 2019. The average value of oil and gas bonds the BLM held in 2018 was $2122 per

well, slightly lower than in 2008, according to the GAO analysis. Bonds are set at their

regulatory minimum and the values have not been adjusted in about 60 years. They do

not account for well depth, nor the number of wells covered, factors which greatly

influence the cost of cleanup. GAO recommendations included providing the BLM with

the authority to assess user fees for reclamation costs and establishing a mechanism to

obtain those fees from operators. Congress had not done so as of the time of publication.

The BLM should also adjust bond levels to cover expected reclamation costs. The BLM

continues to collect and analyze data, but its analysis is not expected to be ready until the

first quarter of fiscal year 2021.

• September 6, 2019 – NPR featured an overview of the orphaned oil and gas well situation

nationwide.
1515

Given the one million orphaned oil and gas wells in the United States as

estimated by the EPA in 2018, responsibility for which typically falls to the states,

markedly inadequate bonding to cover well cleanup is a growing problem. Colorado,

Alabama, Ohio, and Pennsylvania have dramatically increased state funds allocated for

well cleanup. The backlog of wells, however, is very large, with an estimated 560,000

abandoned wells in Pennsylvania alone. Industry has pushed back on the suggestion that

companies pay the full price of plugging before drilling starts.

• August 10, 2019 – In 2016 San Francisco passed a climate-related ordinance requiring

that no city-owned property be used for oil production, specifically to address a lease that

Chevron held in Kern County on the city’s behalf. Bakersfield.com provided an update on

ongoing negotiations on covering the costs of decommissioning the wells.
1516

The cost of

decommissioning the wells is estimated to be between one million and five million

dollars, as a best-case scenario. San Francisco wants Chevron to cover the cost of

decommissioning the wells. According to the senior real estate project manager for the

City and County of San Francisco, “While I can’t get into specifics of our negotiations
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with Chevron, we believe our lease assigns decommissioning responsibilities to the

tenant, in this case, Chevron.”

• July 2, 2019 – Many fossil fuel extraction sites have been abandoned in the Atlantic

Canadian Provinces since extraction began in the early 1600s. Multiple pathways can

lead to methane emissions from these wells, including improper abandonment practices,

compromised well bore integrity, and subsurface fluid migration. This study used

multiple sampling methods to measure methane emissions from abandoned coal mine

openings in Nova Scotia as well as from a legacy oil field (abandoned prior to 1952,

when abandonment protocols were begun).
1517

A small percentage of sites accounted for

the majority of methane emissions. Overall, low emission intensity and frequency were

documented compared with other studies. Time after abandonment may have played a

role. Emissions may have peaked early after abandonment and may have decreased over

time.

• June 23, 2019 – 22,000 deserted oil and gas wells have been identified in Kansas,

reported the Hutchinson News.
1518

Over 19,000 of the abandoned wells are in Eastern

Kansas. The Kansas Corporation Commission (KCC) has prioritized 25 percent of those

for cleanup, because of their risk for groundwater contamination. The KCC created a

fund in 1996 to finance plugging of abandoned wells, financed by the oil industry.

According to the article, the KCC and industry are optimistic about the commitment to

plug all the wells, but community members and environmental groups, noting that

industry has deep political influence on the Kansas legislature and the KCC and project,

are far less satisfied with progress and commitment. Further, the KCC does not have the

resources to track all owners of idle wells, and there reportedly are not enough

contractors willing to bid on plugging.

• May 20, 2019 – Within the nation’s largest regional concentration of abandoned oil and

gas wells, the estimate of abandoned oil and gas wells in Pennsylvania alone ranges from

200,000 to 750,000, according to E&E News.
1519

Those wells are estimated to cause

between five and eight percent of the state’s human-caused methane emissions, in

addition to presenting other risks including explosion hazards and environmental

contamination from leaking oil. The piece reviewed the inadequacy of available funds for

cleanup by states as well as on public lands. “Most [states] don’t have enough funds to

clean up the legacy wells left from the oil industry’s first century, and most aren’t ready

to clean up the tens of thousands of wells drilled during the first decades of the shale

drilling boom. Pennsylvania, for example, only has enough money to plug a dozen or so

each year.” Pennsylvania has allocated about $400,000 per year for well plugging, which

at the current rate would require 17,500 years to complete the work. Colorado is planning
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to update bonding requirements, and Ohio has voted to increase the amount of oil and gas

production taxes the state spends on well plugging. Ohio’s tax on energy production,

however, is one of the lowest in the country.

• March 11, 2019 – There are roughly 200,000 abandoned oil and gas wells in

Pennsylvania left over from more than a century of drilling. Most are not mapped.

Alabama-based Diversified Gas & Oil, which now owns about 23,000 gas wells in the

state, reached an agreement with the PA DEP to plug 1,400 abandoned wells over the

next 15 years—or bring them back into production. The agreement requires the company

to submit a $7 million performance bond to cover the costs of plugging. In 2018, the

company plugged 41 wells across its entire operating area.
1520

• March 5, 2019 – There are 30,000 abandoned oil wells in California, with 1,850 in Los

Angeles County. The state is currently not required to report to the public on toxic air

emissions from these wells before, during, or after they are plugged, even when idle wells

are located within densely populated residential communities. The process of capping

wells can itself release harmful gases. Legislation has been proposed to remediate this

oversight.
1521

• February 21, 2019 – While preparing to mine over a natural gas storage field in Greene

County, Pennsylvania, a coal company discovered dozens of undisclosed abandoned gas

wells at the site, according to a report by the Pittsburgh Post-Gazette. “Pennsylvania’s

history of fossil fuel extraction, combined with modern operations harvesting coal, oil

and gas at different depths, makes it a particularly thorny place to work underground.”
1522

• January 25, 2019 – Colorado Governor John Hickenlooper signed an executive order to

force the “plugging, remediation and reclamation of all medium- and high-priority

orphaned wells and orphaned sites.” There are roughly 55,000 oil and gas wells in

Colorado. At least 260 are orphaned, which means that the well’s owner cannot be

identified, usually because of bankruptcy. Inactive wells that are orphaned become the

responsibility of the state.
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• December 21, 2018 – Most fracking operations take place in oil and gas fields with a

long history of conventional drilling and therefore with many abandoned wells. The

possibility of hydraulic fractures intercepting these old wells and opening a pathway for

rapid vertical transport for fluids to the surface or to groundwater aquifers depends on

multiple variables. A University of Goettingen-led team used modeling to explore the

relevant factors that predict long-term flow and transport of fracking fluids into

groundwater aquifers through a leaky, abandoned well. The results showed that wellbore

integrity of the abandoned well and its distance from the fracking operation are the two

most influential parameters determining the vertical transport of fracking fluid through an

abandoned well. The most probable pathway of contaminant transport takes place outside

the well casing. Hydraulic fracking fluid tends to spread laterally when sediment layers

are permeable, decreasing upward movement of fluid and decreasing contamination

distribution in the aquifer. When freshwater aquifers are shallow, the short-term

probability of contamination is negligible even in the presence of a leaky, abandoned

well. “Model results show that hydraulic fracturing fluid reaches the aquifer three years

after production.”
1524

• December 15, 2018 – A University of Vermont-led team explored the ability of various

predictive models to forecast fluid migration from and through abandoned wells in

Alberta, Canada. Although all the models “performed better than random guessing,” none

of them perfectly predicted which wells would leak in part because of incomplete data. In

Alberta, wells that do not leak at the time they are drilled are not retested until they are

abandoned. Continuous monitoring of wells in a small area would allow the models to be

retrained with more accurate information. Consistent with previous findings, the models

did show that the most important features in predicting whether an abandoned well will

leak is the deviation of the well from vertical and the year the well was constructed.
1525

• November 20, 2018 – An investigation by WPXI, an NBC-affiliated television station in

Pittsburgh, reported that Pennsylvania lacks funds to locate, plug, and remediate all

potentially dangerous abandoned wells in the state. “Overall the problems could cost the

state close to $4 billion, so it is responding to the most critical cases first.”
1526

• November 20, 2018 – There are an estimated 12,000 abandoned wells in West Virginia,

of which 4,000 are orphaned and have no owners, according to a story in the Charleston

Gazette-Mail that reported how gas companies are saving money by leaving depleted

wells behind instead of plugging them.
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• September 5, 2018 – An investigation of abandoned wells on Native American lands in

the San Juan Basin found that the Bureau of Land Management (BLM), responsible for

monitoring oil and gas wells on most tribal lands, has routinely failed to require operators

to file paperwork on abandoned wells, lacks a clear strategy for identifying them, and

does not prioritize cleaning up or remediating them.
1528

• May 16, 2018 – The GAO reported to Congress that BLM needs to improve its oversight

of abandoned oil and gas wells. Companies are supposed to provide bonds up front to

cover the costs of plugging abandoned wells and reclaiming the sites, but if they don’t, or

if the costs exceed expectations, BLM can be liable and taxpayers can shoulder the clean-

up costs. “Reclamation costs and potential liabilities likely increased since 2010, but we

couldn’t determine how much because BLM does not systematically track the data.” The

GAO recommended that, among other things, the director of BLM should systematically

track the actual costs that the agency incurs when reclaiming orphaned wells, the number

of orphaned and abandoned wells over time, and the information needed to determine the

agency’s potential liabilities. The BLM concurred with the GAO’s recommendations.

There are roughly 94,000 oil and gas wells on federal lands overseen by BLM.
1529

• Dec 26, 2017 – In 1965, a blowout at a gas well in northeastern Netherlands caused the

formation of quicksand, which swallowed up an entire drill rig. Eventually, the area was

turned into a park. More than 50 years later, a team of researchers discovered that the site

is still leaking methane. They found in the groundwater high levels of methane with an

isotopic composition that matched that of the gas reservoir. An analysis of groundwater

flow conditions showed that this methane is not a remnant of the blowout but the result of

ongoing leakage. “Combined, the data reveal the long-term impact that underground gas

well blowouts may have on groundwater chemistry, as well as the important role of

anaerobic oxidation in controlling the fate of dissolved methane.”
1530, 1531

• June 28, 2017 – The Tyee made public the results of an unreleased 2016 report by the

Alberta Energy Regulator (AER) showing that 36 of 335 abandoned oil and gas wells that

are located close to occupied buildings in urban areas of Alberta are leaking methane. Six

abandoned wells were leaking at levels (10,000 ppm) that pose explosion risks and are

considered life-threatening. (Natural background level is about 1.9 ppm.) Based on these

findings, the report also estimated that 17,000 of 170,000 abandoned wells in rural

Alberta were likely also leaking. The author of the unreleased report said in an interview

with The Tyee that AER, a corporation that functions in part as a regulatory agency, does
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not have the capacity to evaluate the potential threat to public health and safety. “The

expertise to assess the health risk of abandoned wells really doesn’t exist in house.”
1532,

1533

• March 27, 2017 – In an experimental study, Canadian researchers injected methane gas

into a shallow sand aquifer over a 72-day period and monitored methane migration for

eight months. After 72 days, they found that half of the methane had vented into the

atmosphere and half remained in the groundwater, traveling laterally a greater distance

than expected and degrading at a rate less than expected. “Our findings demonstrate that

even small-volume releases of methane gas can cause extensive and persistent free phase

and solute plumes.”
1534, 1535

• December 21, 2016 – The Texas Tribune investigated abandoned oil wells in Texas

where the Texas Railroad Commission, which is charged with regulating the oil and gas

industry, has tracked and mapped 6,628 unplugged, orphaned wells. The commission is

struggling with a ballooning inventory of inactive, leaking wells and decreasing clean-up

funds to deal with them. The most recent oil boom, involving horizontal drilling with

fracking, added to the problem as drillers cut corners in the rush to bring oil to market.

“Just drill the well as fast as possible, because they were under such pressure to get cash

flow going,” according to a geoscientist interviewed for the story who had recently

retired as a groundwater advisor for the Railroad Commission.
1536

• November 14, 2016 – Methane emissions from abandoned wells vary widely, with a few

high emitters responsible for a disproportionately large share of the problem. Using new

field measurement and data mining techniques, a Stanford University-led team

investigated gas leaks at 88 inactive wells in Pennsylvania in an attempt to identify the

characteristics of these “super-emitters.” Their results showed that unplugged gas wells

and wells located in coal areas had the highest methane flow rates. Well plugging does

not always reduce methane emission, especially when the wells are vented. In many areas

with extensive coal layers, decommissioning requirements for wells included mandatory

venting. Using comprehensive databases, the team also estimated the number of

abandoned wells in Pennsylvania to be between 470,000 and 750,000, considerably more

than previous estimates of 300,000 to 500,000. The research team calculated that, all
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together, Pennsylvania’s abandoned wells contribute 5-8 percent of the state’s annual

greenhouse gas emissions.
1537, 1538

• June 20, 2016 – Pennsylvania’s attorney general began reviewing regulations requiring

drillers to document abandoned oil and gas wells within 1,000 feet of a new fracking site.

According to a Bloomberg investigation, “This puts Pennsylvania among states such as

California, Texas, Ohio, Wyoming and Colorado confronting the environmentally

catastrophic legacy of booms as fracking and home development expand over former

drilling sites. As the number of fracked wells increases, so does the chance they might

interact with lost wells.” As noted by Bloomberg, state databases document only about 10

percent of the nation’s 2.6 million abandoned oil and gas wells; the whereabouts of the

vast majority are unknown. Current efforts in Pennsylvania to increase documentation on

the location and status of inactive wells rely on “citizen scientists” equipped with GPS

and methane sniffers, as well as home and farm-owners living on top of abandoned wells.

Over a period of three decades, PA DEP has located and plugged only about 3,000

abandoned wells.
1539

• May 30, 2016 – New developments of houses, schools, and shopping centers are being

built over abandoned oil and gas wells, according to a report by Wyoming Public Media.

In most states there is no requirement for homeowners to be notified about abandoned

wells on their properties, and these wells are not systematically monitored for leaks, nor

are their locations well mapped. A builder who worked in the oil and gas industry for

decades and suffered cardiac arrest when methane from an abandoned well he was

inadvertently working atop exploded, said that there were “no signs” that a well was

there.
1540

• January 26, 2016 – Researchers tested soil methane levels at 102 United Kingdom

decommissioned oil and gas wells between 8 and 79 years old. Thirty percent of the wells

had methane at the soil surface that was significantly higher than their control samples in

nearby fields. Thirty-nine percent of well sites had significantly lower surface soil

methane than their respective controls. Researchers suggested several explanations for

the latter results, including replaced soils.
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• October 19, 2015 – Abandoned oil and gas wells near fracking sites can be conduits for

methane escape that is not currently being measured, according to University of Vermont

researchers. Fractures in the surrounding rock may connect to existing unused oil and gas

wells in the area during fracking processes, thus providing a pathway for methane to

migrate to the surface. The study used a mathematical model based on the large part of

southern New York State underlain by the Marcellus Shale, incorporating “the depth of a

new fracturing well, the vertical growth of induced fractures, and the depths and locations

of existing nearby wells.” The researchers concluded the probability that new fracking-

induced fractures would connect to a pre-existing well to be .03 percent to 3 percent.

Density of nearby abandoned wells was the largest factor, and researchers pointed out the

continuing problem of undocumented abandoned wells.
1542

As noted in an accompanying

press release, probabilities are likely much higher: “Industry-sponsored information made

public since the paper was published vastly increased assumptions about the area

impacted by a set of six to eight fracking wells known as a well pad – to two square miles

– increasing the probabilities cited in the paper by a factor of 10 or more.”
1543

• July 9, 2015 – As part of an extensive, peer-reviewed assessment of fracking in

California, the California Council on Science and Technology identified leakage through

failed, inactive wells as a known mechanism for fracking-related water contamination in

other states, including Texas and Ohio, and said that it is not known whether abandoned

wells in California likewise function as conduits for groundwater contamination and gas

leakage. In California, there are more inactive than active wells. Of the state’s nearly one-

quarter million oil and gas wells, more than half (116,000) have been plugged and

abandoned, while another 1,800 inactive wells are “buried” with only an approximate

location known. The locations of another 338 old wells are entirely unknown. California

also has 110 orphaned wells, that is, abandoned wells with no owners. Most of

California’s abandoned wells (53 percent) are located in Kern County.
1544

• May 15, 2015 – CBC News reported that falling gas and oil prices have prompted many

smaller companies to abandon their operations in Alberta, Canada, leaving the provincial

government to close down and dismantle their wells. In the past year alone, the number

of orphaned wells in Alberta increased from 162 to 702. At the current rate of work,

deconstructing the inventory of wells abandoned just in the past year alone will be a 20-

year task.
1545

• April 27, 2015 – In a peer-reviewed study, researchers with the U.S. Fish and Wildlife

Service documented 5,002 wells located on National Wildlife Refuge System units, in

addition to 1,339 miles of pipeline. Almost half of the wells were inactive, while one-
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third were active and the remainder either plugged and abandoned or with status

unknown. Highlighting the impacts of leaks, spills, and routine operation and

maintenance on wildlife conservation efforts, the authors called for regular on-site

ecological assessments, improved efforts to plug inactive wells and restore inactive well

sites, and a “consolidated and robust regulatory framework” to protect the public’s

interests.
1546

• March 24, 2015 – Analyzing data from 42 abandoned oil and gas wells in western

Pennsylvania, a Princeton and Stanford team documented a wide range of leakage

potentials. As a group, gas wells have higher permeability than oil wells. Among gas

wells, methane flow rates are positively correlated with permeability. Subterranean

temperatures and temperatures, along with well depth, are all variables that can influence

leakage potentials of abandoned wells. The leakage potential of wells drilled prior to

1960 is moderate to high, and plugged wells, as well as unplugged wells, can leak. The

authors note that cement plugs are imperfect barriers that can develop defects that allow

fluids to flow through gaps between the plug and surrounding hole, through pores or

fissures within the plug itself, or directly through cracks in the well casing.
1547

• December 8, 2014 – A Princeton University team found that abandoned oil and gas wells

in Pennsylvania, left over from prior decades of conventional drilling, leak significantly

more methane than previously thought. Between 300,000 and 500,000 abandoned oil and

gas wells are located in Pennsylvania, and many go unchecked and unmonitored for

leaks. Nearly three-quarters are unplugged. Based on direct measurements of methane

flow from 19 such wells, most of which were a half century old or older, the researchers

estimated that the methane leaks from abandoned wells alone could account for between

4 and 7 percent of human-caused methane emissions in the state. Based on these

measurements of positive methane flow from decades-old wells, the authors concluded

that cumulative emissions from these abandoned wells “may be significantly larger than

the cumulative leakage associated with oil and gas production, which has a shorter

lifetime of operation.” Further, methane flow rates from plugged wells measured in this

study were not consistently lower than unplugged wells and indeed were sometimes

higher, even though wells are plugged for the precise purpose of limiting the escape of

gases. The authors noted that an estimated three million abandoned oil and gas wells are

scattered across the United States and likely represent “the second largest potential

contribution to total US methane emissions above US Environmental Protection Agency

1546
Pedro Ramirez and Sherri Baker Mosley, “Oil and Gas Wells and Pipelines on U.S. Wildlife Refuges:

Challenges for Managers,” ed. Stephen J. Johnson, PLoS ONE 10, no. 4 (2015): e0124085,

https://doi.org/10.1371/journal.pone.0124085.
1547

Mary Kang et al., “Effective Permeabilities of Abandoned Oil and Gas Wells: Analysis of Data from

Pennsylvania,” Environmental Science & Technology 49, no. 7 (2015): 4757–64,

https://doi.org/10.1021/acs.est.5b00132.



379

estimates.” In the United States, no regulatory requirements for monitoring methane leaks

from abandoned wells exist.
1548, 1549

• December 1, 2013 – An analysis of reports from the NYS DEC found that three-quarters

of the state’s abandoned oil and gas wells were never plugged. New York State has

approximately 48,000 such wells; many of their locations remain unknown.
1550

• Aug. 4, 2011 – A report from the EPA to Congress in 1987—and discovered by the New

York Times—concluded that abandoned natural gas wells may have served as a pathway

for hydraulic fracturing fluids to migrate underground from a shale gas well to a water

well in West Virginia. In noting that the water well was polluted due to hydraulic

fracturing and that such contamination was “illustrative” of contamination from oil and

natural gas drilling, the report suggested that additional cases of groundwater

contamination from hydraulic fracturing may exist.
1551

• April 4, 2011 – ProPublica reported that abandoned wells have caused problems across

the nation including contamination of drinking water in Colorado, Kentucky, Michigan,

New York, Texas, and other states. ProPublica also found that a draft report from the

Pennsylvania DEP described a 2008 incident in Pennsylvania in which a person died in

an explosion triggered by lighting a candle in a bathroom after natural gas had seeped

into a septic system from an abandoned well. The same draft report documented at least

two dozen additional cases in which gas leaked from old wells, and three in which gas

from new wells migrated into old wells, seeping into water supplies and requiring the

evacuation of homes.
1552

• May 20, 2010 – The British Columbia Oil and Gas Commission issued a safety advisory

after hydraulic fracturing caused a large “kick,” or unintentional entry of fluid or gas, into

a nearby gas well. The commission reported that it knew of 18 incidents in British

Columbia and one in Western Alberta in which hydraulic fractures had entered nearby

gas wells. “Large kicks resulted in volumes up to 80 cubic meters [about 100 cubic yards]

of fluids produced to surface. Invading fluids have included water, carbon dioxide,

nitrogen, sand, drilling mud, other stimulation fluids and small amounts of gas.” These

cases occurred in horizontal wells with a distance between wellbores of up to 2,300 feet.

The Commission wrote, “It is recommended that operators cooperate through

notifications and monitoring of all drilling and completion operations where fracturing

takes place within 1000m [3,280 feet] of well bores existing or currently being drilled.”
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Such communication between active wells raises the potential that similar

communication can occur between active wells and abandoned wells.
1553

• 2010 – The NYS DEC cautioned that “abandoned wells can leak oil, gas and/or brine;

underground leaks may go undiscovered for years. These fluids can contaminate ground

and surface water, kill vegetation, and cause public safety and health problems.” As the

agency reported, “DEC has at least partial records on 40,000 wells, but estimates that

over 75,000 oil and gas wells have been drilled in the State since the 1820s. Most of the

wells date from before New York established a regulatory program. Many of these old

wells were never properly plugged or were plugged using older techniques that were less

reliable and long-lasting than modern methods.”
1554

The agency published similar

comments in 2008 and 2009.

• January 2009 – In a presentation before the Society of Petroleum Engineers, industry

consultant Michael C. Vincent reported on evidence that fractures from hydraulically

fractured wells can communicate with nearby oil and gas wells. In spite of numerous

examples of fractures intersecting with adjacent wellbores, the industry is reluctant to

publish reports documenting these cases because “such information could unnecessarily

alarm regulators or adjacent leaseholders.” Vincent added, “Although computing tools

have improved, as an industry we remain incapable of fully describing the complexity of

the fracture, reservoir, and fluid flow regimes.” These findings raise the possibility that

there could be similar communications between existing fracked wells that are fractured

and abandoned wells and that operators cannot accurately predict how these will interact.

1555

• 2005 – M.K. Fisher, Vice President of Business Management at Pinnacle, a service of

Halliburton that specializes in hydraulic fracturing, reported in an article published by the

Society of Petroleum Engineers that a single fracture produced during a fracking

operation in the Texas Barnett Shale had unexpectedly spread 2,500 feet laterally in two

directions. He also described fractures in the Barnett Shale as “extremely complex.”
1556

These findings raise the possibility that well communication over very large distances

could occur due to fractures that spread “unexpectedly.”

• October 1999 – The U.S. Department of Energy reported that there were approximately

2.5 million abandoned oil and gas wells in the U.S.
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• Early 1990s – An underground waste disposal well in McKean County, Pennsylvania,

contaminated groundwater when the wastewater traveled up a nearby abandoned,

unmapped, and unplugged oil well. Owners of private water wells that were contaminated

by the incident eventually had to be connected to a public water system.
1558

• July 1989 – In the past, the investigative agency for Congress, the U.S. General

Accounting Office (now the Government Accountability Office—GAO) studied oil and

natural gas underground injection disposal wells and found serious cases of

contamination. The agency reported that, in several cases, wastewater from oil and

natural gas operations had migrated up into abandoned oil and natural gas wells,

contaminating underground water supplies. The GAO found that “if these abandoned

wells are not properly plugged—that is, sealed off —and have cracked casings, they can

serve as pathways for injected brines [waste fluids from natural gas and oil drilling] to

enter drinking water…. Because groundwater moves very slowly, any contaminants that

enter it will remain concentrated for long periods of time, and cleanup, if it is technically

feasible, can be prohibitively costly.”
1559

• December 1987 – The EPA submitted a report to Congress on oil and natural gas wastes

in which the agency cautioned that abandoned wells must be plugged with cement in

order to avoid “degradation” of ground and surface waters as a result of pressurized brine

or injected waste from wastewater disposal wells migrating into to aquifers, rivers, or

streams.
1560

While the EPA did not address the potential for contamination through

abandoned wells as a result of hydraulic fracturing, both hydraulic fracturing and

underground injection disposal wells require underground injection of fluid under

pressure, raising the potential that there is a similar risk of groundwater contamination

when hydraulic fracturing occurs near abandoned wells.

• 1985 – In an investigation of 4,658 complaints due to oil and natural gas production, the

Texas Department of Agriculture found that “when a water well is experiencing an

oilfield pollution problem (typically, high chlorides), the pollution source is often

difficult to track down. The source could be a leak in the casing of a disposal well,

leakage behind the casing due to poor cement bond, old saltwater evaporation pits, or,

most often, transport of contaminants through an improperly plugged abandoned well”

(emphasis in original). The agency found more than a dozen confirmed or suspected

cases in which pollutants had migrated up abandoned wells and contaminated
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groundwater. In one case, drilling wastewater migrated up an abandoned well a half mile

away from where the wastewater was injected underground for disposal.
1561

• November 1978 – In a report later cited by the EPA in its 1987 report to Congress (cited

above), the state of Illinois Environmental Protection Agency found that oil and natural

gas wastes injected underground could migrate through abandoned oil and natural gas

wells and contaminate groundwater. The agency wrote, “In old production areas,

abandoned wells may pose a serious threat to ground water quality. Unplugged or

improperly plugged wells provide possible vertical communication between saline and

fresh water aquifers.”
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Flood risks

Fracking exacerbates flood risks in two ways. First, massive land clearing and forest

fragmentation that necessarily accompany well site preparation increase erosion, run-off, and

risks for catastrophic flooding. The construction of access roads, easements for pipelines, and

build-out of other related infrastructure further contribute to the problem. Compared to an acre

of forest or meadow, an acre of land subject to fracking construction activity releases 1,000-

2,000 times more sediment during rainstorms. In addition, in some cases, operators choose to

site well pads on flood-prone areas in order to have easy access to water for fracking, to abide

by setback requirements intended to keep well pads away from inhabited buildings, or to avoid

productive agricultural areas.

Second, the vulnerability of fracking sites to flooding increases the known dangers of

unconventional gas extraction, heightening the risks of contamination of soils and water

supplies, the overflow or breaching of containment ponds, and the escape of chemicals and

hazardous materials. Storage tanks on oil and gas sites appear particularly vulnerable to flood-

related damage resulting in toxic spills. A 2019 study documented over 600 hazardous chemical

releases from gas installations and offshore oil facilities and pipelines triggered by Hurricanes

Rita and Katrina. During Hurricane Harvey flooding in Texas in 2017, Eagle Ford operators

reported 31 spills at oil and gas wells, storage tanks, and pipelines. A 2021 study found that such

flood-related toxic incidents in the greater Houston area are disproportionately higher in

impoverished communities. A 2023 study found that coastal California residents living closest

to flood-prone oil and gas wells are disproportionately low-income people of color.

Rising sea levels, more powerful hurricanes, and increased storm surges in coastal areas, all

consequences of climate change, are expected to represent an increasing threat to oil and gas

infrastructure, especially along the Gulf coast. According to a 2018 study, natural gas

processing plants in U.S. coastal areas are among the energy infrastructure most vulnerable to

inundation by sea level rise. So-called natural hazard‐triggered technical disasters, or “natech

events” are the focus of a growing area of research.

• May 2, 2023 – A mapping study identified 129 hazardous industrial facilities at high risk

for flooding in coastal California by 2050 due to rapidly rising sea levels. Oil and gas

wells—along with ancillary fossil fuel infrastructure—made up a large fraction of these

sites. The study also found that residents living nearest to flood-prone hazardous sites

were disproportionately low-income, elderly, unemployed, and non-white. By the end of

the century, the number of at-risk hazardous sites could rise to 423, imperiling even more

socially vulnerable communities from flood-induced contaminant releases. “Because we

did not include pipelines in our analysis, we underestimated the extent of oil and gas

infrastructure that may threaten communities with contaminant releases due to sea level

rise. Prior analyses suggest about 90 to 290 km of natural gas pipelines are projected to

be flooded by century’s end due to sea level rise in the San Francisco Bay Area

alone.”
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• July 20, 2022 – An analysis of permits and other public records revealed that at least 20

new major oil and gas plants have been proposed in flood zones. These include seven

LNG export terminals and six natural gas compressor stations. Five of the proposed

projects are located on the Texas Gulf coast where industrial malfunctions and toxic

chemical releases to air and water followed Hurricane Harvey’s wake in 2017.
1564

• May 2, 2023 – Spring flooding in April 2023 worsened erosion near the 70-year-old

Enbridge Line 5 oil and gas pipeline in northern Wisconsin, heightening fears of

exposure among the Bad River Band of Lake Superior Chippewa whose reservation is

nearby. Line 5 carries crude oil and natural gas liquids across northern Wisconsin and

Michigan to Sarnia, Ontario. Enbridge is planning to relocate the Line 5 pipeline around

the Bad River reservation by constructing 41 miles of new pipeline.
1565, 1566

• April 19, 2021 – The concentration of oil and gas waste facilities, petroleum and natural

gas facilities, and petroleum bulk terminals was greatest in the lower socioeconomic

status (SES) areas of the greater Houston metropolitan area, and the majority of incidents

at toxic sites occurred at petroleum and natural gas facilities, according to the first study

addressing disparities in exposure to toxic incidents following Hurricane Harvey in 2017.

This Mount Sinai School of Medicine-led analysis demonstrated that low SES areas were

more likely to have a toxic release, even after taking into account the greater number of

toxic sites in lower SES areas. The actual flooding was highest in the second-lowest

quintile of SES and lowest in the highest SES quintile of the study areas. But because

flooding was not found to be a significant predictor of an incident at a toxic site related to

the hurricane, researchers wrote that this suggests “there are other unmeasured variables

that contribute to incidents occurring in lower SES areas,” possibly including “lower

maintenance or upkeep of facilities, gaps in safety measures, encompassing an overall

absence of resiliency to natural disasters.” After petroleum and natural gas facilities,

other site types with high numbers of incidents were chemical facilities and superfund

sites.
1567

• December 16, 2020 – Of the major storms impacting southeast Texas from 2001 through

2019, Hurricane Harvey had by far the most serious effect on the oil and gas sector,

including impacts on employees. Lamar University researchers analyzed industry

practices related to resilience and recovery, using a participatory methodology. As

expressed by industry representatives, unmet needs included the modernization of flood

gauges; availability of high-water vehicles; revised regulations allowing for the use of
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drones for emergency response; revised labor standards to ease labor shortages following

emergencies; and improved logistics and communications, as flooded roadways impeded

the ability to receive cargo, including spare parts, from the airport. Rainfall during

Harvey exceeded the internal drainage capacity of the oil and gas facilities. At one plant,

corrosion of equipment remained unremediated for more than a year after the flood. The

study also looked at industry changes made in the aftermath of Harvey. These included

the physical raising of facilities and equipment. The study reported that nearly half of oil

and gas industry employees were affected personally by the flood, and employees’ family

safety and damaged homes impeded their return to work. Employees on site at the time of

the hurricane could not go home, and lack of food and medication on site were identified

as problems. Some companies reported considering purchasing high-water vehicles with

40-inch tires to move personnel in these emergencies.
1568

• April 29, 2020 – Fracking should be designated an “unacceptable use” of the floodplains

of Australia’s western Queensland channel country, according to the report of an

independent scientific panel commissioned by that state’s government that was blocked

from public release.
1569

Guardian Australia obtained the panel’s report which said it

“wanted the state to establish a designated wetland and floodplain precinct in which

fracking would be banned, and gas wells restricted from frequently flooded areas.”

• December 24, 2019 – Hurricane Harvey in 2017 resulted in “extraordinary damage” to

onshore industrial facilities, including oil and gas infrastructure, and storage tanks were

the most frequently damaged pieces of equipment, according to an investigation using

government incident databases documenting accidents involving hazardous chemicals.

Researchers found that fully 42 percent of the hurricane-related accidents involved

storage tanks, thus adding data and evidence to previous research that had identified

storage tanks as highly vulnerable to catastrophic damage from storms and floods.

Storage tanks released hundreds of thousands of kilograms of their hazardous contents

during Harvey. No plans were in place to deal with the volume of rain that fell during this

category 4 hurricane. Calling this an “unforeseen new failure mode,” and acknowledging

the role of climate change in causing more frequent and more severe disasters,

researchers called for review and updating of design standards of floating roof storage

tanks. At least 400 storage tanks in the Houston region have this type of roof.
1570

• November 5, 2019 – Noting that floods will be increasing in frequency and severity due

to climate change, researchers studied the impact of flood water on natural gas pipeline

transmission valves to identify possible threats to safety and demonstrated that flooding

presents risks of corrosion beyond routine threats. The chemical composition of flood
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waters, which can vary widely, “had an aggressive effect on the metals.” Flood waters

may also scour the surrounding land, leading to loss of mechanical stability of gas

pipelines, particularly at various parts including valves. Specifically, this study found that

the loss of stability of a gas pipeline would be most dangerous for flange connections,

due to the additional forces of the underwater environment, and can also be the result of

“force moments,” which can trigger changes in the load balance. Flange connections

comprise some valve connections in aboveground gas pipelines. This study provides

additional evidence and detail to previous research demonstrating the long-term negative

impact of flood waters on the operation of transmission systems. “[T]here is often a

conflict between economic conditions and ensuring the appropriate safety of transmission

systems,” researchers wrote.
1571

• August 5, 2019 – The oil and gas industry is “both a victim and a perpetrator” of the

landslides and sinkholes linked to the industry’s Pennsylvania activity and infrastructure,

according to the Pittsburgh Post-Gazette.
1572

“With hundreds of well pads and thousands

of miles of pipelines newly added to the ground in Pennsylvania over the past decade, the

industry’s development disturbs the surface and eliminates some trees and vegetation that

would otherwise absorb rainfall. Then the rain, in turn, floods culverts, soaks the ground

and moves soil without regard for what pipelines may be relying on its support.” The

article also covered the “precipitation spikes” in the state, noting the twelve months

previous to publication were the rainiest on record, with nearly two feet more rain than an

average year for the last century. According to an engineering professor quoted in the

piece, very few of the industry’s infrastructure standards have been updated to account

for this climate change impact.

• May 29, 2019 – A George Washington University research team described the “potential

disastrous and growing” public health risks that the combination of increasingly extreme

weather, chemical facilities, and vulnerable populations presents. They present findings

on recent natural hazard‐triggered technical disasters, or “natech” events, which are the

focus of a growing area of research. Natech events include the “over 600 hazardous

material releases from gas installations and offshore oil facilities and pipelines,” triggered

by Hurricanes Rita and Katrina.
1573

Their own research identified 872 highly hazardous

chemical facilities within 50 miles of the hurricane‐prone U.S. Gulf Coast, and 4,374,000

people, 1,717 schools, and 98 medical facilities within 1.5 miles of these facilities.

• March 5, 2019 – In the aftermath of Hurricane Harvey, which brought record rainfall and

widespread flooding to Houston and Galveston, the state of Texas and the U.S.
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Environmental Protection Agency (EPA) prohibited a National Aeronautics and Space

Administration (NASA) plane “equipped with the world’s most sophisticated air

samplers” to fly over chemical spills, fires, flooded storage tanks, damaged plants, and

flooded Superfund sites. Instead, a single-prop plane was used by the EPA to gather

information on about two dozen air pollutants, whereas the NASA jet could have

analyzed more than 450. At the same time, the Texas governor began a seven-month

suspension of state air pollution emissions rules. A subsequent investigation by the

Associated Press and the Houston Chronicle showed there was “widespread, unreported

pollution and environmental damage in the region. The team identified more than 100

storm-related toxic releases, including a cloud of hydrochloric acid that leaked from a

damaged pipeline and a gasoline spill from an oil terminal that formed ‘a vapor

cloud.’”
1574

• November 30, 2018 – According to the Miami Herald, a new Florida Power & Light gas

plant, replacing an existing one, will be raised 11.5 feet “to protect from sea level rise, a

growing threat caused by emissions from fossil fuel plants.” The region is expected to see

14 to 34 inches of sea level rise by 2062. Testimony at a public hearing, following an

outpouring of public opposition to the project, included objections to further investments

in fossil fuel projects. “What will you tell residents when the last of their personal

possessions wash out to sea and the plant that fuels that tide stands above them?”
1575

• November 29, 2018 – Storm protections will not be coming nearly as quickly as the

planned tens of billions of dollars in new natural gas processing and chemical facilities

along the Texas gulf, explained a collaborative investigative article in the Texas Tribune.

“Many of the proposed, under-construction or recently built facilities along the Texas

Gulf are in areas that felt [Hurricane] Harvey’s bite.” Harvey dropped more rain than any

storm on U.S. record and led to chemical spills, contaminant releases to the air, and

explosions at oil, gas, and chemical facilities. “Extensive storm modeling by top Texas

scientists has shown that if a hurricane hit near the southern end of Galveston Island

outside Houston… storm surge would pour into the Port of Houston, dislodging

thousands of storage tanks full of crude oil and hazardous chemicals.”
1576

• September 14, 2018 – In Beaver County, Pennsylvania, a landslide following heavy rains

and flooding caused an explosion of a new section of Energy Transfer Partners’

Revolution Pipeline one week after it was operational, according to an investigative piece

in Environmental Health News. The explosion destroyed a house, other structures, and

vehicles, and forced evacuations. A few months earlier, a TransCanada natural gas
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pipeline in Marshall County, West Virginia exploded due to landslide. In its recent permit

application, Shell Pipeline Company identified 25 locations prone to landslides along the

route of its proposed Falcon Ethane Pipeline through Pennsylvania, Ohio, and West

Virginia.
1577

• September 11, 2018 – Pipeline construction guidelines are based on standards that do not

account for recent changes in weather patterns, and flood risks are particularly

exacerbated along the Mountain Valley Pipeline route, which passes through

extraordinarily rugged terrain. In a mountainous area of Virginia, pipeline construction

workers were compelled to rush preparations for catastrophic rain from Hurricane

Florence in summer 2018 as the abnormally wet summer overcame efforts to prevent

runoff and erosion.
1578

• August 22, 2018 –The state of Texas sought at least $12 billion, nearly all of it coming

from public funds, to build a nearly 60-mile “spine” of concrete seawalls, earthen

barriers, floating gates, and steel levees on the Texas Gulf Coast. This region is home to

one of the world’s largest concentrations of petrochemical facilities, including most of

Texas’ 30 refineries. Facilities that would be protected by this project include those

owned by the Saudi-controlled Motiva, Chevron, DuPont, and others. Scaled back from

earlier proposals, the current one focused on refineries, according to the Associated

Press.
1579

• April 28, 2018 – In their assessment of coastal energy infrastructure at risk along the Gulf

Coast, scholars at Louisiana State University concluded that natural gas processing plants

in the United States are particularly vulnerable to inundation by sea level rise compared

to other energy infrastructure, with up to eight percent of natural gas processing capacity

at risk. Tidal flooding is known to be an ancillary effect of sea level rise. Hence, apart

from sea level rise itself, “storm surges and flooding from extreme weather-related events

often increase the current exposure of these facilities to near-term damage.”
1580

Fifteen

natural gas processing plants were in the potential inundation zones of the study’s various

sea level rise scenarios, with nine plants projected to be inundated under all three

scenarios.

• December 29, 2017 – Flooding was a central theme in an internationally focused review

of energy critical infrastructures at risk from climate change. Potential flood impacts on
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oil and gas infrastructure take many forms: storm surge flooding damaging aboveground

fuel storage tanks; flood-related soil erosion exposing buried underground oil and gas

pipelines; and inundation of oil refineries. The authors noted that as climate change

“leads to an increase in atmospheric moisture content, the likelihood of extreme

precipitation and the risk of flooding increase with associated physical impacts” on

infrastructure such as power plants and gas pipelines.
1581

• September 15, 2017 – Hurricane Harvey and its resulting flooding affected various parts

of metropolitan Houston’s vast oil and gas operations, as well as the Eagle Ford shale

region of South Texas. Reuters reviewed company reports to the U.S. Coast Guard on the

various releases of petrochemicals around the time of Harvey’s hit and subsequent

flooding. In addition to more than 22,000 barrels of crude oil, gasoline, diesel, drilling

wastewater, and petrochemicals spilled from refineries, storage terminals, and other

facilities in the days after the storm, 27 million cubic feet (765,000 cubic meters) of

natural gas was released.
1582

Pipeline operators are required to report oil and gas, but not

drilling wastewater, spills to the Texas Railroad Commission. An environmental

organization retrieved and listed this data, finding 31 spills at oil and gas wells, storage

tanks, and pipelines during the hurricane’s flooding. The group notes that though the data

contains many “produced water” spills, they are likely underreported since they are not

mandatory.
1583

More than half the fracking rigs running in the region were estimated to

have shut down. “Given that much of oil and gas activity occurs in areas only accessible

via dirt roads, the heavy rainfall usually makes the movement of trucks and supplies

much more difficult…The trucking and rail of sand, chemicals, and personnel to the well

site will all take more time given the likely nasty condition of many Eagle Ford access

roads,” according to an energy analyst.
1584

• May 25, 2016 – The removal of photos of flood-related oil spills on a Texas state-run

website appears to be an effort to hide visuals that “don’t portray the energy business in a

flattering light,” according to the El Paso Times Editorial Board. The photos revealed

potential environmental damage caused by flooding at fracking sites.
1585

As earlier

reported by the El Paso Times, many of the photos shot during Texas’ recent floods

“show swamped wastewater ponds at fracking sites, presumably allowing wastewater to

escape into the environment—and potentially into drinking-water supplies.”
1586
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• May 1, 2016 – Spring floods across Texas inundated oil wells and fracking sites, tipped

over storage tanks, and flushed crude oil and fracking chemicals into rivers, as

documented in an Associated Press story that referenced dozens of aerial photographs

showing flooded production sites along the Sabine River on the Texas-Louisiana border.

(The photographs were later removed from direct public access; see above.) Past

president of the American Public Health Association Walter Tsou, MD, called the

situation “a potential disaster.”
1587

• June 12, 2015 – At the beginning of 2015, after a month of record-breaking rainfall, Fish

and Wildlife Service officials at the Hagerman National Wildlife Refuge in Texas found

that floodwaters flowing through oil production well pads in the refuge had inundated

dozens of jackpumps, pipelines, and other oil and gas infrastructure, leaving bubbling,

oily water and a gassy stench. In 1989, the U.S. Government Accountability Office

(GAO) called for “bold action” to address fossil fuel production activities incompatible

with the mission of the refuge system. Subsequent reforms have been exceedingly slow,

according to a report from Greenwire. In most cases, the Fish and Wildlife Service does

not know how much fossil fuel is produced or spilled on refuges, and remediation efforts

are inadequate. Severe weather events are expected to increase in frequency and severity

as climate change progresses, amplifying flood related concerns.
1588

• June 20, 2014 – The Coloradoan reported that Noble Energy storage tanks damaged by

spring flooding in Colorado dumped 7,500 gallons of crude oil, fracking chemicals, and

fracking wastewater into the Cache la Poudre River, which is both a National Heritage

area and a habitat for Colorado’s only self-sustaining population of wild trout. Recent

high river flows had undercut the bank where the oil tank was located, which caused the

tank to drop and break a valve.
1589

• March 2014 – An extraordinary flood that struck the Front Range of Colorado killed ten

people, forced the evacuation of 18,000 more, destroyed more than 1,850 homes, and

damaged roads, bridges, and farmland throughout the state. More than 2,650 oil and gas

wells and associated facilities were also affected, with 1,614 wells lying directly within

the flood impact zone. Many of these storm-damaged facilities and storage tanks leaked

uncontrollably. In a later accounting, Matt Lepore, Director of the Colorado Oil and Gas

Conservation Commission, estimated the flooding had resulted in the release to the

environment of 48,250 gallons of oil or condensate and 43,479 gallons of fracking

wastewater from 50 different spill sites across the state. In Colorado, more than 20,850

oil and gas wells lie within 500 feet of a river, stream, or other drainage. According to

Director Lepore, setback requirements that keep drilling and fracking operations away
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from residential areas inadvertently encourage operators to drill in unoccupied

floodplains. At the same time, oil and gas operators prefer locations close to supplies of

water for use in fracking. These twin factors result in a clustering of drilling and fracking

operations in low-lying areas prone to catastrophic flooding.
1590

• 2004-2013 – In 2004, 2005, 2006, 2009, 2011, and 2013, several counties targeted for

shale gas drilling in New York State experienced serious flooding. These include the

counties of Albany, Broome, Cattaraugus, Chautauqua, Chenango, Delaware, Erie,

Greene, Madison, Orange, Otsego, Schoharie, Sullivan and Ulster. In 2004, 2005, 2006,

2009 and 2011, floods exceeded 100-year levels in at least some of the counties.
1591, 1592,

1593, 1594, 1595, 1596, 1597

• February 7, 2013 – In its 2012 annual report to investors, oil and gas drilling company

Noble Energy stated, “Our operations are subject to hazards and risks inherent in the

drilling, production and transportation of crude oil and natural gas, including … flooding

which could affect our operations in low-lying areas such as the Marcellus Shale.”
1598

• September 7, 2011 – The New York State Department of Environmental Conservation’s

(NYS DEC) draft shale gas drilling plan recommended that drilling be prohibited within

100-year floodplains but acknowledged that many areas in the Delaware and

Susquehanna River basins that were affected by flooding in 2004 and 2006 were located

outside of officially designated flood zones.
1599

In 2004, 2005, 2006, 2009, and 2011,

flooding in New York exceeded 100-year levels in at least some of the counties where

drilling and fracking may occur.
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• 1992 – In its Generic Environmental Impact Statement (GEIS) for oil and natural gas

drilling, which was predicated on conventional drilling, the NYS DEC raised concerns

that storage tanks holding drilling wastewater, spent hydraulic fracturing fluid, or other

contaminants could be damaged by flooding and leak. At the time, the GEIS called for at

least some of these tanks to be properly secured.
1600

Shale gas extraction via horizontal

fracking would require many more storage tanks for fracking fluids and wastewater than

conventional drilling operations anticipated in 1992 when the agency estimated that oil

and gas wells in the state would each require 20,000-80,000 gallons of fracking fluid.
1601

As of 2011, the agency anticipated that high volume, horizontally fracked shale gas wells

in New York State would each require 2.4-7.8 million gallons of fluid—roughly 100

times the 1992 estimate.
1602
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Threats to agriculture, soil quality, and forests

Drilling and fracking operations pose risks to farming, soil, and forests. Pipeline construction

compacts and damages agricultural soils in ways that can persist for decades. On average in the

United States, each fracking well is associated with a 3.3 acre reduction in crop acreage. This

loss of farmland is exacerbated by potentially permanent soil contamination from fracking

wastewater spills. Additionally, studies find soil degradation, lower crop yields, and loss of

microbial diversity on farmland intentionally irrigated with oil and gas wastewater. Fracking

wastewater reused for irrigation and livestock watering in California’s San Joaquin Valley may

contain at least ten known or suspected chemical carcinogens, as well as over a dozen chemicals

with no available toxicological data and many unidentified compounds currently classified as

“trade secrets.” A 2020 study found elevated levels of sodium and boron in California soils

irrigated with wastewater. Agricultural uses of wastewater, as well as flowback water spills, raise

questions about direct exposure of affected soils, contamination of food crops via bioabsorption

through plant roots, and impacts on livestock due to ingestion. In California, fracking

wastewater illegally injected into aquifers threatens crucial irrigation supplies to farmers in a

time of severe drought.

Studies and case reports from across the country have highlighted instances of deaths,

neurological disorders, aborted pregnancies, and stillbirths in farm animals that have come into

contact with wastewater. In Pennsylvania, ingestion of farm water contaminated with fracking

chemicals has been linked to dysphagia, an extremely rare birth defect of the neuromuscular

control of swallowing, among horses.

Drilling and fracking operations have led to documented harm to forests and natural areas. In

forested areas of Pennsylvania, fracking activities have greatly reduced canopy covers and

thereby diminished the carbon storage capacity of photosynthesizing forest trees. Throughout

Appalachia, as forests and grasslands are fragmented by fracking operations, their surfaces

become more impervious, regional biodiversity declines, and sediment and runoff into nearby

streams increases. Soil compaction in cleared areas is detrimental to new plant growth and

encourages the growth of invasive species. In Ohio, water withdrawals to service fracking

operations episodically reduce the flow of small streams in ways that can disrupt downstream

aquatic ecosystems and threaten regionally endangered species. Sharp declines in the

abundance and diversity of songbirds in Appalachian forest interiors accompany the arrival of

fracking development activities even at low levels of forest loss. In Wyoming, fracking

operations are disrupting the migratory movements of mule deer in ways that may lead to lower

survival and reproductive success.

• May 29, 2023 – Researchers investigating how the construction of three oil and gas

pipelines had affected agricultural soils on the western Canadian prairie found persistent

signs of damage more than half a century later, as measured by organic carbon levels, soil

compaction, pH, salinity, and calcium carbonate abundance. “Residual effects remained.
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Neither soil conservation and reclamation practices, nor natural recovery had yet

achieved equivalent capability for the target soil group.”
1603

• May 1, 2023 – Using county-level data on active fracking sites and acreage of crops, a

research team investigated the impact of drilling and fracking well pads on agricultural

land use across multiple shale basins in the United States during 1997-2018. The team

found that, on average, each active well was associated with a 3.3 acre reduction in crop

acreage, but with large regional differences. In the Great Plains and in Appalachia,

fracking operations negatively affected agricultural land use. In the Southwest, where

windfall income from mineral rights may have encouraged farmers to expand crop

production rather than take retirement, researchers found a positive relationship between

the number of active fracking wells and crop acreage.
1604

• December 7, 2022 – A systematic literature review evaluated the effects of pipeline

installation on soils and plants in agricultural and natural ecosystems. Altogether, the

studies showed that pipeline installation degrades soil and inhibits plant productivity in

ways that persist for many years. A quantitative analysis found that, compared to non-

disturbed adjacent areas, the water infiltration and aggregate stability of soils near

pipelines decreased while soil compaction increased. Fifteen out of 25 studies

documented declines in crop yields (6.2-45.6 percent), and six out of nine studies

reported decreased biomass from natural ecosystems.
1605

• November 8, 2022 – A systematic quantitative review of the social sciences literature

regarding the perceived impacts of fracking on natural resources looked at 96 different

papers that used survey research techniques. In more than two-thirds of papers,

respondents identified perceived risks associated with land use.
1606

• October 6, 2022 – Using remote sensing data, a research team in Wyoming investigated

how well pads disrupted the movements of mule deer within migratory corridors during

the spring. They found that deer did not acclimate to the ecological disturbances that

accompanied oil and gas development. Even when only a small portion of their migration

corridor was industrialized, herds of mule deer altered their movements and lost their

ability to freely move across the landscape to forage on the flush of nutritious spring

growth within sagebrush communities. The research team predicted that the decoupling
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of deer migration from the annual spring “green wave” would result in less body fat for

the winter, lower survival, and fewer offspring.
1607

• September 28, 2022 – An Ohio Northern University study found that water withdrawals

from fracking operations episodically reduced the flow of smaller streams in the eastern

Ohio River basin in ways that could significantly disrupt downstream aquatic ecosystems

and threaten regionally endangered species. Using modelled estimates of historic stream

flow, the team found that half of all streams had significant flow reductions (10-20

percent) during fracking operations.
1608

• August 29, 2022 – In the ten-year period between 2007-2017, permits were granted to

21,000 shale gas wells located on 4,240 well pads in the Marcellus Shale region of

Pennsylvania, West Virginia, and Ohio. Researchers investigating ecological changes

associated with these sites mapped land use and land cover disturbances with a 25-

hectare buffer zone (= 61.8 acres) around well pads in this region. Researchers found that

forests and grasslands were the most damaged cover types. On average, disturbances

caused by fracking operations damaged 6.2 hectares(15.3 acres) in Pennsylvania, 4.7

hectares (11.6 acres) in Ohio, 4.4 hectares (10.9 acres) in West Virginia, and 5.6 hectares

(13.8 acres) over the region. As forests and grasslands are fragmented and their surfaces

become more impervious, regional biodiversity declines and sediment and runoff into

nearby streams increases.
1609

• April 28, 2023 – A fourth sinkhole developed in Daisetta, Texas above land used for oil

and gas wastewater injection. Daisetta sits above a salt dome, which may have dissolved

and caused the cave-in.
1610

[See also entry below for March 16, 2018.]

• March 30, 2022 – A Colorado State University-led study found that only restrictions on

fracking or a reduction in the number of wells—by, for example, a transition to

renewable energy sources—led to protection of both wildlife populations and public

health. Other types of mitigations, such as siting fracking wells away from residential

areas and into forested areas, simply shift the burden of harm from human to wildlife

populations. The researchers recommend an energy justice framework to mitigate the

effects of oil and gas extraction, which includes the element of responsibility, whereby

humans recognize the intrinsic value of nonhuman life and acknowledge their obligation
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to minimize environmental degradation.”
1611

• April 14, 2021 – A study in an area of New Mexico with intense and continuous natural

gas drilling activities found that elevated sound levels from gas wells and associated

compressor stations impeded the growth and maturation of juniper and pinion pine

seedlings. This study also found that noise directly altered the community of seed-

dispersing animals upon which both tree species depend for reproduction, resulting in a

decline in these foundational species. “We found support for long-term negative effects

of noise on tree seedling recruitment, evenness of wood plants and increasingly dissimilar

vegetation communities with differences in noise levels…Our results add to the limited

evidence that noise has cascading ecological effects.”
1612

• April 9, 2021 – Before proceeding with production-scale fracking, South Africa can learn

important lessons about surface impacts to rural and natural areas from the experience of

fracking in North Dakota’s agricultural Bakken region, according to a South African and

North Dakota-based research team. The researchers noted that “energy sprawl” is the

largest driver of land-use change in the United States, and that South Africa is unprepared

to deal with these impacts. The research was based on the apt comparison of the Bakken

to eastern South Africa: the mix of dryland farming and cattle ranching, rural towns,

areas of Native lands, and federal conservation lands. A primary lesson learned in this

analysis was the necessity to prioritize environmental integrity from the outset in order to

prevent the kind of impacts seen in the Bakken. Researchers wrote that Bakken

landowners eventually learned strategies to improve outcomes from the industry’s soil

and vegetation restoration projects, by, for example, writing into their contracts the

imperative to use native grasses rather than exotic and annual species for revegetation. By

contrast, however, restoring natural grassland is simply not currently feasible in South

Africa because commercial seed harvesting and processing are not available at a volume

or scale sufficient to support widespread restoration projects.
1613

• April 9, 2021 – A study of landcover changes and forest structural changes in the

Muskingum River Watershed in Appalachian Ohio found extreme damage to forest

ecosystems in two areas—Carroll-Harrison counties and Belmont-Guernsey-Monroe-

Noble counties—where intensive drilling and fracking activities took place during a

boom that reached its peak in 2014 and slowed down by 2018. The loss of core forest was

over 14 percent in regions where fracking operations were most dense and also included

pipeline rights-of-way. High-resolution aerial images and other remote sensing

techniques revealed that about two-thirds of the core forest was lost during the rising

phase of the boom, while one-third occurred during the declining phase. The study
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documented a range of complex ecological damage, including break-up of the forest

canopy; conversion of large continuous forest zones into small, isolated forest zones;

irreversible changes in microclimate conditions; and the fragmentation and altered

movement of wildlife populations.
1614

• March 15, 2021 – A journalistic investigation found that the pipeline company Cheniere

and its construction contractors have trucked away valuable topsoil from Oklahoma

farms, flooded fields, and left construction debris and unrepaired swaths cut through soil.

Cheniere cited an economic downturn, cost overruns, and the pandemic as reasons for the

lack of reconstruction of the farmers’ lands.
1615

• March 12, 2021 – A proposed 12-mile natural gas pipeline to be built by Louisville

Electric and Gas (LG&E) will cut through Kentucky’s Bernheim Research Forest and

Arboretum’s Cedar Grove wildlife corridor, which includes habitat for endangered

species, including Kentucky glade cress, which grows nowhere else in the world. A

media investigation revealed that Beam Suntory, the parent company of Jim Beam

Bourbon, would be the sole recipient of the gas for the first five years.
1616

• March 8, 2021 – Fracking harms natural landscapes in ways that are not limited to its

infrastructure footprint alone. An Arkansas-based research team estimated restoration

costs on land currently occupied by 400,000 restoration-eligible, non-producing well

sites. These sites are largely located on temperate deciduous forest, grassland and pasture,

and agricultural lands. The team then also calculated the economic benefits of restoration,

including carbon sequestration and agricultural sales. The results showed that the value of

carbon sequestration and agricultural benefits from the restoration, accrued over 50 years,

was $21.3 billion in 2018 dollars. By contrast, the cost of restoration was $6.9 billion.

Thus, the benefit-cost ratio of restoration exceeds 3:1. While the restoration of all

abandoned fossil fuel lands in the United States showed economic benefits in this study,

the restoration of deciduous forests, grasslands, and Mediterranean ecoregions had the

biggest value.
1617

• February 23, 2021 – Fracking in the Permian Basin of west Texas and New Mexico takes

place in arid and semi-arid landscapes. A study that evaluated 1300 cross-sectional

parcels of land in this region using high-resolution remote sensing research found

significant harm to shrubland and grassland/pasture, with damage to shrubland most

pronounced. The impacts were more strongly associated with the shale oil and gas

production volume than with the number of wells drilled. The results showed that

fracking activities affect vegetation cover in two ways: direct land-use change by clearing

vegetation and, secondarily, from spillover impacts on nearby vegetation, as when
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fracking waste creates surface salt formation. These secondary impacts are more difficult

to determine and take more time to assess.
1618

• February 1, 2021 – Benzene from a pipeline leak contaminated soil over four acres and at

20-foot depths on a farm in western Weld County, Colorado. Landowners Julie and Mark

Nygren were ultimately forced to remove the soil and demolish their house after

discovering that liquid hydrocarbons had pooled beneath it. In April 2019, after years of

observing trees dying off on their property, they found green liquid floating in a ditch 130

feet from their house in a discovery that led to a determination that an underground

“gathering line” had breached below their farm. As described by Julie Nygren, the

resulting clean-up has created ongoing upheaval on their farm including the challenge of

“planning to maneuver around the heavy equipment and the trucks that haul as many as

100 loads of contaminated soil to a landfill each day.”
1619

• January 22, 2021 – From 2012 to 2017, the core forest in the karst region of southwestern

China decreased by 5.7 percent due to drilling and fracking activities, as determined by

high-resolution, remote-sensing images. Though shale gas development was not the main

driver of deforestation in this region, which has been experiencing other kinds of

development as well, its impact will likely accelerate as shale gas industry development

ramps up. Of all the various shale gas activities studied, pipeline construction had the

greatest impact on core forest landscape.
1620

• January 15, 2021 – In a study of North Dakota’s four core shale-producing counties and

two peripheral counties, researchers using GIS technology found that the footprints of

both single wells and multi-well pads were significantly higher than industry estimates.

The average single-well pad required 5.26 acres, while the average multi-well pad

footprint was 8.60 acres. In the six counties, 23,077 acres of farmland were lost when

they were converted by the fracking industry to 3,577 well pads plus access roads that

service them. Authors estimated that 22.57 farms were lost with the six affected counties,

with an estimated income loss of $4.45 million per year. In addition to farmland, 440

wetlands and 154.68 acres of native woodlands were impacted by well pads and access

roads.
1621

• December 29, 2020 – In some states, fracking wastewater is re-used to irrigate food

crops. To determine if the plants can absorb some of the chemicals known to be present
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in the waste stream, researchers irrigated wheat with four fracking chemicals known to be

linked to health risks, in a greenhouse experiment. They found significant uptake into

both the wheat grain and stems for two of the chemicals, diethanolamine and

tetramethylammonium chloride (TMAC), compared to the control plants. They found the

third chemical, acrylamide, in statistically higher concentrations in the stems only, while

didecyldimethylammonium chloride, the fourth chemical, was not detected in grain or

stems. To reflect a worst-case scenario situation, researchers used in their experiment the

maximum concentrations of the fracking fluid chemicals as reported in the FracFocus

database. Results indicated that consuming the wheat with study levels of TMAC, a

biocide, would present elevated health risks in both adults and children. Researchers

acknowledged that their experimental design did not represent the true chemical

complexity of fracking fluids that might potentially be used for agricultural irrigation.

They recommended evaluation of more complex chemical mixtures, at various levels, on

other plant species. They noted that the expense and resources needed for the research to

address the data gaps are significant.
1622

• June 26, 2020 – “Landscape alteration” is likely to increase by approximately 42 percent

under a “low-impact” oil and gas development scenario and by as much as about 299

percent under a “high-impact” scenario, in the Permian Basin of Texas and New

Mexico.
1623

Researchers determined through these low-, medium-, and high-impact

scenarios that, under each respectively, 60,000, 180,000, and 430,000 new well pads

could be constructed through 2050. The Chihuahuan Desert, the largest portion of the

study area, was determined to have the largest area of alterations, approximately 70, 200,

and 500 percent under the three scenarios. The study’s projections only include well pad

development, not infrastructure, such as pipelines, compressor stations, and new roads,

and authors cited research documenting these developments “can double the amount of

alteration caused by well pads alone.”

• June 4, 2020 – If reclamation took place on Arkansas lands with abandoned Fayetteville

Shale oil and gas infrastructure, researchers estimated a gain of over $2 million annually

in agricultural, timber, and carbon sequestration benefits, with benefits far outweighing

the costs. The study used an ecosystem services approach, measuring changes using a

monetary calculation of the value of natural resources beneficial to humans. Restoring

lands to their original habitat, the researchers wrote, would have profound benefits to

species requiring contiguous habitat as well as providing an important carbon sink.

Almost 20 percent of wells in the Fayetteville Shale are currently non-producing, and as

of 2017 only about 20 percent of those had been reclaimed. Nearly all wells in the

Fayetteville Shale will be abandoned by 2050, according to the researchers. As the

number of active wells declines, the cumulative costs would continue to increase while

any oil and gas economic benefits decrease. The study suggested that there would be a

two- to four-year break-even period after which regained ecosystem services benefits

following reclamation would offset the reclamation costs. The researchers appealed for
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public education to understand the benefits and to support reclamation, with agricultural

benefits an “especially efficacious as a way to communicate to the Arkansas public,” as

the public “might be especially receptive to programs that improve agricultural output,

and subsequently the value of private property.” Public support of policy changes would

be necessary since the state’s bonding requirements are inadequate.
1624

• May 12, 2020 – Soil irrigated by “oilfield produced water” (OPW) in Kern County,

California had systematically higher boron and sodium levels than soil irrigated by

groundwater, in a study by a team of California and North Carolina researchers.
1625

Researchers concluded that long-term utilization of this blend of oilfield wastewater and

surface water could induce boron and sodium toxicity and threaten crops in the long term.

The study focused on inorganic chemistry and naturally occurring radioactive materials

(NORM), “aiming to evaluate the long-term impact from irrigation with blended OPW as

compared to local groundwater.” Results indicated that the blended OPW was of

comparable quality to the groundwater, with constituents measured below drinking water

and irrigation standards. But the findings of elevated boron and sodium, the researchers

concluded, pose “long-term risks to soil sodification [excess sodium], groundwater

salinization, and plant health.” The continued use of OPW for irrigation will require

planting of boron-tolerant crops to avoid boron toxicity.

• May 5, 2020 – Research performed by a team from three veterinary research centers

found a link between farm water contaminated with fracking chemicals and dysphagia, an

extremely rare birth defect involving the neuromuscular control of swallowing, in

horses.
1626

Dysphagic foals have difficulty suckling effectively. In 2014, veterinarians at

the Cornell University Hospital for Animals found five out of ten foals born on one farm

in Pennsylvania (PA) carried this defect. The research team that responded analyzed

dysphagia cases in neonatal foals born between 2014 and 2016 on that farm, as well as on

an unaffected New York (NY) farm with the same owner, evaluating biological data and

environmental exposures on each. The PA farm is located in the northeast region of the

Marcellus shale formation and has 28 fracking wells within 10 kilometers. Of the 69 foals

born during the study period, 17 were dysphagic and all born in PA, and 48 were normal

(11 born in PA, 37 born in NY). Several mares that were on the PA farm for the first half

of pregnancy had healthy offspring after being moved to the NY farm mid-pregnancy,

and several mares starting off in NY and moving to the PA farm gave birth to dysphagic

foals. Both farms used the same feed and hay. The study’s environmental analysis found

the PA well water to contain higher levels of several polyaromatic hydrocarbons (PAHs)

compared to the NY farm water, including 3,6-dimethylphenanthrene, fluoranthene,
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