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1

— Introduction

The United States produces more oil and natural gas than any other nation in the world. 1 Between now
and 2030, the U.S. is on track to unleash 60 percent of all new oil and gas production globally – four
times more than any other country. 2 Of the many impacts this fossil fuel extraction will have, there is
one that is often overlooked. Being the world leader in oil and gas also means the U.S. leads in toxic oil
and gas waste, which contains carcinogens, heavy metals, and radioactive materials. This waste is
produced long after the drilling stops. 3
Today, most wells are hydraulically fractured and produce skyrocketing amounts of gaseous, liquid and
solid waste. Though airborne pollutants are a serious threat to both people and climate, this report is
an in-depth look at the liquid and solid waste streams generated by drilling and hydraulic fracturing,
specifically:
•

Where oil and gas waste is going, and where it should/should not be

•

What disposal of toxic oil and gas waste means for our water and land

•

How communities are affected by waste production, transport, treatment and
disposal

•

What policies need to change to protect the public and environment.

The trends revealed in this report are disturbing, from the
accumulation of radioactive sediment in rivers to the
contamination of drinking water, all from the poor
management of oil and gas waste. The risks from this waste
extend far beyond the places where it originates. It
sometimes travels hundreds, even thousands, 4 of miles
across the country through unsuspecting communities.
The United States landed its leading role in oil and gas due, in
part, because of the industry’s political power to secure major
exemptions from our most fundamental environmental laws.
Without an exemption from the Resource Conservation and
Recovery Act (RCRA), and other statutes, the industry and its
impacts would not have flourished so aggressively during
what many have dubbed the “shale gas revolution.”
And like other revolutions, this one has harmed, and will
continue to harm, people and the environment for
generations to come.

Source: oilandgasthreatmap.com

We have to make sure that toxic oil and gas waste is
managed carefully, and the Recommendations at the
end of this report can help.
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Hazardous Oil & Gas Waste Is Not “Hazardous”
You read that title correctly – hazardous waste from oil and gas operations are exempt from federal and
state laws from being classified as “hazardous.” And, yes, that does mean that hazardous waste is being
transported, treated and disposed of as if it is not hazardous.
Nearly 30 years ago, long before the “shale boom” started, the United
States Environmental Protection Agency (EPA) considered whether oil and
gas waste should be regulated under federal hazardous waste law,
specifically the Resource Conservation and Recovery Act (RCRA).
Among the EPA’s many conclusions about oil and gas waste in a 1988
report to Congress were:
•

Oil and gas wastes “contain a wide variety of
hazardous constituents.”

•

“Regulatory gaps exist.”

•

“[Waste management] practices vary
substantially in the protection they provide to the
environment.”

•

“For the major waste streams, EPA was unable to
identify any new technologies…that offer promise
for wide application in the near term.” 5

Source: oilandgasthreatmap.com

Despite these conclusions, EPA decided to exempt oil and gas development waste from the definition
of “hazardous” under RCRA anyway. (Later in this report, we’ll show you exactly how the exemption
happened and what Earthworks and others are doing to close this loophole today.)
As the saying goes, the more things
change, the more they stay the same.
Between 1995 and 2009, the number of oil
and gas wells in production grew more
than 20% (141,000); by 2013, natural gas
wells had increased more than 65%
(189,000). By 2016, there were more than
1.1 million active oil and gas wells
nationwide. 6 Every single oil and gas well
produces waste, and the number of waste
spills grows along with the number of wells
every year.
Even more astounding is the number of
people living near oil and gas operations.
According to an August 2017 study, an
estimated 17.6 million Americans live
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within a mile of oil and gas development, including half of the population in West Virginia and almost a
quarter of the population in Ohio. 7
Despite over 30 years of research about the toxic impacts of the industry’s waste, it is far from being
handled properly. The hazardous waste regulations under RCRA still do not apply to oil and gas
development waste today, in 2019. Consequently, oil and gas waste is categorized as non-hazardous
and its management is largely handled by state laws that also exempt it from “hazardous” classifications.
Thus, there is little consistency in tracking, testing, and monitoring requirements for oil and gas waste
in the United States.

Still Wasting Away
Looking ahead, waste pollution and the associated health
effects could cost billions to remedy. But whose responsibility
would that be – whose liability?
Many of the questions about oil and gas field waste asked
decades ago still persist, including what each load contains, or
how it should be treated and disposed of. Also debated is
whether states have the ability and resources to adequately
protect water, soil, and air quality in the process, not to
mention public health.
In 2015, Earthworks published Wasting Away: Four states’
failure to manage oil and gas waste in the Marcellus and Utica
Shale, which outlined the gaps in management and laid out
solutions. For this report, Still Wasting Away, we’ve found that
many of the same problems with oil and gas waste persist, and
therefore, many of our policy recommendations remain the
same.
Still Wasting Away re-examines how oil and gas field waste has
been tracked, regulated, and treated across the nation, where
and how policy gaps have changed since 2015, and necessary
steps that states and the federal government can take to
prevent the environmental harm that results from evergrowing volumes of poorly managed toxic waste.
Still Wasting Away includes in-depth analysis of nine oil and gas
producing states, each with a report of their own: California,
Colorado, New Mexico, New York, North Dakota, Ohio,
Pennsylvania, Texas, and West Virginia. Waste is frequently
transported across the borders of these and other states,
creating a complex web of waste management that begs for
federal standards.
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As drilling
continues in the
U.S. – the world’s
largest oil and gas
producer – this
report examines
where states are
with regard to oil
and gas waste
management, and
where they still
need to go.
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The Industry’s “Achilles Heel”
Oil and gas waste is sometimes referred to as the “Achilles Heel” of the industry, a vulnerability that
carries with it great risk. There is far more toxic waste than the industry has places to put it, and disposal
has already led to pollution and earthquakes. 8
The average household bathtub holds 80 gallons of water. According
to the American Petroleum Institute, the oil and gas industry
produces about 18 billion barrels (31.5 gallons each) of wastewater
annually. 9 That’s enough toxic waste to fill over 7 billion bathtubs
every year.
According to Argonne National Laboratory, the total estimated
volume of produced water for 2007 was about 21 billion barrels, or
57.4 million barrels per day. 10 That’s 22.6 million bathtubs of
wastewater every single day in 2007 alone.

Overall, the amount of waste being generated per oil and gas well is
increasing. An analysis by Downstream Strategies found that the
amount of liquid waste generated per well in West Virginia has
steadily increased since 2016, despite the reduction in producing
wells. 12 A national study of hydraulic fracturing found that liquid
wastewater volumes generated within the first year of production
increased up to 1440% between 2011 and 2016. 13
Regulatory agencies and legislatures have acknowledged the
challenges posed by the surge in oil and gas waste and have taken
some action to strengthen policies and regulations. Yet, some states
have actually weakened their rules since 2015, and most oil and gas
states can still not say for sure how much waste is being produced,
where it all ends up, and what happens over time after it gets there.
Environmental health impacts from mismanaged oil and gas waste
are a risk to any community where waste operations take place. But
to make matters worse, many waste sites are built in disadvantaged
communities with higher than average illiteracy rates, aging or
minority populations, and people living below the poverty line. In
other words, the “Achilles Heel” of the oil and gas industry is stepping
down much harder on disempowered communities.

State

Total Energy
Production
(Crude Oil + Natural Gas)
by Trillion BTU 11

Texas

17,080

Pennsylvania

7,888

Wyoming

7,518

Oklahoma

4,005

West Virginia

3,785

North Dakota

3,498

Colorado

3,078

New Mexico

2,582

Louisiana

2,555

California

2,431

Ohio

2,411

Illinois

2,406

Alaska

1,433

Kentucky

1,234

Arkansas

1,130

In Ohio, for example, Class II wastewater injection wells are sited in
at least 41 counties, 22 of which are in Appalachia where median
household incomes can fall below $20,000 per year. 14 Realities like
this make the story of oil and gas waste all the more troubling,
because disadvantaged communities have fewer resources to hire
attorneys, submit complaints or appeals, attend meetings, or abate
problems when they occur.
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Below is a brief list of the impacts caused by oil and gas waste in recent years…but this list is far
comprehensive. There are many, many more.

Shining a Light on Waste
High-profile events have brought public and media attention to the waste problems
associated with Marcellus and Utica shale gas development, such as:

2008

2012

Improperly treated shale gas wastewater
caused a surge in levels of Total
Dissolved Solids (TDS) in the
Monongahela River, polluting water and
leading to a bottled water advisory for
Pittsburgh residents. 15

1,000 trucks carrying shale waste
triggered radioactivity detectors at
landfills, and some of the waste was
found to be too hazardous for disposal. 20

2011 and 2013
Clean Water Action and partners filed
lawsuits to stop the continued discharge
of improperly treated Marcellus Shale
drilling wastewater into Pennsylvania
rivers; settlements have resulted in
requirements for some treatment plants
to change their technologies and
practices. 16

2012
A study confirmed that a series of
earthquakes in Ohio was linked to the
disposal of drilling wastewater in a
nearby underground injection well.17
Following these events, Ohio’s Governor
issued emergency rules for operators of
injection wells to reduce the risk of
seismic events related to waste
disposal. 18

2012
A contract waste hauler was found guilty
of illegally dumping drilling waste into
Pennsylvania streams and mineshafts, a
practice that went on for six years before
he was caught. 19
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2013
Drill cuttings generated at Pennsylvania
well sites were trucked all the way to a
specialized facility in Idaho due to their
excessive levels of radioactivity. 21

2013
The U.S. Environmental Protection
Agency and XTO Energy settled a lawsuit
over the company allowing wastewater
to flow off a well site into the
Susquehanna River, a problem that
continued unabated for more than two
months. 22 The Pennsylvania Attorney
General also filed criminal charges
against XTO for the spill. 23

2013
There were nearly 600 spills of
wastewater, fracturing fluids, and other
substances at oil and gas well sites in
Pennsylvania, a 70% increase since
2011. 24

2013
Sierra Club and partners launched a
campaign to prohibit New York landfills
from accepting drilling waste from
Pennsylvania. 25
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2014

2015

PADEP levied a civil complaint and
potential fine against EQT Corp. for a
2012 leak of 300-500 gallons of flowback
fluid from a pit in Tioga County that
polluted soil, groundwater, and a high
quality trout stream. 26

Three million gallons of produced water
leaked from a shallow underground
pipeline in the Williston Basin, North
Dakota. 34

2014
A drilling waste management company in
Ohio pled guilty to illegally dumping
drilling waste into a tributary of the
Mahoning River on at least 20
occasions. 27

2014
A West Virginia landfill rejected waste
from centralized impoundments in
Pennsylvania because of high
radioactivity levels—signaling a reversal
of past practices. 28 A specialized facility in
Michigan eventually took the waste and
an associated impoundment liner, all of
which had to be processed for disposal to
dilute the high radioactive content. 29

2014
Three centralized waste impoundments
in Pennsylvania were shut down and the
operator fined a record $4.15 million for
leaks and spills that resulted in soil and
groundwater pollution. 30

2014
A study by the U.S. Government
Accountability Office emphasized the
risks of earthquakes and groundwater
contamination posed by lax oversight at
underground injection wells. The report
singled out Ohio for not requiring
operators disposing of waste to reveal its
chemical content. 31

2014
Court depositions revealed that
Pennsylvania regulators had omitted
measurements of harmful contaminants
near a waste impoundment from a
report on air quality. 32

2014
Over the course of a few years, concerns
about toxic chemicals and radioactivity in
wastewater spurred 15 New York
counties to adopt bans on the roadspreading of brine. 33
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2016
Researchers from USGS, Duke University,
& University of Minnesota found
“[e]vidence indicating the presence of
wastewaters from unconventional oil and
gas (UOG) production was found in
surface waters and surficial sediments
near an UOG disposal facility in West
Virginia.” 35

2016
Due to mounting pollution problems
from oil and gas waste, a group of
environmental groups (including
Earthworks) filed a lawsuit in federal
court, which approved a consent order
directing the U.S. Environmental
Protection Agency to review and possibly
update its regulations on oil and gas
waste under RCRA Subtitle D. 36

2017
WPX (Williams Production & Exploration)
was fined $1.2M for contaminating
groundwater and five residential drinking
water supplies with waste that leaked
from underneath an impoundment at its
fracking site in Westmoreland County,
PA.37 The state’s Environmental Hearing
Board also fined EQT Corporation $1.1M
for contamination resulting from a
leaking impoundment in Tioga County. 38

2017
Energy companies in North Dakota
averaged one oil spill every 11 hours and
45 minutes in the year between May
2016 – May 2017. 39

January 2018
A Duke University study found, even
though “conventional oil and gas
wastewater is treated to reduce its
radium content,” it had not prevented
“high levels of radioactive build-up in the
stream sediments” over time in
Pennsylvania. Researchers concluded:
“While restricting the disposal of fracking
fluids to the environment was important,
it’s not enough...Conventional oil and gas
wastewaters also contain radioactivity,

12

and their disposal to the environment
must be stopped, too.” 40

May 2018
During a case before the Pennsylvania
Environmental Hearing Board, PA Dept.
of Environmental Protection conceded
that it violated state law by approving oil
and gas wastewater for roadspreading
for the previous 30 years. The Plaintiff
and her neighbors complained of illness
and health problems following “brine”
application on their dirt road. 41

May 2018
A study published in the journal
Environmental Science & Technology
found that the spreading of oil and gas
wastewater on roads “released over 4
times more radium to the environment
(320 millicuries) than O&G wastewater
treatment facilities and 200 times more
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radium than spill events.” Researchers
also found: “...nearly all of the metals
from these wastewaters leach from
roads after rain events, likely reaching
ground and surface water. Release of a
known carcinogen (e.g., radium) from
roads treated with O&G wastewaters has
been largely ignored.” 42

July 2018
The Ohio Department of Natural
Resources found alarming levels of
radiation in the de-icer product
AquaSalina, manufactured using oil and
gas produced water. Over the course of
three years, more than five million
gallons were sold of the de-icer, which
tested up to 300 times higher for
carcinogenic radium than U.S. EPA Safe
Drinking Water Standards. 43
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2

— Types of Waste

Oil and gas operations produce several streams of toxic waste. Some of them contain carcinogens
and radioactive material, including wastewater being spread on roads. 44 Oil and gas field waste is
generally managed by government agencies and the industry as either liquid or solid, though sometimes
waste blurs the line between the two.
When it comes time for disposal, certain wastes might fit the general definition of solid, including drill
cuttings, muds, and fracturing sand—but when loads are brought to the surface after drilling, they
contain fluids and formation water and form sludges. Produced water, flowback, and fracturing fluids
are primarily disposed of at industrial or municipal wastewater treatment plants, but can also end up in
landfills designed for solid waste.

Liquid Waste
Oil and gas wastewaters contain varying amounts of salts, heavy metals, hydrocarbons, carcinogens and
naturally-occurring radioactive material (NORM). This wastewater is part rock and salt water from
underground and part chemicals or additives from the drilling and hydraulic fracturing processes.
Initially, liquid waste that comes up the first 2 -3 months after hydraulic fracturing (also known as
fracking) a well is called FLOWBACK and contains fracking fluids (water and chemicals) and materials
from the earth. After the initial flowback period, wastewater volumes decrease over time. The waste's
composition changes over time from flowback, at the beginning, to PRODUCED WATER, which contains
underground salt water, or BRINE, that comes to the surface for decades after the drilling stops. 45
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Despite having unique definitions in various states and statutes, the terms BRINE, PRODUCED WATER
and FLOWBACK are sometimes used interchangeably.
Sometimes, wastewater is reused by a company for more drilling and fracking, but eventually is
becomes unusable and must be disposed of. Ultimately, most liquid waste is either:
•

pumped back underground into “injection wells” for permanent storage

•

spread on roads for deicing and dust suppression

•

processed at industrial or municipal wastewater treatment plants and discharged into
waterways

•

manufactured into commercial products such as liquid deicer, rock salt, and pool salt 46

All of these methods come with risks to people and the planet, from water and soil contamination to
seismic events. We’ll discuss these impacts in more detail later in this report.
Some liquid waste can also end up in landfills designed for solid waste. For example, between 2012 and
2014, operators in Pennsylvania reported sending over 260,000 barrels of “drilling fluid waste,”
“fracking fluid waste,” “produced fluid,” and “servicing fluid” to landfills. 47 Oil and gas operators and
waste facilities can process sludges and liquids using large volumes of other materials to solidify the
waste, such as wood chips, sawdust, cement, or other waste products such as lime kiln dust, the byproducts of coal combustion, or the shredded remnants of automobiles and tires.
Often called “dilution” or “downblending,” this can occur at well sites or at processing facilities prior to
the waste being transported to landfills; some landfills also have the equipment and permits necessary
to blend waste. Dilution is a process used to make waste more likely to pass the EPA’s “paint filter” test,
a method through which landfills use shakers, presses, and centrifuges to determine if waste is solid
enough for disposal. 48 Downblending is also frequently used to decrease the concentration of
radioactivity in a given volume of waste enough to meet landfill disposal standards.

Solid Waste
Oil and gas production starts by drilling deep into the earth, in some cases several miles underground,
which brings rock and earthen debris called “drill cuttings” to the surface. These cuttings can contain
naturally-occurring radioactive materials, heavy metals, inorganic compounds, and drilling and fracking
additives such as lubricants and other chemicals.
As mentioned, semi-liquid drilling muds and sludge are also solidified with bulking materials so they,
like drill cuttings, can be disposed of in landfills. For example, a load of drilling sludge from southwestern
Pennsylvania that was rejected by landfills in that state and in West Virginia was finally accepted by a
specialized facility in Michigan, which needed to downblend it to get from the sludge’s level of 570pCi/g
of Ra-226 to the disposal facility’s standard of under 50pCi/g. 49
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Scale: Liquid or Solid
Scale is the build-up of precipitates inside an oil or gas well’s tubing, pipes, and other equipment. The
amount of scale increases over time and contains radioactive materials. 50 It can either be removed as a
solid, a process that creates “pipe dust” and poses a radiation risk to workers, or dissolved with acids
and disposed of with other liquid waste.

Sludge being blended with wood chips. Photo by US Geological Survey.

Blending Wastes
Operators and waste management companies are pursuing new methods of
solidification. However, it is clear that they are not consistently nor widely
conducting chemical testing of the new “combination” products to ensure that
they meet thresholds at landfills for particular contaminants or radioactivity,
nor that they will remain sufficiently solid and not leach into soil or
groundwater over time. According to Argonne National Laboratory, there are
limitations to the effectiveness of solidification and stabilization techniques and
varied environmental factors can contribute to leaching of contaminants into the
environment. 51
Mixing drilling wastes with materials that already contain toxic and/or radioactive
substances is a big concern. For example, coal ash—which contains arsenic,
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Coal ash—which
contains arsenic,
mercury, and lead
and is defined as
TENORM by
EPA—is often
mixed with drill
cuttings at some
West Virginia
landfills.
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mercury, and lead and is defined as TENORM by EPA—is often mixed with drill cuttings at some West
Virginia landfills. 52
Another contaminated dilution material, auto shredder residue (ASR, or auto fluff), is also used to
solidify drilling waste. In 2013, a waste processing facility in Ohio seeking approval from ODNR to expand
its operations stated that auto fluff (together with tire fluff and sawdust) would be a primary material
used for solidification of natural gas exploration and production wastes. 53
In 2002, EPA warned operators that if they mixed their wastes with other products: “The resulting
mixture might become a non-exempt waste and require management under RCRA Subtitle C
regulation” 54 – the law from which the oil and gas industry is otherwise exempt.
Just like oil and gas field waste, some key blending materials are exempt from RCRA, too. In late 2014,
EPA declined to designate coal ash as a hazardous waste, instead classifying it as “solid waste.” 55 EPA
has also refused to classify ASR as a hazardous waste—although according to researchers, ASR may
contain enough heavy metals, petroleum products, and PCBs to render it “hazardous wastes according
to the U.S. Environmental Protection Agency (EPA) Toxicity Characteristic Leaching Procedure (TCLP).” 56
In addition, as sludges and liquids are blended with other wastes, levels of contaminated and
potentially hazardous contents may rise, along with the sheer volume of “bulked up” waste. This is
particularly concerning when it comes to contaminants that do not degrade further through natural
processes (e.g., heavy metals and radionuclides) but instead accumulate in waste over time.

Density of onshore oil and gas wells throughout the United States, where liquid and solid wastes are produced.
SOURCE: U.S. EPA Detailed Study of the Centralized Waste Treatment Point Source Category for Facilities
Managing Oil and Gas Extraction Wastes, pages 4-38.
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Waste Streams
Brine
This broad term refers to water resulting from oil and gas drilling and production that has a high saline
content. In the Marcellus and Utica shales in the northeast U.S., there has been some debate about
whether the brine from deep, “unconventional” carbon-rich shales is more toxic than brine from

Brine storage tank. Photo by Nadia Steinzor.

shallower “conventional” oil and gas wells. But multiple studies have recently found that the brine and
produced water from conventional operations have been just as effective at contaminating river
sediments where treated waste is discharged into rivers. 57
Though at times misrepresented as mere “salt water,” 58 this waste stream is composed of varying levels
of chemical compounds in addition to saline water deposits from underground, including heavy metals
like barium and strontium, and Radium-226, which is carcinogenic.

Produced water
In the United States, produced water is the single largest waste product of the oil and gas industry – an
estimated 2.3 billion gallons per day. 59 EPA defines produced water as “the fluid brought up from the
hydrocarbon-bearing strata during the extraction of oil and gas, and includes, where present, formation
water, injection water, and any chemicals added downhole or during the oil/water separation
process.” 60 The term is often used to encompass all wastewater, including “brine” and “flowback.”
Geological formations that contain oil and gas also often hold large amounts of water, which is released
to the surface during production. The amount of produced water that is generated per well and the
concentrations of minerals, metals, oil and grease, and radiological materials it contains vary depending
on the formation being drilled.
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Studies indicate that produced water from the Marcellus Shale is the second saltiest and most
radioactive of all sedimentary basins in the U.S. where large-scale oil and gas development is
underway. 61 Produced water from the Marcellus and Utica Shale region is estimated to be 5-10 times
saltier than seawater, requiring considerable treatment before it can be reused or properly disposed
of. 62
Produced water may continue to flow over the entire life of a well, and studies increasingly show that
“produced water samples from both” unconventional and conventional “well types were equally toxic
to human cells and were corrosive at high concentrations.” 63

Flowback
The advent of horizontal drilling has vastly increased the volume of
water required for oil and gas production – up to 6 million gallons to
hydraulically fracture a shale well between 2011 and 2013. 64 Once
fracturing is completed and drilling pressure is released, the injected
water, fracking chemicals and formation fluids return to the
wellhead as “flowback.”
States that track flowback generally require that operators report
the volumes created in the initial period after fracturing (e.g., 30
days), as the amount decreases steadily over time. The proportion of
fracturing fluid injected into a typical Marcellus or Utica well that
returns as flowback varies. One study suggests about 10-30% of
injected fracturing fluid is recovered, 65 while a 2013 review of data
reported by operators put recovery at 8% in West Virginia and 6% in
Pennsylvania. 66
The contaminants present in flowback and their concentration vary
depending on the source of water used for fracturing (e.g.,
freshwater from a stream or recycled produced water) and the acids
and chemicals added to fracturing fluid (e.g., to reduce friction,
eliminate bacteria, or prevent corrosion of pipes). At the same time,
samples of flowback from the Marcellus Shale have shown
consistently high levels of sodium, chloride, strontium, barium, and
bromide. 67 In addition, flowback can contain substances originating
from the fractured formation, such as hydrogen sulfide and various
volatile organic compounds. 68

Samples of flowback
from the Marcellus
Shale have shown
consistently high levels
of sodium, chloride,
strontium, barium, and
bromide. In addition,
flowback can contain
substances originating
from the fractured
formation, such as
hydrogen sulfide and
various volatile organic
compounds.

Flowback can also contain “proprietary” chemicals, the identities of
which are undisclosed to the public in some cases, even when
associated health problems occur. In Pennsylvania, a recent review
of state records found that “companies injected secret fracking
chemicals 13,632 times into 2,515 wells” across the state.
Exemptions in Pennsylvania law allow the use of secret chemicals in
the state’s oil and gas wells, and researchers suggest the use is even
higher than predicted. 69
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Drill cuttings
After a hole is drilled to develop an oil or gas well, large amounts of ground up rock come back out. The
actual volume of drill cuttings generated will vary depending on the depth of a well and length of the
laterals in horizontal drilling. Various estimates have been put forth, including 500 tons for a deep
Marcellus Shale well; 70 to 600 tons for a Utica Shale well; 71 to 750 tons for an average Marcellus well; 72
to 1000 tons for an average
Marcellus well in West Virginia. 73
The sheer volume, weight, and
bulkiness of drill cuttings make their
treatment and disposal challenging.
Regulatory agencies generally
consider drill cuttings to be simply
rock and dirt, i.e., a natural material
that can be disposed of in landfills.
However, cuttings are coated with
drilling fluids, and loads can contain
a certain amount of liquid made up
of the same chemicals used in
hydraulic fracturing. Because they
are essentially ground up bits of
shale formations, they also contain
radioactive material, salts, and
hydrocarbons.

Drill cuttings at a gas well site in West Virginia. Photo by Bill Hughes.

Drilling muds
The development of deep oil and gas wells in dense shale requires extensive drilling, which is in turn
facilitated by fluids known as muds. Muds are used to control pressure in the wellbore, to cool and
lubricate the drill bit, to help bring drill cuttings to the surface, and for other purposes. Muds can be
water-based, oil-based, synthetic, or even made of air and foam—but they all contain chemical
additives. 74
Because drilling muds are primarily liquid, they have to be separated from cuttings prior to disposal or
reuse, and solidified and stabilized if they are destined for disposal in a landfill. In a 2013 report
developed for regulators in West Virginia, researchers found that samples of drilling muds from vertical
wells in the state contained concentrations of contaminants that exceeded drinking water standards,
including those for chlorides, benzene, and surfactants. 75

Sludge
Sludge accumulates in the bottom of tanks used to store waste and must be removed to maintain
storage capacity. Sludge is typically composed of wastewater, residuals, and various solids including
scale, sand and rust. 76 Sludge from wastewater treatment facilities also collects in equipment used to
process oil and gas wastewater and can contain even higher levels of radioactive material. 77
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Scale
Scale is the name for mineral deposits that accumulate in well tubing, hydraulic fracturing perforations,
in the formation itself, or inside other equipment. Scaling is caused by precipitation due to chemical
reaction or as saturation of produced water is disturbed by pressure and temperature changes during
the drilling or fracking processes. Scale buildup is abated with the use of acids and other chemicals
called inhibitors. 78 According to the EPA, “radioactivity in pipe scale can be quite high.” 79

Leachate
Leachate is a liquid formed when rain water filters through wastes disposed of in a landfill. The liquid
leaches, or draws out, chemicals or other constituents from those wastes. 80 Landfills that accept oil and
gas solid waste in the form of drill cuttings and solidified sludge that contain radioactive materials can
produce leachate that is radioactive as well. In a review of data from two landfills in West Virginia that
take large volumes of drill cuttings, Downstream Strategies found that leachate frequently contained
concentrations of Radium-226 and Radium-228 that exceeded the federal Maximum Contaminant
Level. 81

Filter Socks
These “socks” are used to filter wastewater from oil and gas drilling and hydraulic fracturing operations.
Because the wastewater often contains salts, heavy metals, fracking chemicals and naturally-occurring
radioactive materials, such as carcinogenic Radium-226, these socks are supposed to be disposed of in
landfills that can accept radioactive waste. However, as Forbes magazine has reported, 82 that doesn’t
always happen.

Wastewater Effluent
When not injected underground for permanent disposal, oil and gas wastewater is often sent to facilities
that process the waste and then discharge it to rivers or stream as effluent. EPA has effluent guidelines
for discharges from wastewater facilities, however studies have shown that even after treatment,
effluent can lead to accumulations of toxins such as ammonia and radium near discharge outfalls. 83
The EPA is currently studying facilities that allegedly clean fracking wastewater to effluent discharge
standards. However, Earthworks’ investigation of public records for some of these facilities reveal
disturbing gaps in effluent monitoring prior to releasing it into the environment. (See Centralized Waste
Treatment Facilities below.)
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Fracturing Sand
The essential point of hydraulic fracturing is to open up shale (as well as other geological formations)
so that oil and gas can flow out. But for this to happen, the fractures have to be propped open—which
is often achieved through the use of fine silica sand treated with chemicals. Thousands of tons of sand
are needed per well, and a significant amount returns to the surface after fracturing.

Fracturing sand mining on a Wisconsin farm. Photo by Carol Mitchell.

To date, little information is available about the specific chemical constituents or concentrations in
fracturing sand waste or its processing and disposal. Data from the Pennsylvania Department of
Environmental Protection indicate that the amount of fracturing sand waste disposed of in the state
grew more than 200% between 2011 and 2013, when it reached over 45,000 tons; most of this ended
up in landfills. 84

The Non-Exempts
The oil and gas waste streams listed above are exempt from hazardous waste regulations under federal
law. The following, however, are not automatically exempt:
•

Soil contaminated by spills, unused fluids, unused sand, etc.

•

Pit liners & equipment such as tanks, barrels and pipes

•

Unused lubricants, additives, cleaners and fracking chemicals

•

And more… 85
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3

— The RCRA Loophole

…Although [oil and gas wastes] are relieved from regulation as hazardous wastes, the exemption
does not mean these wastes could not present a hazard to human health and the environment…
—United States Environmental Protection Agency, 2002

In an effort to enact more comprehensive waste disposal standards
nationwide, the U.S. Congress passed the Resource Conservation and
Recovery Act (RCRA) in 1976. Through RCRA, Congress declared that the
“disposal of solid waste…without careful planning and management [was]
a danger to human health and the environment.” 86
Over time, however, Congress would also create a special exemption in
RCRA for oil and gas waste, which has led to consequences that could last
for generations. While exempt from RCRA, oil and gas waste has posed
substantial hazards for human health and the environment due to
improper management, treatment and disposal.
As the principal federal law that governs the disposal of solid and
hazardous wastes, RCRA takes a “cradle to grave” approach to ensure that
wastes are documented, tracked, and handled properly from the point of
creation through transport to their final disposal—something generally
lacking in the management of other kinds of waste. Congress defined
hazardous waste in RCRA, but left it up to EPA to decide the specific
characteristics of hazardous waste and which wastes meet those
characteristics. 87

The four technical criteria
EPA uses to determine if
a waste will be considered
“hazardous” are
ignitability, corrosivity,
reactivity, and toxicity;
waste will be considered
hazardous if it exhibits
any of the four
characteristics. Some oil
and gas wastes meet at
least one of these criteria,
yet all are exempt.

Under RCRA, a hazardous waste is one that can:
1) cause, or significantly contribute to an increase in mortality or
an increase in serious irreversible, or incapacitating reversible,
illness; or
2) pose a substantial present or potential hazard to human health
or the environment when improperly treated, stored,
transported, or disposed of, or otherwise managed. 88
Under RCRA, waste is considered hazardous if it exhibits any of these four
characteristics: ignitability, corrosivity, reactivity, and toxicity. 89 These
properties indicate that a waste poses a potential threat and should be
regulated as such.
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Even though oil and gas wastes exhibit some of these characteristics, Congress exempted “drilling fluids,
produced waters, and other wastes associated with the exploration, development, or production of
crude oil or natural gas” from hazardous waste regulations under RCRA in 1980. 90 At the same time,
Congress directed EPA to conduct a study to determine whether or not oil and gas wastes should, in
fact, be regulated as hazardous under the very regulations they had just amended to exempt the
industry. 91
In 1982, EPA missed the statutory deadline for submitting the oil and gas waste report to Congress.
Subsequently, nearly three years later, the Alaska Center for the Environment sued EPA for its failure to
conduct the required study and submit its findings. EPA then entered into a consent order obligating it
to complete and submit the Report to Congress by August 31, 1987. 92

Drilling waste pit in Pennsylvania. Photo by Frank Finan.

EPA met the 1987 deadline, completed the required study, and submitted a report to Congress on the
Management of Waste from the Exploration, Development, and Production of Crude Oil, Natural Gas,
and Geothermal Energy. 93
Shortly after, in 1988, EPA issued a Regulatory Determination in which it decided that regulation of oil
and gas wastes under Subtitle C of RCRA was unwarranted. 94 EPA’s Regulatory Determination also
expanded the exemption to include “rigwash, drill cuttings, and wastes created by agents used in
facilitating the extraction, development, and production of the resource, and wastes produced by
removing contaminants prior to the transportation or refining of the resource.” 95
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With this Regulatory Determination, EPA chose to exempt oil and gas
wastes from RCRA Subtitle C, the rules that govern hazardous wastes
— despite simultaneously finding that oil and gas wastes contain toxic
substances that endanger both human health and the environment.
For example, EPA found that benzene, phenanthrene, lead, arsenic,
barium, antimony, fluoride, and uranium in oil and gas wastes were of
major concern and present at “levels that exceed 100 times EPA’s healthbased standards.” 96
EPA emphasized that it was exempting oil and natural gas wastes from
federal regulation for two main reasons:
1) State regulations already in place were deemed “adequate.”

EPA declined to
define oil and
gas wastes as
hazardous
despite finding
contaminant
“levels that
exceed 100
times EPA’s
health based
standards.”

2) The petroleum industry would inevitably face economic
impacts should their wastes be regulated under Subtitle C. 97
But the same report wherein EPA concluded that existing state and federal regulations were generally
sufficient to manage oil and gas waste, the agency also revealed that regulatory gaps existed and
enforcement of existing regulations was inconsistent. EPA proposed a three-pronged approach to
address these concerns that included:
•

Improving federal programs under existing statutory authorities in RCRA Subtitle D (Nonhazardous Solid Waste), the Clean Water Act, and the Safe Drinking Water Act.

•

Working with states to encourage improvements in the states' regulations and enforcement
of existing programs.

•

Working with Congress to develop any additional federal statutory authority that may be
required.

EPA highlighted necessary improvements to state regulatory programs and collaborated with the
Interstate Oil and Gas Compact Commission (IOGCC) on ways to encourage states to fill specific gaps,
including:
•

Regulations for road-spreading and land-spreading of waste.

•

Surface impoundment (i.e., pit) location, design, and maintenance.

•

Regulations for wastes associated with oil and gas wastes.

•

Plugging abandoned oil and gas wells. 98

Today, many gaps in federal and state regulation of oil and gas waste management still remain, in part
due to the industry’s heavy influence over U.S. politics and the policies meant to regulate it.
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Industry Influence
Though their work together to strengthen state regulations was the first formal collaboration between
EPA and the Interstate Oil and Gas Compact Commission (IOGCC), the Commission had its eye on RCRA
regulations from the beginning.
In 2016, investigative journalists unearthed documents that revealed IOGCC began lobbying for a
federal exemption for the industry as early as 1979. 99 In an IOGCC newsletter published in 2006, the
Commission references a "a key event in 1987,” prior to EPA exempting the oil and gas industry, when
apparently “the IOGCC’s eﬀorts…proved successful, thwarting yet another move to diminish state
authority."100
In 1989, the IOGCC created the Council on Regulatory Needs, which
brought together state, environmental, and industry representatives to
develop national guidelines for state oil and gas programs.
In early 1990, the Council proposed to implement a process by which state
oil and gas programs were reviewed in comparison with those
guidelines. 101 This resulted in the formation of a multi-stakeholder
organization, in 1999, called the State Review of Oil and Natural Gas
Environmental Regulations, Inc. (STRONGER). To date, STRONGER has
reviewed 24 states, conducted at least 10 follow-up reviews of some of
those states, and released updated guidelines in 2017 that included
recommendations for pipelines transporting produced water and safety
standards for worker exposure to naturally-occurring radioactive materials
(NORM). 102

INDUSTRY INFLUENCE
The Interstate Oil and
Gas Compact
Commission began
lobbying for an
exemption for the
industry as early as the
1979.

STRONGER reviews, however, are based on states’ willingness to be assessed, and the organization
reported in 2016 that “[i]n recent years there has been a decline in the number of states volunteering
their programs for review. There is also a level of complacency concerning the potential for
congressional actions against the Resource Conservation and Recovery Act (RCRA) exemption and for
federal oversight of state programs.” 103

Industry influence continues...
In 2010, the Natural Resources Defense Council (NRDC) sent EPA Administrator Lisa Jackson a letter of
petition urging Jackson to use her authority as head of EPA to open the RCRA exemption for
reconsideration, citing “numerous reports and data produced since the EPA’s Regulatory
Determination...which quantify the waste’s toxicity, threats to human health and the environment,
inadequate state regulatory programs, and readily available solutions.” 104
Eight years later, NRDC has not received a formal response from EPA, but the oil and gas industry wasted
no time in responding. Two weeks after NRDC’s petition, the Independent Petroleum Association of
America (IPAA) went on the defensive, and in its retort bragged that Lee Fuller (Vice President of IOGCC
and Executive Director of industry PR firm Energy In Depth) was the prime “architect” of the RCRA
exemption for oil and gas wastes during his time as a staffer for Senator Bentsen, after whom the
original exemption for oil and gas was named in 1980 (The Bentsen Amendment.) 105
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In the 30 years that have passed since EPA issued its 1988 Regulatory Determination, both the oil
and gas industry and the risks associated with its wastes have expanded dramatically. Yet the
continued existence of the RCRA exemption has made it possible for states to define and manage
oil and gas wastes as “solid” or “residual” despite the fact that some of them meet the definition of
hazardous waste. In turn, states have been able to avoid the adoption of additional federal tracking,
testing, transport, and disposal requirements established under RCRA.

Drill cuttings stored at a well site in West Virginia. Photo by Bill Hughes.

There has also been confusion over the years about which oil and gas waste is exempt and which is not.
EPA published a report in 2002 attempting to clear this up, but added that “the RCRA exemption does
allow the operator to choose a waste management and disposal option that is less stringent and
possibly less costly than those required under RCRA Subtitle C.” 106
The ability to choose “less stringent” disposal options fosters a race to the bottom to find the quickest,
easiest, cheapest, and often dirtiest waste management option rather than the one with greater
protective measures in place.
In May 2016, Earthworks joined the Environmental Integrity Project and several other organizations to
file a federal lawsuit against EPA for the agency’s failure to review and, if necessary, revise its rules for
the disposal and handling of dangerous and harmful oil and gas wastes.
That December, the groups reached a legal settlement with EPA 107 requiring the agency to update
rules on the management of solid oil and gas waste by landfills and other facilities, which the agency is
obligated to do under Subtitle D of RCRA. EPA’s deadline to put a determination in writing was
scheduled for March 15, 2019.
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RCRA Complexities: Not all wastes are exempt
Hazardous waste is regulated under RCRA under Subtitle C and Non-hazardous waste under Subtitle D.
Not all oil and gas wastes are exempt from RCRA Subtitle C hazardous waste regulations – and
unfortunately, not all oil and gas operators are clear on which types of waste are not exempt. An online
search of non-exempt wastes produces pages of documents from agencies and consulting firms across
the U.S. attempting to clarify the distinction.
To clear up “several misunderstanding about the exemption,” EPA issued a document in 2002 that
explained the RCRA Subtitle C (hazardous waste) exemption “did not preclude these wastes from
control under state regulations, under the less stringent RCRA Subtitle D solid waste regulations,” and
included basic rules for determining whether a waste is actually exempt. 108 To be considered exempt,
the waste must have been directly used for or generated during the drilling and fracking processes.
For example, a solvent used to clean equipment or machinery on the
well site is not exempt because it is not “uniquely associated with the
exploration, development, or production operations.” But if the same
solvent were pumped down the well and came back to the surface, it
would then be exempt. This is the ‘magic’ of the RCRA loophole – it
turns waste streams that should be regulated under hazardous waste
law into waste that no longer has to be.
Examples of the non-exempt wastes include unused drilling additives
and fracking chemicals (that didn’t make it down the hole), waste
solvents, equipment lubricating oils, radioactive tracers, compressor
oil and fluids, used hydraulic fluids, caustic or acid cleaners, and
miscellaneous solids such as synthetic liners and contaminated soils.
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Duplicating the loophole: RCRA in the Marcellus Shale states
Ohio does not specifically exempt oil and gas field waste from being defined as hazardous, but
regulations state that hazardous waste includes “any substance identified by regulation as
hazardous waste under the Resource Conservation and Recovery Act of 1976” (RCRA)—which
in effect exempts oil and gas field waste. In addition, in a preliminary draft of waste regulation
revisions, ODNR would prohibit oil and gas operators from generating any wastes that are not
exempt from RCRA, or allowing “brine or other waste substances [to] come in contact with
non-exempt wastes in any manner which causes a loss” of the exemption—a clear indication
that Ohio has every intention of maintaining the hazardous waste loophole for the oil and gas
industry. 109 In 2013, HB 59 directed ODNR to adopt rules for waste storage and disposal; these
preliminary draft revisions are still in draft phase years later, as of May 2019.
Pennsylvania law does not specifically exempt oil and gas field waste from being defined as
hazardous. However, Title 25 of the Pennsylvania Code references the Code of Federal
Regulations when defining hazardous waste: “40 CFR Part 261 and its appendices (relating to
identification and listing of hazardous waste) are incorporated by reference”—in effect
including the federal exclusion of oil and gas field waste in state law. 110 Pennsylvania’s Solid
Waste Management Act does not mention oil and gas field waste, but does appear to leave
the door open for the Department of Environmental Protection to decide at any time to
regulate a waste as hazardous; the law states that the list of wastes defined as hazardous
“shall in no event prevent the department from regulating other wastes…when the
department has determined such waste poses a substantial present or potential hazard to the
human health or to the environment…” 111 PA updated its oil and gas regulations in 2016,
creating separate rules for unconventional and conventional operators, but there we no
changes to the “residual” status of any oil and gas waste.
West Virginia has a specific exemption for the oil and gas industry that mirrors RCRA. The
state’s Hazardous Waste Management Act specifies several types of wastes that are not
subject to “promulgation of rules by the director” (of the WVDEP), i.e., they do not require
regulation by the state as hazardous substances. This includes “drilling fluids, produced
wasters, and other wastes associated with the exploration, development, or production of
crude oil or natural gas…” 112 In addition, the law prevents the state from enacting regulations
through the Hazardous Waste Management Act that would be similar to what is required
under RCRA, unless the oil and gas waste exemption in RCRA is first removed by EPA and the
U.S. Congress. 113
New York categorically excludes from its definition of hazardous waste any and all “drilling
fluids, produced waters, and other wastes associated with the exploration, development, or
production of crude oil, natural gas or geothermal energy.” 114 At the same time, the state’s
laws governing such waste provide definitional criteria and maximum contaminant levels of
numerous parameters that could well apply to oil and gas field waste. 115 For this reason,
environmental organizations have been calling for legislation to subject oil and gas field waste
to hazardous waste testing requirements and, if it meets the definitional criteria, to dispose of
it accordingly; a bill to accomplish this has twice passed the state Assembly, but not the
Senate. 116 In 2017, Earthworks and partner organizations send recommendations to NYDEC
during the state’s update to its Part 360 Regulations for Solid Waste Management Facilities,
including a the prohibition of oil and gas waste disposal at landfills or use as a roads due to
“the inherently toxic and potentially hazardous and radioactive nature of oil and gas
wastes.” 117 However, these recommendations were not included in NYDEC’s final regulations.
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How Oil and Gas Bypassed Hazardous Waste Laws
The Timeline of the Resource Conservation
and Recovery Act (RCRA)

Congress Passes Resource
Conservation and Recovery
Act (RCRA) to Manage
Hazardous Waste

Congress passed the Resource Conservation & Recovery Act (RCRA) in 1976 which required EPA to
develop regulations governing the identification and management of hazardous waste. Using a
“cradle to grave” approach, RCRA ensures that waste is documented, tracked, and properly handled
from the point of creation through transport to final disposal. Unfortunately, however, Congress
later created a special exemption in RCRA for oil and gas waste, with consequences that have lasted
for decades.

EPA Publishes First
Hazardous Waste Standards

Two years later, EPA released the first waste standards under RCRA, with four technical criteria to
determine if a waste is hazardous – 1) ignitability 2) corrosivity 3) reactivity and 4) toxicity. Waste
is considered hazardous if it exhibits one or more of these characteristics, and oil and gas waste
often does. However, EPA recommended later publishing separate rules for six high volume “special
wastes” like “oil and gas drilling muds and oil production brines.”

Interstate Oil & Gas Compact
Commission Makes a Goal to
Influence the EPA

At a meeting six months after EPA published its first hazardous waste standards, the Interstate
Oil & Gas Compact Commission commits to influencing the EPA and shares the economic costs
of federal regulations with the agency. According to investigative journalists, IOGCC is a U.S.
Congress-chartered interstate compact consisting of U.S. oil and gas producing states, with a
membership roll that includes state-level regulators, industry lobbyists and executives. [Steve
Horn, “IOGCC-Spawned Loophole Creating Frackquake Crisis Faces Federal Lawsuit,” DeSmog Blog,
May 24, 2016.]

OCTOBER 1980

Congress Temporarily Exempts Oil &
Gas (O&G) Waste from RCRA – The
Bentsen Amendment

In 1980, Congress amended RCRA to temporarily exempt oil and gas “drilling fluids, produced waters, and other wastes” from hazardous waste classification while EPA studied whether the wastes
are hazardous and determine if RCRA C or D (non-hazardous) should apply. This became known as
the Bentsen Amendment* to RCRA. *The late US Senator from Texas, Lloyd Bentsen, after whom
the amendment was named, had a staffer working on RCRA at the time named Lee Fuller, who
ended up leaving public service to become a lobbyist for the Independent Petroleum Association of
America (IPAA). Fuller later became the Executive Director of IPAA’s powerful fracking front group,
Energy in Depth.

OCTOBER 1982

EPA Misses Deadline for O&G Waste
Study & Report

EPA didn’t conduct the study about whether oil and gas wastes should be regulated under RCRA
hazardous waste rules within Congress’s deadline, but Congress didn’t seem to notice.

AUGUST 1985

Alaska Center for the Environment
Sues EPA For Not Studying O&G Waste

Congress may not have noticed, but Alaska Center for the Environment did and sued EPA for its
failure to conduct a study of oil and gas waste. As a result, EPA is ordered to complete and submit
the report to Congress by August 31, 1987.

AUGUST 31, 1987

EPA Studies O&G Waste, Submits Its
Report to Congress

In its 1987 report regarding whether the oil and gas industry should be exempt from RCRA, the EPA
stated that toxic substances in oil and gas wastes appeared at “levels that exceed 100 times EPA’s
health based standards” and that 10 to 70 percent of oil and gas wastes sampled “could potentially
exhibit RCRA hazardous waste characteristics.” [Report: Management of Waste from the Exploration, Development, and Production of Crude Oil, Natural Gas, and Geothermal Energy]

DATE 1987

Interstate Oil & Gas Compact
(IOGCC) Pushes For State
Control

According to a newsletter published in 2006, IOGCC admits to its role in the RCRA exemption. At “a
key event in 1987, the IOGCC’s efforts to preserve state regulation of drilling muds and produced
wastes, proved successful, thwarting yet another move to diminish state authority.” [Making A
Difference: a historical look at the IOGCC (newsletter) January 2006]

EPA Exempts O&G Waste
from Federal RCRA Regs
Despite Finding It Could Be
Hazardous

Despite the facts about the hazards of oil and gas waste found in their study less than a year before,
the EPA issued a Regulatory Determination exempting oil and gas exploration and production
wastes from RCRA Subtitle C. In this very same Determination, EPA concluded that “some portions
of both the large volume and associated waste would have to be treated as hazardous” if the
exemption the agency granted was ever lifted. Because EPA identified gaps in state regulations and
noted inconsistent enforcement, the agency pledged to promulgate specially tailored rules under
RCRA Subtitle D for these wastes EPA exempted from RCRA Subtitle C. [Regulatory Determination
for Oil, Gas, and Geothermal Exploration, Development and Production Wastes, July 6, 1988 (53 FR
25466)]

OCTOBER 1976

DECEMBER 1978

JUNE 1979

JULY 1988
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RCRA TIMELINE
In an effort to fill the regulatory gaps identified by EPA, the Interstate Oil and Gas Compact

1989

Interstate Oil & Gas Compact Commission Commission (IOGCC) created the Council on Regulatory Needs, which brought together state,
environmental, and industry representatives to develop national guidelines for state oil and gas
(IOGCC) Creates Council on Regulatory
programs, continuing its successful push to prevent oil and gas waste from being regulated at the
Needs to Address Gaps in State Regs
federal level.

1990

IOGCC’s Council on Regulatory Needs
Suggests Impementation of State
Review Process

In early 1990, the Council released a report establishing guidelines for the integration of recommended criteria in state regulatory regimes. It also proposed to implement a process by which state
oil and gas programs were reviewed in comparison to the guidelines.

MARCH 1993

EPA Clarifies Which Oil & Gas Waste Are
Exempt

Without altering the original exemption in any way, EPA issued a clarification on the status of
wastes generated by the crude oil reclamation industry, service companies, gas plants and feeder
pipelines, and crude oil pipelines. [Clarification of the Regulatory Determination for Wastes from
the Exploration, Development and Production of Crude Oil, Natural Gas and Geothermal Energy,
March 22, 1993 (58 FR 15284)]

EPA Clarifies The Exemption...Again

To clear up “several misunderstandings,” EPA issued a document in 2002 that included basic rules
for determining whether a waste is actually exempt, as well as a clarification that the RCRA
Subtitle C (hazardous waste) exemption “did not preclude these wastes from control under state
regulations, under the less stringent RCRA Subtitle D solid waste regulations, or under other federal
regulations.” The EPA also had to remind everyone that just because oil and gas wastes were exempt, did not mean the wastes “could not present a hazard to human health and the environment
if improperly managed.” [Exemption of Oil and Gas Exploration and Production Wastes from Federal
Hazardous Waste Regulations]

SEPTEMBER 2010

Natural Resources Defense Council
(NRDC) Files Petition Asking EPA to
Reconsider RCRA Exemption

NRDC sent EPA Administrator Lisa Jackson a letter of petition urging Jackson to use her authority
as head of EPA to open the RCRA exemption for reconsideration, citing “numerous reports and data
produced since the EPA’s Regulatory Determination...which quantify the waste’s toxicity, threats to
human health and the environment, inadequate state regulatory programs, and readily available
solutions.” As of September 2018, NRDC hasn’t heard back from EPA. [Petition for Rulemaking Pursuant to Section 6974(a) of the Resource Conservation and Recovery Act Concerning the Regulation
of Wastes Associated with the Exploration, Development, or Production of Crude Oil or Natural Gas
or Geothermal Energy.]

SEPTEMBER 2010

Independent Oil Association of America
(IPAA) Brags, Their Own Lee Fuller Was
‘Prime Architect’ of RCRA Exemption for
Oil & Gas

Independent Petroleum Association of America went on the defensive after NRDC’s requested EPA
reconsider the RCRA exemption, and in its retort bragged that Lee Fuller (VP of IOGCC and Executive
Director of Energy In Depth) was the prime “architect” of the RCRA exemption for oil and gas wastes
during his time as a staffer for Senator Bentsen, for whom the original exemption for oil and gas
was named in 1980. [IPAA, “Oil and Natural Gas RCRA Exemption Under Attack,” September 10,
2010.]

JULY 2013

U.S. Rep. Matt Cartwright Introduces
CLEANER Bill to Remove Exemptions

U.S. Rep. Matthew Cartwright (D-PA) introduced a bill to remove the RCRA oil and gas wastes
exemption in July 2013, three years after NRDC filed its petition. The legislation has 43 co-sponsors
and was endorsed by 137 organizations from across the country, but never made it out of the U.S.
House Subcommittee on Environment and the Economy.

DECEMBER 2015

Cartright re-introduced the CLEANER Act to remove RCRA exemptions for the oil and gas
Round Two: Rep. Cartright Goes After The Rep.
industry, this time with 100 co-sponsors and endorsed by 206 organizations. But once again, the
RCRA Exemption Again
bill never made it out of subcommittee.

MAY 2016

Earthworks & Others Sue EPA
Over RCRA D

Earthworks, Environmental Integrity Project, NRDC and several other organizations filed a federal
lawsuit against EPA for the agency’s failure under RCRA D to review and, if necessary, revise its rules
for the disposal and handling of dangerous and harmful oil and gas wastes. The organizations had
filed a federal lawsuit against EPA in May due to the agency’s failure to review these rules for nearly
thirty years. [Environmental Integrity Project et al. v. McCarthy, No. 1:16-cv-00842]

DECEMBER 2016

Court Approves Settlement, EPA Must
Review O&G RCRA D Waste Rules

The U.S. District Court for the District of Columbia approved a consent decree requiring EPA to
review, and “if necessary” revise, oil and gas waste rules under RCRA Subtitle D. The Plaintiffs,
Environmental Integrity Project, NRDC, Earthworks and others, recommended that EPA address
earthquakes related to underground injection of waste, ban the spreading of waste on roads, and
require landfills and pits to be built with adequate liners and structural integrity to prevent spills
and leaks into groundwater and streams. EPA has until March 15, 2019 to decide whether oil and
gas waste rules need updating.

MARCH 15
2019

EPA’s Deadline for Deciding
Whether It Will Revise O&G
Waste Rules Under RCRA
Subtitle D

OCTOBER 2002
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To be continued! Stay tuned on the latest from Earthworks
about closing this dangerous loophole at Earthworks.org.
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4

—Pivotal Challenges

States neither established the regulations and policies nor dedicated the oversight and enforcement
resources needed to protect the environment and human health before proceeding with a rapid
expansion of drilling in the early 2000’s. As a result, states are still struggling to catch up with evergrowing volumes of both liquid and solid waste. To make matters worse, recent research shows that
flowback and produced water volumes alone have increased by up to 1,440% 118 between 2011 – 2016.
States are faced with several pivotal challenges to waste management, detailed below, from identifying
the content and contamination potential of waste to addressing the limitations of current storage and
disposal practices. But with current research and documentation in hand, regulators and policymakers
on both the state and federal levels have ample opportunities to face and reduce the significant
problems related to oil and gas waste and the associated risks to human health and the environment:
•

Radioactivity: Types, Testing, Detection and Exposure

•

Storage: Pits, Impoundments and Tanks

•

Disposal: Underground Injection, Centralized Wastewater
Treatment and Landfills

•

Repurposing: Road Spreading, Land Application and Commercial
Byproducts

Radioactivity
Many of the contaminants in oil and gas field waste have not yet been identified, while the risks of
others are only partially understood. This is not the case with radioactive elements, which are
indisputably present in shale formations and are known to increase the risk of developing several types
of cancer.
Two of these radioactive elements are Radium-226 and Radium-228, decay products of uranium and
thorium that can be soluble in water or settle out and stick to materials like clay or rock. Because they
have long half-lives (about 1,600 and 5.75 years, respectively), they can persist in the environmental
and accumulate gradually over time. 119
More vigorously debated is the level of radioactivity that exists in oil and gas waste and, in turn, how
the waste should be managed to protect workers and residents from exposure or natural systems from
contamination. This longstanding question has become more focused as drilling expands, in particular
with development of the Marcellus Shale—which has been found to contain considerably higher levels
of radioactivity than many other formations. 120 The even deeper Utica Shale is also understood to be
enriched with radioactive materials, although this aspect of the formation has not been well studied.
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Levels of radioactivity can vary across shale formations in the U.S. depending on depth and
concentration. Oil and gas development is known to bring radioactivity to the surface through produced
water, drill cuttings, and drilling muds, and can also result in radioactive deposits in sludges and scale
that accumulate on pipes and equipment. 121
The potentially high levels of radioactivity in drilling waste have been primarily documented with regard
to produced water and flowback. 122 According to a 2011 review of sampling data by the U.S. Geological
Survey, the median total radium activity for produced water from the Marcellus Shale in the
Northeastern U.S. was 2,460 picocuries per liter (piC/L), compared to 1,011 piC/L for the non-shale
samples; for comparison, the federal total radium limit for industrial effluent is 60 picocuries per liter
(pCi/L) and the drinking water limit is 5 pCi/L of combined radium (Ra-226 and Ra-228). 123
Investigations have found that treatment plants servicing oil and gas operators are often unable to
remove radium and other contaminants (such as barium and strontium), likely because of the high
salinity of the wastewater. 124

A) Types of Radioactivity: NORM vs. TENORM
Radioactivity in oil and gas waste is defined by an array of federal and state agencies as either NORM or
TENORM. Generally, naturally occurring radioactive material (NORM) wastes are those that contain
radioactivity at concentrations considered to be
“background,” or a natural state. Technologically
enhanced naturally occurring radioactive material
(TENORM) wastes are, generally, those in which the
radioactivity has become concentrated because of
human activities. However, precise definitions of NORM
and TENORM vary from state to state, as do the rules for
handling these wastes. Colorado, New Mexico and Texas
have some of the clearest state policies for managing
radioactive oil and gas waste, while New York and West
Virginia have some of the worst.

STILL WASTING AWAY
earthworks.org/still-wasting-away

33

RADIOACTIVE OIL & GAS
WASTE POLICY
Does the state specifically regulate the
disposal of oil & gas wastes containing
NORM or TENORM?

OH

Y

PA

Y

NY

N

WV

N

TX

Y

CO

Y

ND

Y

NM

Y

Y

Does the state set TENORM disposal
limits for oil and gas waste?

Y

N

N

Does the state law define TENORM?

Y

Y

Does the state law define NORM?

Y

WORKER SAFETY: Does the state protect
workers from oil and gas waste
NORM/TENORM specifically?

CA

Y
Y

N

as
NORM

Y

Y

Y

per
Facility

Y

Y

N

Y

Y

N

N

Y

Y

N

Y

Y

N

Y

N

N

N

N

N

Y

Y

N

Y

N

PUBLIC SAFETY: Does the state protect
the public from oil and gas waste
NORM/TENORM specifically?

N

N

N

N

N

Y

N

Y

N

Does the state include produced water
in the regulation of NORM or TENORM?

N

N

N

N

Y

N

N

Y

N

Does the state include drill cuttings in
the regulation of NORM or TENORM?

N

N

N

N

N

N

N

N

N

Does the state include sludge in the
regulations of NORM or TENORM?

N

Y

N

N

Y

Y

Y

Y

N

Does the state include scale in the
regulation of NORM or TENORM?

Y

N

N

N

Y

Y

Y

Y

N

Does the state include contaminated
equipment in the regulation of NORM or
TENORM?

Y

Y

N

Y

Y

Y

Y

Y

N

Does the state prohibit the disposal of
TENORM/NORM in rules that are
applicable to the entire state?

N

N

Y

N

Y

N

Y

N

N

Questions adapted from LawAtlas.org;
answers updated to March 2019 by
Earthworks.

Colorado, New Mexico and Texas have some of the clearest state policies
for managing radioactive oil and gas waste, while New York and West
Virginia have some of the worst.

Before the accumulation of TENORM in oil production equipment was understood, contaminated
materials were used in steel products like load-supporting beams in house construction, plumbing for
culinary water, fencing materials, awning supports, and even practice welding material for class
rooms. 125
Today, the EPA defines NORM as materials that are “undisturbed,” and TENORM as “materials that have
been concentrated or exposed to the accessible environment as a result of human activities.” 126
Meanwhile, STRONGER does not distinguish between NORM and TENORM, instead defining both as
materials “whose radionuclide concentrations have been enhanced by human activities.” 127 In
Pennsylvania and Texas, TENORM and NORM have separate definitions, yet in New York and West
Virginia, there are no legal definitions for NORM. In North Dakota, NORM is defined as any waste over
5 piC/g of radioactivity and cannot be disposed of in state, so oil and gas NORM waste must be shipped
to other states like Colorado, Idaho and Texas. 128
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The inconsistency in regulation and management of radioactive oil and gas
waste puts the public and environment at risk in several ways, from poor
identification and testing to movement of these hazardous materials across
state borders into communities where fewer protective laws are in place.
EPA regulates TENORM from some sources, but the management of oil and gas waste that may be
classified as TENORM is largely left up to the states. In the absence of clear federal standards, states
can choose to define waste products in ways that support industry rather than protect public health.
For example, states also set their own limits for landfills that accept waste containing radium, which
may be many times higher than the federal standards that do exist.
In addition, there is no federal requirement to test radionuclide concentrations in solid waste prior to
disposal. 129 Despite the prevalence of carcinogenic Radium-226 and Radium-228 in Marcellus and Utica
waste, none of the states in the Marcellus and Utica Shale region have consistent requirements for the
testing of these radionuclides in oil and gas field waste prior to treatment and disposal:
•

New York excludes NORM from regulations requiring specialized disposal and discharge of
radioactive material, unless it is “processed and concentrated.” 130 Any waste going into a
landfill must have a minimum of 20 percent solid content; although drill cuttings often have to
be dewatered and bulked with other material to meet this standard, the state does not
consider this as fitting the definition of “processed or concentrated.” 131 As a result, state laws
governing the disposal of low-level radioactive waste do not apply to drill cuttings. In 2017,
New York added TENORM to updated regulations and defines it as “naturally occurring
radioactive material whose radionuclide concentrations are increased by or as a result of past
or present human practices, such as manufacturing or water processing.” 132

•

Regulatory agencies in Ohio prohibit operators from disposing of TENORM waste at well sites
and disposal facilities can only accept wastes that have concentrations at less than 5 pCi/g
above background levels—although this requirement does not apply to wastes that ODNR
defines as NORM. 133 Ohio’s regulatory agencies have done little testing of oil and gas field
wastes to determine their radioactivity content, particularly with regard to the Utica Shale.
However, in 2012, the Ohio Department of Health sampled muds from horizontal wells and
found they contained concentrations of Ra-228 at almost 20 times and Ra-226 at more than 40
times the federal limit for combined radium in subsurface soil. 134 Ohio’s TENORM testing
requirements don’t apply to “earthen material” resulting from the drilling process or to brine,
both of which are classified as NORM; an exception to this “brine” rule is recycled flowback,
which is considered TENORM. 135 In 2013, HB59 specifically excluded drill cuttings from the
definition of TENORM. 136 Yet the state’s legal definition of drill cuttings acknowledges that they
“may include a de minimus amount of fluid that results from a drilling process.”137 This implies
that drill cuttings (as well as other wastes such as drilling muds) may contain fluids that, if
contained in any other type of waste, would qualify as “technologically enhanced” and trigger
TENORM testing protocols. OEPA makes clear that landfills taking drilling muds and fracturing
sand have to ensure that loads don’t exceed 5pCi/g above background levels for combined Ra226 and Ra-228. 138 However, since drill cuttings in Ohio are by definition NORM, they are not
subject to requirements that solid waste facilities test for Ra-226 and Ra-228. 139

•

West Virginia addresses TENORM in the state’s radiation requirements as materials “whose
concentrations are increased by or as a result of past or present human practices,” but excludes
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the “natural radioactivity of rocks and soil” from the definition. 140 According to WVDEP, the
state’s definitions of TENORM or NORM are not being used in the management of drilling
waste, although it is possible that the state would eventually develop regulations to do so. 141
•

Unlike the other states in the region, Pennsylvania does not distinguish between NORM and
TENORM with regard to drill cuttings or other types of waste, stating that, “Since naturally
occurring radioactive material is brought to the surface during drilling, the wastes are classified
as TENORM.” 142

B) Testing and Characterizing Waste
In order to properly manage oil and gas waste, one must first know what it contains. A 2014 study on
environmental risks related to Marcellus Shale gas concluded that, “little is known about the risks
associated with the solid wastes from hydraulic fracturing in the Marcellus…Characterization of their
inorganic, organic, and radioactive contaminants is, at present, incomplete. A systematic study,
including worker, environmental, and community risks, is needed.” 143
Subtitle D of RCRA (from which the oil and gas industry is not exempt) establishes certain minimum
design and operating criteria for solid waste landfills nationwide. 144 But even though these criteria exist
as ‘words on paper,’ states are not required to employ or enforced them. 145

Instead, it appears that states leave it up to oil and gas operators and waste
disposal facilities to define the type of waste they receive and determine the
degree to which it may contain toxic substances.
In most states, waste characterization forms are used by generators of waste to document the type of
waste generated and where it ends up. However, these forms allow for only basic descriptions and few
require an operator to submit actual laboratory analysis of the content of the waste. In addition,
operators are not required to provide sampling data for waste from every well or well site, but may be
approved to use a single sample result to cover many loads or tons of waste from different locations
over the course of several months or more.
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For example, Pennsylvania requires generators of residual wastes to complete a chemical analysis form
that has to be submitted annually to PADEP; it allows for a general description of the physical
appearance of waste, but also requires documentation of chemical analysis using EPA methods,
including specific constituents of Marcellus Shale wastewater. 146 However, regulations allow
generators of waste to provide certification that the properties of the waste and how they were
generated haven’t changed from the previous year, in lieu of having to actually conduct a new
analysis. 147

Waste truck at a drilling site in Pennsylvania. Photo by Iris Marie Bloom.

Meanwhile, in New York, waste haulers have only been required to submit documentation to the state
since May 2018, despite the state importing oil and gas fracking waste from Pennsylvania since at least
2011. Though this new “non-exempt Drilling and Production Waste Tracking Document” accounts for
the volume of waste disposed, it does not specify the type of waste or include any chemical analysis.
What’s worse – as of January 2019, the New York Department of Environmental Conservation still “had
not received any drilling or production waste tracking documents to date.” 148

The lack of consistent, binding protocols for the testing of the chemical constituents of raw and
solidified waste prior to disposal could prove problematic for landfills and places soil and water
quality in question. As long as comprehensive chemical testing is not required, and landfills instead
rely on such factors as appearance and the general opinions or declarations of waste generators in order
to determine how waste should be managed and disposed, the actual content of waste and its potential
impacts will remain largely unknown.
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C) Detecting Radioactivity
A 2015 report on TENORM in drilling wastes by Pennsylvania Department of Environmental Protection
(PA DEP) stated, “Because landfills accept natural gas industry wastes such as drill cuttings and
treatment sludge that may contain TENORM, there is a potential for leachate from those facilities to
also contain TENORM.” In a review of data from two landfills in West Virginia that take large volumes
of drill cuttings, Downstream Strategies found that leachate frequently contained concentrations of
Radium-226 and Radium-228 that exceeded the federal Maximum Contaminant Level (MCL).
However, wastewater treatment plants where landfill leachate is sent for disposal do not generally
monitor for Radium-226 and Radium-228 prior to release into rivers and streams because federal
National Pollutant Discharge Elimination System (NPDES) permits don’t require them to. Nor is radium
on the federal list of substances that landfills are required to test for as part of routine groundwater
monitoring.
The data contained in the PA DEP report indicated significant levels of radioactivity associated with gas
field waste management, including:
•

Samples of produced water from unconventional well sites had concentrations of Radium-226
more than 20 times as high and Radium-228 more than three times as high as those from
conventional well sites. Samples of horizontal drill cuttings had Ra-226 levels nearly twice as
high as samples of vertical cuttings.

•

Surface radioactivity on equipment used to handle and store wastewater was measured above
safety guidelines; this level could increase as equipment is reused and pose a risk to the
surrounding environment.

•

Flowback samples had Radium-226 concentrations about 100-5,000 times higher than the EPA
drinking water standard for combined radium (551-25,500 pCi/L); concentrations of Radium228 were 50-350 times as high (248-1,740 pCi/L).

•

Samples of produced water had Radium-226 concentrations 8-5,300 times higher than the EPA
drinking water standard for combined radium (40-26,600 pCi/L); Radium-228 concentrations
were 5-380 times as high (26-1,900 pCi/L).

•

Radiation levels in filter cakes were many times higher than typical background concentrations
in soil at publicly owned treatment works (POTWs), centralized/industrial wastewater
treatment (CWT) plants, and zero liquid discharge (ZLD) plants that accept Marcellus Shale
wastewater.

With regard to the last point, the high concentration of radiation in filter cakes indicates filtration
systems are working; however, it also underscores the inherent challenges of ultimately disposing of
the waste. In addition, the oil and gas industry has touted technologies such as ZLD plants as a solution
to the problem of water recovery, as they remove solids from wastewater and process it for reuse in
operations. Notably, the PA DEP study found that about 30% of measurements of surface radioactivity
at ZLDs and 24-60% of such measurements at CWTs exceeded federal guidelines; the study report
concluded that workers and members of the public may be exposed to surface radioactivity at both
types of plants.
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The PA DEP study used various methods to sample and test waste and facilities. Yet it is very clear that
in the course of daily operations, waste facilities themselves do not conduct comprehensive testing for
radiation.
Pennsylvania is among the list of states that require radiation detectors at the entrances of landfill
facilities, however waste facilities and regulatory agencies may not always use the appropriate testing
methods to detect radiation. Gamma radiation is used to measure Radium-226 and Radium-228 in
waste samples, but it can take 21 days in the laboratory for it to emerge, as they emit alpha and beta
radiation much more strongly. As a result, if waste samples used by operators and facilities to obtain
permits and by regulators for monitoring purposes are not correctly analyzed, radiation concentrations
in both waste and landfill leachate—and in turn the potential risks posed to health and the
environment—may be underestimated.
Similarly, the radioactivity content of Marcellus Shale wastewater may be underestimated because of
the use of inappropriate testing methods. A recent study points out that regulatory agencies (including
PADEP and NYDEC) rely on EPA methods for testing radium in drinking water—but drilling wastewater
has a much higher concentration of salts and organic materials, which can confound the methods to
detect radium in the lab and to remove it in treatment plants. 149

D) Exposure and Handling
The public can be exposed to radioactive oil and gas waste via several exposure pathways.
•

WASTEWATER “BRINE” ON ROADS – In at least 13 states across the country, oil and gas
wastewater is spread on roads for dust and ice control. According to a recent study at Penn
State University, the practice concluded: “Release of a known carcinogen (e.g., radium) from
roads treated with O&G wastewaters has been largely ignored. In Pennsylvania from 2008 to
2014, spreading O&G wastewater on roads released over 4 times more radium to the
environment (320 millicuries) than O&G wastewater treatment facilities and 200 times more
radium than spill events.” 150

•

DISCHARGE TO WATERWAYS – Researchers have found accumulations of radium up to 650
times higher in river sediments where treated conventional oil and gas wastewater is
discharged than the levels detected at sampling locations directly upstream. According to a
Duke University study released in January 2018, even though “conventional oil and gas
wastewater is treated to reduce its radium content,” this has not prevented “high levels of
radioactive build-up in the stream sediments” over time. 151

•

LANDFILLS, PITS and SPREADING – Wherever radioactive waste is buried or spread, rainwater
can leach toxins into the surrounding landscape, including groundwater. In many oil and gas
states, waste can buried on site or spread over land with minimal testing that generally does
not include radioactive materials. In Texas, for example, drilling muds and cuttings can be
buried onsite, with landowner consent, if chloride concentrations are 3,000 mg/L or less. 152 As
part of its 2018 fiscal plan, EPA (SHC) is evaluating the performance of containment systems at
hazardous waste landfills nation-wide per Subtitle C of RCRA. Due to the industry’s exemption,
it appears landfills for radioactive waste from oil and gas operations will not be included in the
study. 153
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•

PIPE SCALE – Pipes used in oil and gas fields collect radioactive scale that can become airborne
during pipe cleaning. Without proper safety gear, workers can be exposed by breathing, eating,
drinking and standing near contaminated pipes and other equipment.

Storage and Burial
A) Pits and Impoundments
For decades, oil and gas operators nationwide have relied on
open pits to store waste at well sites until it evaporates or can
be trucked away for disposal. This practice has caused water
and air contamination in several states. In 2016, Pennsylvania
enacted restrictions for waste pits due to groundwater
contamination and other pollution resulting from leaking and
overflowing impoundments. But in other states, like California,
waste pits are still the norm. In fact, the number of waste pits
in California grew from 630 in 2014 to 1165 by February 2016.
According to a report by Clean Water Action, 68.9% (803) of all Drilling waste being dumped at a landfill in
Pennsylvania. Photo by David Walczak.
pits in California either don’t have a permit or have a permit
that was issued prior to implementation of new local standards. 154
Between 1996 and 2002, the U.S. Environmental Protection Agency (EPA) in Wyoming, Utah, Colorado,
Montana, South Dakota and north Dakota conducted 475 field inspections at sites having one or more
production pits or commercial facilities using disposal pits. Problems were found at 290 (more than
60%) of the sites. 155 Issues of concern included:
•

Ongoing discharges to surface and groundwater were documented at 22% of the sites
inspected, and those discharges were unpermitted at 35 of those sites (34% of the sites with
ongoing discharges observed).

•

Leaks and spills were observed from equipment, and secondary containment for oil storage
tanks was inadequate or non-existent at many sites.

•

Pits were improperly designed, located, and operated (including exposed oil on pits)

•

Half of the pits observed were either entirely or partially covered in oil. In EPA's view, the
number of sites with exposed oil on pits and bird mortality was higher than expected given that
advance notice of inspections was provided to site operators.

•

There were ineffective or non-existent wildlife exclusion devices at the sites.

In 2006, U.S. Fish and Wildlife reported that between 1992 to 2005, a minimum of 2060 individual birds
were identified from remains recovered from oil pits,” and that “92 percent of identified bird remains
belonged to protected species.” 156
As waste volumes grow and drilling expands into more populated areas, the concerns about soil and
groundwater pollution from waste pits, along with complaints about odors and air contaminants,
continue to increase as well.
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The record of such problems includes:
•

A document published by New Mexico Oil Conservation Division in 2008 revealed 369 cases of
groundwater contamination from waste pits. 157 The findings led to a ban on the use of pits in
2009, but the industry pushed back hard enough to win back the use of some pits in 2013. 158

•

In 2011, a comprehensive investigation of groundwater contamination from oil and gas
development in Ohio found that improper construction or maintenance of production pits was
the primary cause, accounting for nearly 44% (63) of all documented contamination
incidents. 159

•

A 2012 study commissioned by the West Virginia DEP found that without adequate standards
and oversight, impoundments and pits can be improperly constructed and built larger than
allowed in their permits, in turn raising concerns about their stability and safety “due to
unknown storage volumes and stresses on the foundation, slopes, and geomembrane liner
systems.” 160

•

A 2010 Pennsylvania DEP study identified 17 Volatile Organic Compounds in the air near a
centralized waste impoundment and concluded that several of the contaminants were likely
related to Marcellus shale gas activities. 161

•

In 2014, researchers in West Virginia launched a focused study of air emissions at waste storage
and disposal sites, the first nationwide. 162

•

In 2014, PA DEP and Range Resources reached a settlement over several violations of five state
laws, following investigations into soil and groundwater contamination at eight centralized
waste impoundments in Washington County (for which the driller was fined a record $4.15
million). 163

These trends have led Earthworks and its partners to call for a prohibition of open-air pits and
impoundments and their mandated replacement with closed-loop tank systems. 164 Such systems would
help prevent spills, contain volatile materials and wastes, prevent the death of migratory birds, and
capture vapors; they can also be more efficient, eliminating the need for hundreds of truck trips to
move waste away from well sites and enabling the transfer of contained waste directly to a processing
facility.
Some oil and gas industry trade groups are on record requesting that operators use “best management
practices” (BMPs) related to waste storage and processing. The Marcellus Shale Coalition urges
operators to consider “[u]sing ‘closed loop’ fluids management systems (i.e., eliminating the need for
lined earthen pits at the drilling site) where practicable.”165 The American Petroleum Institute states:
“Consideration should be given to the use of tanks or lined pits to protect
soil and groundwater, especially for brines and oil-based fluids.” 166 The
Center for Sustainable Shale Development states that operators “shall
contain drilling fluid and flowback water in a closed loop system at the
well pad, eliminating the use of pits for all wells.” 167
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Types of Pits
PRODUCTION PITS
Used to temporarily store solid waste (such as drill cuttings), sludges (such as drilling mud and used
fracturing sand), and liquid waste (such as produced water and fracturing fluids) generated during
drilling and fracturing activities, production or reserve pits are located at well sites and are either dug
directly into the earth or constructed above ground with embankments.

Production pits at a gas well site in Pennsylvania. Photo by PADEP.

Production pits are often included in well permits, so operators do not have to submit information
about their construction and use. A significant concern with production pits is their burial onsite, a
step frequently taken at the end of drilling operations as part of site reclamation. However, most
regulatory agencies don’t specifically track or require operators to report the number and location of
buried pits, in effect allowing this method of waste disposal to occur with little oversight. As a result, it
is nearly impossible for the public to find out if waste was left behind by drillers—or how close to
houses or farm fields—and, in turn, whether a buried pit is the cause of water or soil pollution that
does occur. Even though it seems obvious that waste should not be buried near a water source, it is
often done anyway.
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CASE STUDY

Buried Pit not Disclosed to Landowner with Contaminated Drinking Water
In 2010, after being told by her doctor to stop drinking her water, a Pennsylvania resident found
out there were oil and gas waste contaminants in her water well, including arsenic, radon, and
manganese.
An investigation by the nonprofit Public Herald
found that a waste pit had been illegally buried
by the oil and gas operator despite PA DEP
denying the company’s request due to the pit’s
proximity to the resident’s water supply.
Instead of requiring the pit to be removed, DEP
let the pit stay buried and never told the
resident about the buried waste. 168
After her doctor found high levels of arsenic in
her blood, Judy was told to stop using her
water for drinking, cooking, and bathing.
“What am I supposed to do,” Judy stated in the
documentary film Triple Divide, which
highlighted the cover up of drinking water
contamination related to oil and gas
operations across Pennsylvania.

Judy Eckert’s water supply tested positive for
contaminants related to oil and gas drilling
waste. PA DEP allowed an illegal waste pit to
remain buried 450 feet from her private water
well. Photo by Public Herald.

The oil and gas company, Guardian
Exploration, brought Judy bottled water for
over a year, but never claimed responsibility
for contaminating her water by burying its waste too close to her water well. Pennsylvania DEP let
the company off the hook, as well, since Judy didn’t inform the Department about her water
problems within six months of the company’s fracking operation. A couple years later, state
legislators updated oil and gas laws to include a “presumption of liability” for water complaints
within 12 months of an operation. However, no one ever revisited Judy’s case, which is still listed
as “non-impact” in the state’s water supply complaint records.

States do not have protocols in place to monitor whether or not buried pits remain stable and
impermeable over time. An additional concern is the potentially hazardous nature of used pit liners; in
2010, EPA stated that pit liners are non-exempt RCRA waste, which means that they could meet the
definition of hazardous and would need to be disposed of accordingly. 169
Pennsylvania established regulations to guide pit burial, but reviews of well files conducted by
Earthworks and partner organizations found no evidence that PADEP inspectors ensure that they are
followed, such as by being present during the process (e.g., to ensure that liners don’t tear and waste
isn’t placed closer to streams or water wells than regulations allow). 170
PADEP has not always required operators to perform chemical analysis of waste prior to burial, despite
regulatory limits on the chemical content of the leachate coming from pits. 171 In 2016, Pennsylvania
updated its regulations for oil and gas surface activities, which disallowed the onsite burial of waste pits
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for the unconventional, or fracking, operators (Chapter 78a) but allows conventional drillers use and
bury pits of drill cuttings at the well site without the need for a permit.

IMPOUNDMENTS
Impoundments pose the same risks to water, air, and soil that production pits do—except on an even
larger scale. Impoundments are generally used to store either freshwater for hydraulic fracturing or
waste fluids and may be constructed to service nearby wells or to support operations across a wide
geographic area.
The capacity of impoundments varies with their size and depth, but some can store tens of millions of
gallons of fluids. The largest impoundments are centralized waste storage facilities that service multiple
well sites. Their use may also shift over time; for example, while initially permitted as a site-specific
facility, Range Resources’ Carter Impoundment in Washington County, Pennsylvania became the
destination for contaminated waste from over 190 wells in a dozen townships. 172
States do not maintain publicly available data on the number, size, and use of impoundments. In
2014, SkyTruth used a combination of satellite imagery and verified information submitted by residents
to develop this information. The organization concluded that in 2013, there were at least 529 large pits
and impoundments in Pennsylvania, more than twice as many as in 2008; current ones are now on
average more than seven times the previous average size, growing from about 1,000 square meters
(about 1/4 acre) to over 7,500 (nearly two acres). 173

B) Tanks
Perhaps due to the increase in high profile contamination events from leaking pits and impoundments,
more operators are storing their waste in above-ground tanks. While this is certainly a better practice
than storing waste in pits lined with plastic, the reality is that tanks leak, overflow and corrode resulting
in spills as well. Some states require “secondary containment” around tanks that includes earthen
barriers and synthetic liners, but even then, pollution still occurs. An Earthworks analysis of violation
data from Pennsylvania revealed dozens of tank-related pollution events every year between 2011 and
2018, including:
•

Discharges of wastewater “brine” from corroded tanks

•

Uncontrolled releases from tanks holding flowback from fracking

•

Spills of liquid waste from overflowing storage tanks and secondary containment

•

Leaks from faulty tank pipes and valves

•

Contamination due to improper construction of tanks and containments174

In Pennsylvania, operators can apply for “tank farm” permits that allow for the storage of millions of
gallons of toxic wastewater in one place for years at a time. These tank facilities are used to hold waste
for reuse in fracking operations, which is a positive trend for the industry. However, the spills associated
with onsite storage are very real. For example, a single company (JKLM Energy) operating in just one
county in Pennsylvania (Potter County) was issued two “tank farm” permits in March 2019 despite
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receiving several violations for spills on the same frack pads where the tank farms were permitted by
PA DEP:
•

Nov. 2017 – Waste fluid spills,
threatening pollution of waters of
Commonwealth

•

July 2018 – Spill of a substance
threatening water pollution & failure
to properly report

•

Dec. 2017 – Frack fluid spills,
threatening pollution of waters of
Commonwealth

•

August 2018 – Failure to contain
residual waste & pollution (again) of
the watershed

•

Feb. 2018 – Another frack fluid spill &
failure to notify regulators, water
pollution

•

Sept. 2018 – Failure to remove spilled
substances

•

•

June 2018 – Failure to properly handle
waste to prevent water pollution

•

June 2018 (two weeks later, another
waste spill) – Failure to properly report
pollution incident

Sept. 2018 (two weeks later) – Spills
from improper storage and
management of waste, new violations
for outstanding prior spills

•

October 2018 – Pollution to waters of
the Commonwealth & failure to
contain drilling or fracking fluids

JKLM Energy accrued 105 violations to between April 2015 and January 2019, but only 20 enforcements,
for drinking water contamination, pollution due to wastewater spills, and more. Like most oil and gas
states, Pennsylvania does not have a “bad actor” policy to penalize companies that repeatedly violate
the law. Instead, companies like JKLM Energy are allowed to repeatedly pollute, spill and contaminate
but still get issued permits for more fracking, increased waste production, and facilities like tank farms
that hold millions of gallons of toxic waste. In Smithfield Township, Bradford County, Pa., residents
appealed a permit that allowed a fracking company to keep “756,000 gallons of oil and gas liquid waste
in tanks for six years on a tract of land owned by Lamb’s Farm Storage.” 175 Residents were unwilling to
assume any risk of leaks at the tank farm, which is upgradient from a pond where children swim and in
the groundwater zone for residential drinking water wells.

Drilling waste storage on a “tank farm” in Smithfield Township, Pennsylvania. Photo by Joshua Pribanic.
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Wastewater Disposal
“Centralized waste treatment facilities accepting oil and gas extraction (O&G) wastewaters can
release pollutants into the environment that impact aquatic ecosystems and human health.”
– United States Environmental Protection Agency, 2018 176

According to Environmental Defense Fund, the oil and gas industry produces over 800 billion gallons of
wastewater annually. 177 That’s enough to fill over 12,116 Olympic-size swimming pools every year.
Historically, oil and gas operators have taken the bulk of their wastewater to underground injection
wells for disposal. But with the advent of high-volume hydraulic fracturing, ever-increasing volumes of
wastewater have overwhelmed injection wells, compromised their structural integrity, and wastewater
injection has been linked to earthquakes in places like Ohio, Texas,
Colorado, New Mexico and Oklahoma.
If companies can’t inject wastewater underground, where is it
supposed to go?

800 billion gallons of
wastewater annually
is enough to fill over
12,116 Olympic-size
swimming pools every
year.

In most drilling states, many types of industrial wastewater can be
processed or diluted and then dumped into rivers. Federal and state
laws impose some limits on how much pollution can be discharged to
water bodies, and under the Clean Water Act (40 CFR Part 435), the
direct discharge of oil and gas wastewater from fracking operations to
water bodies is prohibited. However, the portion of the Clean Water
Act that pertains to oil and gas, Part 435, only prohibits direct discharges of fracking wastewater to
waterways – it says nothing of indirect discharges. Using this loophole, industry began taking its waste
to other facilities for discharge, centralized wastewater treatment (CWT) facilities and publicly-owned
sewage treatment plants. 178 This practice “severely impaired” aquatic life downstream from a discharge
facility in Warren, Pennsylvania. 179
Unusually high levels of cancer-causing trihalomethanes (THMs) were also discovered by the Pittsburgh
Water and Sewer Authority and traced back to wastewater effluent discharges upstream.. 180 EPA
internal memos described this pollution, resulting from improper oil and gas waste disposal, as “one of
the largest failures in U.S. history to supply clean drinking water to the public.”181

Due to these and other pollution cases, the Pennsylvania Department of Environmental Protection
(DEP) asked unconventional oil and gas operators in April 2011 to voluntarily stop taking their liquid
waste to discharge facilities. But the lack of an outright prohibition led to uncertainty about which
facilities continued taking unconventional (fracking) oil and gas waste since there was no enforceable
regulation. 182
Several years later, in 2016, EPA updated its Oil and Gas Extraction Effluent Guidelines to officially
prohibit unconventional oil and gas wastewater from being treated at publicly-owned treatment works
(POTWs). 183 However, the guidelines failed to explicitly prohibit oil and gas companies from taking their
waste to privately-owned centralized wastewater treatment (CWT) facilities, which can then divert the
processed waste to POTWs with whom they have agreements. Herein lies yet another loophole that
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allows for indirect discharge of unconventional oil and gas wastewater effluent. The accountability gap
widened even further when EPA, due to a legal challenge from the industry, extended the deadline to
comply with the Effluent Guidelines for certain facilities to August 29, 2019.
EPA’s updated effluent standard also fails to prohibit facilities from accepting and discharging waste
from conventional oil and gas operators, which often contains the same toxic and hazardous substances
as unconventional waste.

Aerial imagery of Fairmont Brine Facility in Fairmont, WV. Source: EPA’s May 2018 CWT study.

In May 2018, the EPA released a study of CWT facilities accepting and discharging oil and gas wastewater
across the U.S. 184 In this study, the agency identified three ways oil and gas waste pollutants can reach
the environment:
1) Through effluent discharging to surface waters either directly from a CWT facility or indirectly
from publicly owned treatment works (POTWs) accepting CWT effluent,
2) During managed use of wastewater, such as irrigation,
3) By releases from storage impoundments and spills.
Despite recognizing the risks that effluent discharges pose to the environment, EPA announced a new
“holistic study” the very same month, the purpose of which is to examine “whether any potential federal
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regulations may allow for broader discharge of treated [oil and gas] produced water to surface
waters...” 185 About two months later, in July 2018, EPA entered into a Memorandum of Understanding
with the State of New Mexico to explore the treatment of “wastewater from oil and natural gas
extraction for re-introduction into the hydrologic cycle” for uses such as crop irrigation, livestock
watering, and even drinking water. 186
It appears the EPA is positioning itself to roll back 2016 protections by allowing even more discharge
of wastewater effluent to water bodies and encouraging the reuse of the liquid for other purposes,
such as irrigation and livestock watering. However, as EPA reports in its CWT study, even ‘the best
of the best’ available technology comes with a host of issues that can threaten human health and
the environment.

A) Centralized Treatment Major Concerns
Major concerns exist with regard to the treatment of oil and gas waste at centralized treatment facilities
that discharge to water bodies or provide for its reuse in land or road applications:

TESTING PARAMETERS DO NOT COVER KEY CONTAMINANTS
•

As noted by the EPA in its May 2018 study of CWT facilities, the “pollutants present in and
characteristics of oil and gas extraction wastes can vary greatly” based on the geologic
formation drilled, the type of drilling and stimulation methods, and the types and quantities of
additives used.

•

Although CWTs that discharge wastewater effluent into rivers or streams are required to obtain
a federal National Pollution Discharge Elimination System (NPDES) permit and any applicable
state permits, which require sampling of waste before discharge to water bodies, testing
parameters under these permits only partially correspond with the actual contaminants in
oil and gas waste. Current federal regulations do not require CWTs to test for key oil and gas
contaminants, such as drilling and fracking chemicals, barium, strontium, bromide, gross alpha,
gross beta, radium 226 and radium 228, total dissolved solids (TDS), and chlorides. 187

•

The fact that oil and gas operators are exempt from federal law from having to disclose
“proprietary” chemicals used in hydraulic fracturing only further complicates the issue;
regulators cannot require sampling and facilities cannot test for what they don’t know may be
present. Even for known chemicals, there is a lack of toxicology data available. In 2016, for
example, researchers at Yale University reported that an analysis of 1021 chemicals identified
in hydraulic-fracturing fluids, oil and gas wastewater, or both found “toxicity information was
lacking for 781 (76%) chemicals.” 188

TECHNLOGY DOES NOT REMOVE ALL CONTAMINANTS
•

The EPA has outlined inadequate oil and gas waste treatment methods at some CWT
operations and reported that “direct discharges of treated wastewater effluent from CWT
facilities accepting O&G wastewater have caused environmental impacts, particularly on water
quality, drinking water, and aquatic health.” 189
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•

A 2013 academic study found that effluent discharges from a CWT in western Pennsylvania
“increased downstream concentrations of chloride and bromide above background levels.” 190
Although barium and radium were substantially reduced during the treatment process, radium
226 levels “at the point of discharge were ~200 times greater than upstream and background
sediments (22-44 Bq/kg) and above radioactive waste disposal threshold regulations, posing
potential environmental risks of radium bioaccumulation in localized areas of shale gas
wastewater disposal.”

•

Radium 226 has a half-life of 1,600 years, so even if technology can remove nearly all of the
radioactive element, “over time even a small amount of radium being discharged into a stream
accumulates to generate high radioactivity in the stream sediments.” 191

•

A 2014 study by researchers at Duke University found that oil and gas wastewater effluent
discharged into streams and rivers after treatment in Pennsylvania, and also spilled in West
Virginia, contained high levels of ammonium and iodide, which can be toxic to aquatic life and
form by-products in drinking water that are toxic to humans. 192

CONVENTIONAL OIL & GAS EFFLUENT
•

EPA’s “zero discharge” of oil and gas waste to POTWs rule only applies to unconventional
operators and continues to allow waste from conventional oil and gas companies to be treated
and discharged from facilities that are seldom equipped to handle all known contaminants.

•

According to a Duke University study released in January 2018, even though “conventional oil
and gas wastewater is treated to reduce its radium content” at CWT facilities, this has not
prevented “high levels of radioactive build-up in the stream sediments” over time. 193
Researchers found accumulations of radium up to 650 times higher in river sediments
downstream from locations where treated conventional oil and gas wastewater has been
discharged than the levels detected at sampling locations directly upstream.

•

The researchers concluded: “While restricting the disposal of fracking fluids to the environment
was important, it’s not enough...Conventional oil and gas wastewaters also contain
radioactivity, and their disposal to the environment must be stopped, too.”

COMMUNITY IMPACTS
•

CWT facilities require the transport of toxic, radioactive, potentially hazardous waste through
and into communities, creating heavy truck traffic, air emissions, potential drinking water
impacts, and the risk of pollution from spills and other releases. According to a fact sheet
prepared for FreshWater Accountability Project of Ohio, and cited in EPA’s 2018 study, “the
likelihood of spills during transportation increases as the volume of wastewater and number of
trips increases.” 194 The likelihood of traffic and pedestrian accidents increases as well.

•

The discharge of effluent into water bodies increases exposure risks in the places where these
releases happen. Furthermore, effluent outfalls are rarely marked with any signage, and
therefore water recreators (swimmers, boaters, fishermen) may not be aware of where
potential exposure points exist.
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•

The EPA and others have also documented that CWT effluent containing high concentrations
of halides, including bromide and chloride, interacts with disinfection products used in drinking
water systems downstream. The byproducts of these interactions, such as trihalomethanes,
can increase the risks of cancers and other human illnesses. 195 Community drinking water
systems have already been impacted by trihalomethanes in Pennsylvania. 196

•

CWT facilities also cause air pollution. Wastewater can be stored and settled in open-air
impoundments before the treatment process begins, in turn releasing health-harming volatile
organic compounds (VOCs) into the air. 197 The EPA notes in its 2018 CWT study that “reliable
data characterizing VOC emissions from active CWT facilities associated with [oil and gas]
activities appear to be relatively scarce.” 198 Therefore, the risk of exposure to VOCs from CWTs
in nearby communities is still unknown, although the science on the health impacts of VOC
pollution (ranging from respiratory to neurological problems) is well-established.

THREATS TO AQUATIC LIFE
•

CWT discharges result in impacts to the biological community as well. Studies cited by EPA have
documented that “macroinvertebrate and phytoplankton communities upstream and
downstream of CWT discharges” show lower concentrations of pollution-tolerant species
downstream. 199

•

In 2013, PA DEP found that the “Index Biotic Integrity (IBI)” at some sites downstream of CWT
effluent discharges were below “aquatic life use (ALU) thresholds, meaning that those streams
were not supporting aquatic life.” 200

•

In 2015, another study found that survival rates of federally listed endangered mussel species
diminished significantly downstream of CWT discharge as opposed to upstream. 201 Survival
rates were between 80 and 100% 2 km downstream but only
0.5 km from the waste
discharge.

SPILLS & RELEASES
•

A study released in 2017 determined that wastewater is one of the top three materials spilled
in fracking-related activities in Pennsylvania, New Mexico, Colorado, and north Dakota. 202 Spills
of untreated waste can persist in the environment for years; wastewater spills in North Dakota
have persisted up to four years after spill events and included elevated total dissolved solids
(TDS) and the accumulation of carcinogenic radium in soil and sediment. 203 A study of
flowback spills in the Marcellus region specifically found negative impacts to aquatic life, as
well. 204

•

A CWT facility operated by Eureka Resources in rural Pennsylvania, which discharges waste into
the Upper Susquehanna River, has received violations from PA DEP for several years as a result
of spills. In December 2014, the company was fined $25,000 for two spills of an estimated 4,400
- 6,500 gallons of “residual waste Frac-Water.” In 2015, the company reported a 300-gallon
spill at the facility, and the PA DEP fined the company another $15,000 for two more spills in
2017. 205
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TENORM
•

•

Oil and gas wastewater contains elevated levels of
technologically-enhanced naturally-occurring radioactive
materials (TENORM), and according to EPA “dissolved
TENORM co-precipitates with other ions during certain
treatment processes” 206 at CWT facilities. Effluent from
these facilities has a wide-range of Radium 226 and Radium
288 concentrations, which correlate with levels of total
dissolved solids. In other words, where there is TDS, there
can be TENORM. 207 These radioactive materials
accumulate in river sediments over time, making the
discharge of even small amounts a cumulative problem
and potential health risk.
EPA also acknowledges that “TENORM and associated
radioactivity tends to become concentrated in the
residual solids or sludge produced by the treatment
unit.” 208 TENORM enriched solid waste can also be
generated during storage of flowback and produced
waters before treatment. These solid wastes are then
transported from CWT facilities along public roads to
landfills, where TENORM can also end up in leachate.

“TENORM and
associated
radioactivity tends to
become concentrated
in the residual solids
or sludge produced by
the treatment unit.”
— EPA

Production pits at a gas well site in Pennsylvania. Photo by PADEP.
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CASE STUDY

CWT plan defeated by broad-based opposition and concern
In 2018, plans by Epiphany Water Solutions LLC to build a centralized waste treatment
facility for unconventional oil and gas fracking wastewater on the headwaters of the
Allegheny River in Potter County, PA fell apart after months of debate by a broad range of
voices. Residents, community groups, the Seneca Nation of Indians, and several state and
federal agencies submitted dozens of technical comments highlighting a chorus of similar
concerns to PA DEP and Coudersport Area Water Authority (CAMA), the municipal sewage
plant through which Epiphany planned to route its fracking wastewater effluent:
•

“The proposed facility…will be located in a 100-year floodplain. In the event of a flood or
spill…the risk to water resources is high…USACE recommends that the permit require
continual water quality monitoring of the ‘treated distillate’ and the discharge for
parameters of concern [radioisotopes, bromide, boron, strontium, ammonia, TKN, sodium,
chloride, magnesium, arsenic, benzene, lithium, and TDS].” – U.S. Army Corp of Engineers,
letter to PA DEP, January 26, 2018

•

“The federally
endangered rayed
bean mussel has been
observed downstream
of the [site]…we are
concerned about
water quality and
mussel toxicity if the
[site] begins receiving
treated wastewater…”
– U.S. Fish and
Wildlife, letter to PA
DEP, January 26, 2018

•

“The Commission is
concerned about the
discharge of
potentially harmful
contaminants to the
Allegheny River including salts, metals and radiological
material…” – Pennsylvania Fish & Boat Commission, letter to
PA DEP, January 25th, 2018

•

“The CAMA POTW discharge permit [should] include influent
and effluent sampling along with effluent limits or action
levels…for the following parameters commonly found in
flowback and produced water: TDS, benzene, ethylbenzene, toluene, xylene, barium,
radium-226, and gross alpha/gross beta scans…” – New York State Dept. of Conservation,
letter to PA DEP, January 29th, 2018

Degaweno:das (he who
thunderz) of the Seneca
Nation of Indians expressed
opposition to a proposed
fracking wastewater
treatment facility at the
headwaters of the OHI:YO'
(Allegheny River) during a
meeting in Coudersport,
Pennsylvania in 2018. Photo:
Steve Rubin for Public Herald.

CAMA withdrew its support in April, signaling the end of Epiphany’s CWT plan.
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B) Underground Injection of Wastewater
“There is no certainty at all in any of this, and whoever tells you the opposite is not telling you
the truth. You have changed the system with pressure and temperature and fracturing, so you
don't know how it will behave.”
– Stefan Finsterle, a leading hydrogeologist at Lawrence Berkeley National Laboratory 209

Many types of industries dispose of their waste underground. Injection wells aid in this process, pushing
everything from medical fluids to motor oil into porous rock formations (such as limestone or
sandstone). Over the last decade, the most common disposal practice for oil and gas wastewater has
involved injection into Class II brine disposal wells. These wells, however, have failed to contain wastes,
contaminated nearby areas, and induced small earthquakes.

Two active underground injection control wells in Ohio. Photos by Donna Carver.

As part of mandates under the Safe Drinking Water Act (SDWA), the EPA oversees the Underground
Injection Control (UIC) program, which includes six classes of wells. 210 Designated specifically for the
oil and gas industry, most of the estimated 180,000 Class II wells nationwide accept produced water to
increase pressure and aid in the recovery of oil and gas, but many are used for the disposal of
wastewater, fluids, and sludges. 211
According to federal estimates, at least two billion gallons of oil and gas liquids are injected underground
every day and, along with the shale gas and oil boom, the number of Class II wells in use grew 20%
(28,000 wells) from 2005 to 2012. 212 EPA can grant approval for states, U.S. territories and tribes, to
hold primary enforcement responsibility for UIC activities, a status known as “primacy.” 213 For Class II
wells, states seeking primacy have to demonstrate that they have an “effective program” and will follow
a set of federal criteria, but not federal regulations (in contrast to the primacy standard for all other
classes of UIC wells). 214
In managing UIC programs, states with primacy have responsibility for issuing permits, inspecting wells,
enforcing regulations, and collecting and reporting data to EPA.
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Underground Injection (UIC)
Program Quality
In a 2014 report on the federal UIC program, the U.S.
Government Accountability Office (GAO) concluded that:
•

The safeguards many states currently have in place
to protect groundwater “do not address emerging
underground injection risks, such as seismic activity
and overly high pressure in geologic formations
leading to surface outbreaks of fluids”

•

The EPA is not consistently conducting key oversight
and enforcement duties for Class II wells to ensure
that requirements are being upheld. 215

•

In addition, GAO emphasized that unless UIC-related
regulations adopted by states (such as those related
to seismic activity, discussed below) are incorporated
into federal law, EPA may not be able to enforce
them if violations occur that states leave
unaddressed. 216

Concerns over the potential impacts of wastewater
injection on water and soil quality and private property
have spurred objections to new projects by residents and
local officials. In West Virginia, the United States
Geological Survey (USGS) discovered contaminants from
an unconventional oil and gas waste injection well in
nearby streams and sediments. 217 In Pennsylvania, EPA
recently issued an injection well permit despite
widespread opposition by residents and county
officials. 218 Opposition to new injection wells in eastern
Ohio is on the rise, 219 while West Virginia residents have
enlisted state and national environmental groups to fight
the renewal of a permit for an older injection well. 220
In the meantime, the growing need for disposal capacity
is likely to continue to drive the debate over injection
wells. In a recent interview, an Ohio Department of
Natural Resources employee indicated that “market
demand” would dictate Ohio’s policy on how many new
injection wells to permit, and that more would inevitably
be needed as Utica Shale development expands. 221 It is
possible that over time, operators will seek to reopen
plugged conventional wells from past oil and gas drilling
in sandstone and limestone formations and convert them
to waste disposal wells. The GAO report noted that, “If
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U.S. EPA Underground Injection
Well Inventory (2017)
State or Tribe

Class II
Disposal,
(Number of Wells)

Texas
Kansas
Oklahoma
Louisiana
Ohio
California
Illinois
Osage Nation
New Mexico
Michigan
Arkansas
North Dakota
Mississippi
Wyoming
Colorado
Montana
Indiana
Nebraska
Kentucky
Alabama
Utah
Ute Tribe (Uintah and Ouray)
West Virginia
Alaska
Southern Ute Tribe
Fort Peck Tribes
Florida
South Dakota
Navajo Nation
Pennsylvania
Virginia
Fort Berthold (MHA Nation)
Nevada
Missouri
Blackfeet Nation
Saginaw Chippewa Tribal Nation
New York
Wind River
Pawnee Nation
Iowa
Tennessee
Comanche Nation
Jicarilla Apache Nation
Apache Tribe
Ute Mountain Ute Tribe
Ponca Nation
Washington

13,143
5,445
4,358
2,903
2,219
1,775
1,100
1002
927
876
818
601
571
458
383
271
214
151
112
94
83
79
58
50
34
30
20
19
19
15
13
13
12
10
10
8
6
5
5
4
2
2
2
2
1
1
1

https://www.epa.gov/uic/uic-injection-well-inventory
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the number of available Class II wastewater disposal wells remains the same, the volume of injected
fluid in each well must increase to accommodate the increased wastewater”— even though the impacts
of this trend remain unknown. 222

Seismicity
Several recent seismic events have been linked to the hydraulic fracturing process; an even larger
number are now known to have resulted from underground wastewater injection. 223 The essential
reason is that injection increases pressure on faults, causing them to slip; however, questions remain
regarding the precise relationship (e.g., distances from UIC wells to earthquake epicenters and the time
it takes for a seismic event to occur after injection).
According to the National Academies of Sciences, at least 27 cases of seismic
activity caused by or likely related to wastewater injection (for both disposal
and secondary oil and gas recovery) have been documented in the United
States the last several decades. 224 The report recommends the adoption of
policies and practices to map and evaluate the risk of induced seismicity at
both existing and planned injection well sites and to reduce injection volumes,
rates, and pressures.
Federal regulations do not currently address seismic risk from underground
waste injection, although they include some potentially related
construction requirements designed to protect underground sources of
drinking water (such as injection pressure and loading and the “physical
characteristics” of the injection zone). 225 EPA’s UIC National Technical
Workgroup issued recommendations in 2015 to minimize the risk of injectioninduced seismicity, including assessment of sites for the likelihood of
activating faults, reduction of pressure, and seismic monitoring. 226 However,
the agency is clear that these are non-regulatory “practical steps“ for states
and operators to consider and are also “within the [state] Class II Director’s
discretion to apply.”

Federal
regulations do not
currently address
seismic risk from
underground
waste injection,
despite the fact
they’ve known
about these risks
since 1951.

Seismic Events Across the States
•

Earthquakes measuring 3.0 or greater linked to wastewater disposal by injection in Oklahoma
increased from two in 2008 to about 900 by 2015. Regulators ordered some disposal wells to
shut down, and required others to decrease the speed and volume of disposal. 227

•

In 2010, a series of earthquakes ranging from 2.2-3.4 on the Richter scale were set off in an
area (Braxton County) with a history of seismicity, near a Class II injection well that had recently
begun to inject wastewater from Marcellus Shale operations. 228 WVDEP reduced the
maximum injection volume allowed at the site, and in 2012 began requiring UIC permit
applicants to provide information on subsurface faults, fractures, and other aspects related to
seismic activity. 229 WVDEP later allowed the operator of the Braxton well (Chesapeake Energy)
to increase injection pressure again, although no additional seismic monitoring was required;
in 2012, another earthquake (magnitude 2.8) occurred near the site. 230
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•

The number of earthquakes measuring 2.5 or greater in the Delaware Basin of Texas tripled to
more than 60 per year, according to the U.S. Geological Survey. Nine man-made earthquakes
rattled the Dallas-Fort Worth area in 2015. 231

•

Following a series of over 100 earthquakes in northeastern Ohio in 2011-2012—12 of which
registered at nearly 2 and one almost 4 on the Richter scale—researchers at Columbia
University confirmed the cause to be drilling wastewater disposal at a large injection well. 232
The well was subsequently shut down, and in 2012, ODNR and legislators revised the Ohio
Administrative Code to require operators of deep underground injection wells in certain
formations (ranging from about 1,000-13,000 feet) to survey the location for potential faults,
submit a plan for monitoring seismic activity, conduct pressure tests, and potentially limit the
rate and volume of injection. 233 In 2014, two more injection wells were shut down following
another earthquake. 234

•

Seismometers recorded 1,881 quakes along the border of New Mexico and Colorado between
2008 and 2010, 1,442 of them are in New Mexico. Colorado also saw a swarm of 12 quakes in
2001 and a 5.3 quake in 2011 that have been linked to oil and gas wastewater injection wells
by U.S. Geological Service. 235

Aquifer Exemptions
The U.S. EPA grants Aquifer Exemptions to energy and mining companies for the underground disposal
of liquid waste in aquifers that are not currently used as sources of drinking water. As of January 2017,
there were 3,300 aquifer exemptions, and 95% of them were for Class II injection wells for oil and gas
waste disposal. 236 The majority exist in Colorado, Wyoming, Texas, Utah, Montana, and Indian Country,
but there are several in Pennsylvania, Indiana, and Illinois as well.

FracTracker Alliance map of aquifer exemptions in the U.S. as of October 2017. The full, interactive map is
available at https://www.fractracker.org/2017/10/aquifer-exemptions/. Blue dots represent aquifer
exemptions.
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The “exemption” is specifically from portions of the Safe Drinking Water Act that prohibit contamination
of drinking water resources and effectively allows companies to pollute groundwater sources. While
these aquifers exist at depths typically not used for drinking water, increasing water scarcity nationwide
may change the viability of these aquifers as freshwater sources. Destroying aquifers for oil and gas
waste disposal only exacerbates the water scarcity problem in the U.S.

Pressure and Leaks
Even as oil and gas companies set their sights on new injection wells (and aquifers) to increase disposal
capacity, current facilities are receiving increasing volumes of waste. As seen in Table 1, the volume of
waste injected underground in Ohio and Pennsylvania increased significantly between 2011 and 2014
once fracking took hold, raising the question of whether capacity can ultimately keep pace with the
volumes of waste being produced. In West Virginia in 2010, 12% of flowback fluid (the only waste
systematically reported by operators) was disposed of in UIC wells, and this increased to 26% in 2011
and 35% in 2012. 237 According to data available from Pennsylvania, the proportion of injected waste
coming from Marcellus Shale wells also increased from 79% in 2011 to 93% in 2014. 238
Table 1: Volume of waste disposed of at injection wells in barrells - Ohio and Pennsylvania (2011-2014)
YEAR
Ohio

Pennsylvania

% CHANGE

2011

2012

2013

2014

2011-2014

12.6 million bbl

14.1 million bbl

16.4 million bbl

22 million bbl

+75%

2011

2012

2013

2014

2011-2014

2.8 million bbl

4.3 million bbl

3.5 million bbl

4 million bbl

+43%

Ohio figures based on annual injection well fee data provided by ODNR to the Center for Health, Environment, and Justice.
Pennsylvania figures calculated using “injection well” (as disposal method) data from PADEP’s Oil & Gas Reporting website,
“State data downloads, waste.”

The increase in waste disposed of underground raises the possibility that injecting more into a well
than it can handle may compromise the stability of UIC wells to the point where they can fail and
leak either underground or at the surface. When this happens, toxic waste may enter drinking water
sources, agricultural land, or migrate onto neighboring properties. Possible causes include the location
of injection wells near natural faults, which can cause cracks in the rock where fluids are injected, and
old oil and gas production wells, which provide openings through which contaminants spread. In
addition, seismic activity near injection wells can damage casing or cementing, allowing waste fluids
and chemicals to leak out. 239
An in-depth investigation by ProPublica of UIC well records, cases, and government documentation
found that from 2007-2010, one well integrity violation was issued for every six deep injection wells
nationwide (more than 17,000 violations) and over 7,000 wells were known to have leaking walls. 240
Documents also revealed over 1,000 instances in which facility operators pumped waste into Class II
wells at pressure levels they knew could fracture rock and possibly result in leaks. 241
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In 2013, environmental and citizen’s organizations and residents in Ohio wrote to the Region 5
Administrator of EPA asking for a full audit of the state’s ability to manage its UIC program, in large part
because ODNR has not taken enforcement action in numerous cases when inspectors found regulatory
violations at injection wells. 242 A key example is the Ginsburg injection well, which has been cited for
failing mechanical integrity tests, spilling oil and brine, and causing significant erosion in the surrounding
area since 1986, when ODNR stated that it “presents an imminent danger to public health or safety or
is likely to result in immediate substantial damage to natural resources.” 243 Yet despite citation for
numerous violations, an ODNR order to cease operations, and indication that the health of animals and
people nearby might be at risk, the injection well has continued to operate.

Storage pit at the Ginsburg injection well, Ohio. Photo courtesy of Athens County Fracking Action Network.

In West Virginia, in 2014, a resident living near the Lochgelly site, together with national and state
organizations, filed a legal appeal to WVDEP’s continued allowance of waste injection—despite the fact
that the operator didn’t have a valid permit for extended periods of time and had failed to comply with
state orders related to violations for waste management and stream monitoring. 244 Residents have
collected extensive evidence that the injection well’s sediment pits are failing and leaking. Tests by a
Duke University scientist from a stream below the facility indicated elevated levels of chloride, bromide,
manganese, strontium, and barium, which are typically found in oil and gas wastewater.” 245
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According to the Government Accountability Office (GAO), few states have
reported any instances of water contamination resulting from UIC well
leaks; between 2008 and 2012, neither Ohio nor Pennsylvania reported any
such cases. 246 However, GAO has also emphasized that states don’t
generally conduct groundwater monitoring near injection wells, since
“When it first developed the UIC program and its regulations, EPA
considered, but did not include, monitoring of groundwater for
contamination as a means of evaluating the effectiveness of the program
and its safeguards.” 247
Actual contamination resulting from leaking injection wells is therefore
likely to be detected only when state regulatory agencies conduct
investigations following complaints from residents or other evidence of
damage to groundwater emerges. GAO has also criticized Ohio for not
requiring operators to test or disclose the chemicals in its waste before
injecting it underground, an omission that poses a risk to groundwater—the
only one of the eight oil and gas producing states that the GAO examined
for its recent report that doesn’t have such rules. 248

Between 2001-2010,
one out of every six
injection wells had
violations related to
the well's structural
integrity, and over
7,000 of them had
leaking walls.

Lochgelly injection well and sediment pits in West Virginia, with seepage at the surface. Photo courtesy of
DirtySecretWater.com.
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“Beneficial” Reuse
Any industry, factory, or company that generates waste faces complications and costs in getting rid of
it. With this in mind, states offer the option to reconfigure various types of waste to serve other
purposes. This process often results in new products; for example, water treatment sludge or food
processing waste may become agricultural fertilizer and old tires may be used to make fuel.
Along with the increase in volume and types of waste generated, oil and gas operators are seeking new
ways to repurpose both solid and liquid waste. In light of ongoing questions about the content and
environmental risks of drilling waste, concerns also exist about the safety of alternative uses—as well
as whether regulatory agencies are taking the steps necessary to safeguard against risks posed to air,
water, and soil.
Many states have established beneficial use determination (BUD) programs and regulations to guide
the review of proposals to repurpose waste and related permitting and restrictions, including Colorado,
New York, Ohio, and Pennsylvania, and Texas. 249 Overall, BUD requirements stipulate that only solid or
residual (i.e., not hazardous) wastes can be re-used, that the resulting product must be similar or
analogous to the existing one it is intended to replace, and that the new product will not harm the
environment or human health. West Virginia does not have BUD programs for oil and gas waste but
has adopted regulations for the beneficial use of specific wastes (such as coal combustion products,
scrap tires, and sewage sludge). 250
Under Pennsylvania’s BUD program, CleanEarth Resources has conduct at least two experimental
“Research and Development (R&D)” programs using horizontal Marcellus Shale drill cuttings as fill
material at reclamation and construction sites in the state. Though the company reported the project a
success, PADEP relied on the company and its affiliates to make that determination.
New Mexico is working with U.S. EPA on new rules to beneficially reuse fracking wastewater for
irrigation, livestock, and even drinking water. 251

A) Road Spreading
Currently, the most widespread repurposing of oil and gas waste is the spreading of brine on roads for
dust control and de-icing. The primary environmental concern with this practice is the high levels of
salt, chloride, radioactive elements (e.g., radium) and chemical contaminants (e.g., benzene and
toluene) in the waste used, which can harm human health, aquatic life, and vegetation. This happens
when melting snow and rain carry toxins into soil, streams, rivers, and groundwater.
Currently, Colorado, Ohio, New York, North Dakota and West Virginia are among 16 states that allow
road-spreading of “brine,” which in this context appears to be limited to produced water (i.e., not
flowback or other fluids) from conventional (non-fracked) oil and gas operations. Pennsylvania allowed
brines from conventional gas wells to be used as a dust suppressant and stabilizer on unpaved roads
until May 2018 when the PA DEP revoked approvals for the process during a lawsuit, conceding that
those approvals had been issued in error. 252 Though the state’s approvals were developed using the
state’s Clean Streams Law, Solid Waste Management Act, and oil and gas regulations, 253 PA DEP never
approved of road-spreading as a BUD process.
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Road spreading of oil and gas wastewater is used in these states.
(Credit: Tasker, et al https://pubs.acs.org/doi/10.1021/acs.est.8b00716)

Truck spreading brine in New York. Photo courtesy of No Fracking Way.

The states still approving road-spreading have varying requirements, including those related to the
testing of chemical content, allowable limits of total dissolved solids, calcium, chloride, and other
contaminants, methods used, and the rate of application (i.e., the amount of waste that can be spread
on a given area of road). However, key gaps remain, such as the exclusion of radionuclides in testing
requirements and the testing of only “representative samples” of waste submitted by operators and
waste haulers rather than testing samples from each source. The testing of each source of wastewater
is important, as noted by EPA in its 2012 comments on New York’s draft environmental impact
statement on high-volume hydraulic fracturing: “[T]he actual concentration and/or radioactivity of
contaminants in the produced water spread on land or roads would be unknown at any given time, since
the amount and type of contaminants in produced water varies from well to well and even in the same
well over time unless each truckload is tested.”
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All four Marcellus Shale states prohibit the use of brine from shale gas formations for roadspreading, which contains even higher concentrations of contaminants, and the use of flowback,
which contains fracturing chemicals. However, they lack processes to confirm that the brine used is
not, in fact, derived from the Marcellus or Utica Shale or a mix of produced water and flowback. In
addition, even conventional brine can potentially affect the environment, depending on how it is
treated and applied and the degree to which it becomes diluted or concentrated as it enters soil and
water.
A 1990 study of the road-spreading of conventional oil field brine in Ohio found that the practice caused
chloride concentrations in nearby groundwater to exceed EPA drinking water standards two-fold in the
winter and five-fold in the summer. 254 Ohio’s 2004 guidance for road-spreading of brine details high
concentrations of heavy metals (e.g., mercury, lead, and barium), hydrocarbons, and volatile organic
compounds. 255 Most recently, a 2015 PADEP study on TENORM concluded that the potential exists for
recreationists using roads treated with brine to be exposed to radiation, and recommended that the
radiological environmental impacts of using oil and gas field brine for dust suppression and de-icing be
studied further. 256

Map of oil and gas liquid waste applications to roads in Pennsylvania by FracTracker Alliance. To see the
full, interactive map visit https://www.fractracker.org/2017/08/roadspreading-og-waste-dumping/.
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CASE STUDY: Pennsylvania “BRINE” Spreading Debate
A heated debate over road spreading of conventional oil and gas wastewater or “brine” has
recently transpired in Pennsylvania. The debate hinges on new research and a lawsuit
against the PA DEP.
While researching centralized waste treatment facilities in PA, Dr. William Burgos and his team at
Penn State University discovered that “road spreading” was a recurring disposal method for many
oil and gas operators in the state. Surprised by this, his team turned their attention to collecting
samples from municipal “roadmasters” for testing.

“We didn’t know exactly what it meant in the beginning; we didn’t
even think it was real,” Dr. Burgos told a reporter. 257
“We went deep on the 14 samples that we collected that were
spread on roads in 2017 and characterized them for far more than
what appeared on the certificate of analyses [required by PADEP],
including the obvious ones with respect to salt, total dissolved solids,
sodium chloride, calcium, et cetera,” Dr. Burgos added. “We also
looked at other metals such as iron and lead, and radioactive
elements such as radium, and organic compounds.”
Burgos’s team found elevated radium at higher levels than anticipated. Of the 14 samples, the
median amount of radium detected was 1.230 picocuries per liter. The drinking water standard is 5
picocuries per liter, and the industrial wastewater standard is 60 picocuries per liter. Some samples
tested even higher, up to 2,270 piC/L.
Wastewater like the samples tested by Burgos et. al. has been spread on Pennsylvania roads for 30
years. Radium has a half-life of 1,640 years and can accumulates in the environment where it is
repeatedly exposed. It is also a known carcinogen that increases the risk for bone, breast, and liver
cancer.
At the same time Burgos’s team was conducting its study, the Siri Lawson vs. Commonwealth of
Pennsylvania, Department of Environmental Protection case was playing out before the
Environmental Hearing Board. During that case, the PADEP conceded that it violated the law by
issuing approvals for road spreading of oil and gas waste.
Just weeks after repudiating its policy allowing road spreading of wastewater for dust control, the
Department reported that it was engaged in a process to legalize approvals of wastewater for road
spreading. Earthworks quickly formed a coalition of allies, and with nearly 40 signatories submitted
a letter to PA DEP on July 31, 2018 asking the Department to cease its efforts to resume road
spreading approvals and instead investigate the environmental health impacts of oil and gas
wastewater dispersal on roads over the last 30 years. 258 After receiving no response for months,
our coalition sent another letter in November. As of March 15, 2019, PA DEP has still not
responded.
In response to the Department’s cessation of road spreading approvals, two bills were introduced
in March 2018 aimed at rolling back regulations for the conventional oil and gas industry that
compel PADEP to resume approvals for the road spreading of brine – HB 2154 and SB 1088.
Though Governor Tom Wolf has vowed to veto the bills, his tenure ends in just a few years.
Therefore, the fate of waste spreading also lies in the hands of the next Governor.
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B) Creating New Materials
Oil and gas operators are increasingly finding ways to monetize their waste products by creating
new materials. While ingenuity can reduce the amount of overall waste that ends up in landfills,
rivers, etc., the testing regimes for these products are not sufficient to ensure protection of public
health and the environment

DRILL CUTTINGS
Drill cuttings are being used by grinding and mixing them with other materials. According to the Argonne
National Lab, potential uses for drill cuttings include stabilization materials for roads and well sites,
construction materials, road pavement, cover material at landfills, and fillers in concrete, brick, or
asphalt manufacturing. 259 The lab notes that extensive treatment and washing of drill cuttings is
necessary to adequately remove hydrocarbons, salinity, moisture, and other contaminants, but that
operators nonetheless seek to develop new products because, “The economics of this approach is rarely
based on the value of the finished product, but rather on the alternative cost for the other disposal
options.” 260
The Texas Railroad Commission allows oil and gas companies to use drilling cuttings as “road base” and
fill material, as well as construction and bulking agents for cement. Cuttings must be tested for metals,
chloride and Total Petroleum Hydrocarbons but not radioactive materials. 261
In Pennsylvania, DEP has allowed companies to use contaminated soils, drill cuttings, and pipeline
cuttings to create roads, drilling sites and construction materials. In 2011, a company called CleanEarth
opened a Research and Development (R&D) facility and processed more than 80,000 tons of shale
cuttings by the end of 2013 for projects demonstrating that the waste could be used to cap
contaminated brownfield sites, to construct well sites, as a road base, and in mine reclamation. 262
Following required testing, Clean Earth estimated that 10% of the waste it collected for R&D processing
wasn’t usable because of excessively high levels of radioactive materials and contaminants such as
arsenic, lead, and barium. 263
In December 2013, the Pennsylvania DEP granted a permit to Range Resources to conduct R&D on the
use of drill cuttings in the creation of construction materials at gas well sites. Earthworks and its partners
recommended to PA DEP that the permit be rejected because the proposed project would occur near
protected streams and the applicant failed to provide critical information on substances that the waste
contained. The groups’ primary concern was that the application didn’t meet legal requirements for a
BUD. PADEP failed to analyze and address the long-term and cumulative impacts of the project on water
resources and the surrounding community. 264
Established in Ohio in 2012, enerGREEEN360 promises to use “chemical and geotechnical-modified
solutions” to engineer new construction and fill materials from drilling waste; in turn, the company
would provide the materials to be used in land and building development projects.265 In early 2014,
ODNR authorized enerGREEN360 to operate a facility that would blend drill cuttings with coal ash to
create construction materials for a nearby industrial park; the company claimed this could be done as
a “beneficial use.” 266 However, ODNR approved the project through a “Chief’s Order” that circumvents
public notification requirements and local government review. 267
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ODNR has not yet developed regulations on the beneficial use of drilling waste, which the passage of
HB59 in 2013 enabled the agency to do. 268 At the same time, Ohio law stipulates that any material from
a horizontal well can be used in any manner that is authorized as a beneficial use, as long as it is not
defined as TENORM— from which HB59 specifically excludes drill cuttings. 269 As a result, Ohio has
opened the door to using drill cuttings to create new products, but has no regulations to help ensure
that future uses would actually be more “beneficial” than harmful.

SALT PRODUCTS
The oil and gas industry’s liquid waste has been used for a variety of commercial and industrial purposes
over the years. But never has the “beneficial use” of its wastewater been so grossly applied, or so close
to home, as it is today. Liquid waste from drilling and fracking operations contain high levels of salts,
and companies are now creating commercial products that use those salts for other uses.
The treatment of liquid waste from fracking at high-tech centralized wastewater treatment facilities
involves the removal of salts from the chemical slurry. In recent years, one company in Pennsylvania –
Eureka Resources – has been permitted by state regulators to sell the leftover salt to companies like
Clorox, Cargill, Walmart, Home Depot and Lowes. This was exposed by a Public Herald investigation,
which also revealed that Eureka has been packaging the salt byproduct as “Clorox Pool Salt” for
distribution since 2017. 270 Earthworks took the investigation one step further and found that Eureka’s
“frack salt” is also used by Cargill to prepare and preserve animal hides after meat processing. 271
Though Eureka’s salt is tested for an array of toxic constituents, analysis does not include a full list of
fracking chemicals since companies are not required to reveal the chemicals used for fracking. A study
released in 2015 confirmed that wastewater from oil and gas fracking operations is carcinogenic. 272 But
the companies using oil and gas wastewater to make products for the mainstream market fail to
mention this.
Another company, misleadingly named Nature’s Own Source, manufactures a product called
AquaSalina for de-icing roads. AquaSalina is approved by Ohio Department of Natural Resources (ODNR)
for de-icing and dust suppression on roads despite the agency finding that the product contained high
levels of the carcinogenic Radium-226 and Radium-228 — more than 300 times higher than federal
limits for drinking water – during a 2017 study that was initially withheld from the public. 273
AquaSalina is also used by the Pacific Northwest Snowfighters Association (PNSA), which evaluates the
safety of products used for winter road maintenance. However, according to the PNSA’s protocols,
radioactive materials present in oil and gas waste — such as Radium-226, which has half-life of 1,600
years — is not part of the testing regime. AquaSalina is also used in several states across the U.S. 274
AquaSalina is described on the company website as “natural saltwater solution produced from ancient
seas.” But Dr. John Stolz at Duquesne University has tested AquaSalina from bottles he bought online
from Lowes. “AquaSalina is not just ancient sea water, nor is it just salt brine,” Stolz said. “It’s a complex
chemical mixture that includes toxic and radioactive elements.”
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C) Reuse and Recycling
With volumes of liquid waste growing, oil and gas companies have sought to reuse wastewater and
fluids, either at the well site where it is generated or in operations elsewhere. The quest for effective
methods to treat the waste has also been driven by a growing need to reduce the use of freshwater,
particularly in arid regions. Recycling has also been touted by industry as a way to reduce waste
transport and disposal. 275
In order to reuse it, wastewater has to be stored and processed onsite, upping the potential for spills
and leaks that can lead to soil and groundwater contamination. Emerging science on reuse and recycling
of wastewater and fluids indicate inherent challenges in treating contaminated waste products so they
can be used again, including the high-saline content of produced water from shale formations;
interactions between contaminants in the wastewater with chemicals used in hydraulic fracturing; and
the accumulation of radioactive material in waste each time it is reused, which itself can pose
environmental and health risks and disposal challenges.
In 2014, researchers at Rice University identified chemicals present in fracturing fluids and potential
methods to remove them, finding that certain treatments could actually increase toxic compounds (e.g.,
organobromides). 276 A 2015 PADEP study on TENORM found high levels of radiation in filter cakes and
effluent from centralized/industrial wastewater treatment (CWT) and zero liquid discharge (ZLD)
plants. 277 (See section on radioactivity for more information.) Such evidence underscores the potential
risks posed by new wastes created in the process of treating shale gas wastewater and fluids, and
the inherent challenge of disposal.
In addition, the ability of operators to reuse wastewater and fluids may diminish over the long-term.
In 2013, researchers from the University of Pittsburgh and Pennsylvania State University noted that,
“The wastewater reuse program represents a somewhat temporary solution to wastewater
management problems in any shale play…As the well field matures and the rate of hydraulic fracturing
diminishes, the field becomes a net water producer because the volume of produced water will exceed
the amount of water needed for hydraulic fracturing operations.” 278
Numerous oil and gas companies, as well as entrepreneurial “start-ups,” have invested in the
development of technologies to solve these problems, but the costs and complexities of wastewater
recycling systems—especially ones that can fit diverse geologies and water chemistries—have also been
prohibitive. 279
But other “opportunities” for the reuse of wastewater are on the horizon.
Currently, the EPA is studying recent developments in treatment technologies that could open the door
for increased discharge of treated fracking wastewater into rivers and reuse for agriculture, ice and dust
control on roads, and more. According to EPA, “Some states and stakeholders are asking whether it
makes sense to continue to waste this water, particularly in water scarce areas of the country, and what
steps would be necessary to treat and renew it for other purposes.” 280
The EPA entered into an agreement with New Mexico in 2018 to “to clarify the existing regulatory and
permitting frameworks related to the way produced water from oil and gas extraction activities can be
re-used, recycled, and renewed for other purposes.” 281 A white paper was published in January 2019,
and a bill was passed in New Mexico in March 2019 compelling regulators to create rules that cover the
compels the commission to adopt regulations for the use of produced water for "road construction
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maintenance, roadway ice or dust control or other construction, or in the application of treated
produced water to land" and "for surface water discharges."
Data on the volume of waste that is reused and recycled are scarce, although rates as high as 90 percent
have been claimed for Marcellus Shale operators. 282 As detailed in Table 2, data reported by
unconventional operators in Pennsylvania indicate lower rates; in addition, the proportion that is
reused or recycled has not kept pace with the volume generated. Reuse/recycling rates have also
dropped significantly among conventional operators, along with volumes of waste produced. Available
data from operators in West Virginia for an earlier period show a similar trend, with the percent of total
flowback waste that was reused decreasing from 88% in 2010 to 73% in 2011 to 65% in 2012. 283
The disposal type “reuse other than roadspreading” makes up the highest proportion of
reused/recycled waste reported by Pennsylvania operators. However, it is unclear what this means in
terms of actual applications or whether the waste is reused at the same well site or transported to other
locations. The other and less frequently reported disposal type, “centralized treatment plant for
recycle,” implies that the treated liquids would be returned to the operator for further use (e.g., in
hydraulic fracturing). However, without comparable data from the treatment plants, it is impossible to
know how much was returned to operators for secondary uses, or disposed of in other ways.

Table 2: Reuse and recycling of liquid waste, Pennsylvania - 2011-2014
Unconventional wells
Total barrels
of waste

Total barrels reused
and recycled

2011

20.2 million

17.5 million

56%

31%

2012

29.1 million

24.7 million

70%

15%

2013

32.3 million

24.4 million

67%

9%

2014

41.3 million

25.7 million

62%

0.11%

+47%

--

--

% Change (2011-2014)

+104%

% of all waste
that is reused

% of all waste
that is recycled

Conventional wells
2011

5.7 million

4.6 million

21%

59%

2012

7.1 million

5.3 million

42%

34%

2013

4.3 million

668,000

15%

0.05%

2014

4 million

700,000

17%

0.06%

-30%

-400%

--

--

% Change (2011-2014)

Figures calculated using operator data submitted to PADEP, Oil & Gas Reporting website, “State data downloads, waste” spreadsheets. Includes
volumes for waste disposal categories “centralized treatment plant for recycle” and “reuse other than roadspreading” for unconventional and
conventional wells. Types of waste reported include drilling, fracking, and produced fluids.
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5

— The State of the States

Every oil and gas producing state faces a challenge in how to dispose of growing volumes of waste.
Some variation exists in the actual content of waste (e.g., levels of salt and radioactivity) and in disposal
locations (e.g., whether geology allows for underground injection). But what is consistent across states
and nationwide are the risks posed to water, soil, air, and health from improper waste management.
Regardless of where it is generated, oil and gas field waste contains chemicals, heavy metals, and other
contaminating substances—which ideally would be identified prior to disposal, at facilities that are
designed to handle the waste in question. Earthworks’ Still Wasting Away investigation includes
supplemental reports for nine oil and gas states: California, Colorado, New Mexico, New York, North
Dakota, Ohio, Pennsylvania, Texas, and West Virginia. Each report reviews regulatory structures,
oversight processes, tracking and reporting specific to these key states.
To see the state reports, visit Earthworks.org/still-wasting
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Conclusions
Across the U.S shale states, a “create now, figure it out later” view has guided the
regulatory and policy response to a growing stream of drilling waste.
This process reflects the norm of regulatory and policy change, which generally occurs in response to
existing problems and only when public concern and pressure to take action mount.
Oil and gas states like Pennsylvania, New York, New Mexico and Colorado have addressed oil and gas
field waste management in distinct ways and taken steps in the past to improve regulations, operator
practices, and data collection. However, there is still a very long way to go. All states have missed the
mark, and these seven key trends explain why:
1. The classification of oil and gas field waste as residual or solid, rather than as industrial or hazardous.
This makes it possible for operators and regulators to treat oil and gas waste like other wastes and
to use existing treatment and disposal systems. States do not govern the waste based upon its
characteristics, i.e., they do not determine if waste is actually hazardous according to RCRA Subtitle
C’s definition (were it not exempted by EPA).
2. States are beginning to face the inherent challenges of oil and gas waste management by revising
particular regulations and addressing emerging problems. However, initiatives continue to be
piecemeal and reactive, and gaps in regulations and oversight remain.
3. The division of responsibilities across regulatory agencies and departments prevents the
comprehensive oversight of waste generators, transporters, and disposal facilities and hampers the
consistent application of regulations and policies.
4. Waste tracking and reporting systems are limited and operators and waste facilities have wide
discretion in deciding how to characterize and dispose of waste. The result is general, incomplete
information that is not verified by regulators.
5. Publicly available data are limited, making it difficult to fully assess or verify the origin, volumes,
types, and ultimate destination of gas and oil field waste. This is the case both within each state
and even more so when it crosses state borders. Data discrepancies between volumes reported
from one state regulatory agency to another, when data are available, make it even more
impossible to understand how much waste is going where.
6. EPA is only now getting a handle on the Centralized Wastewater Treatment (CWT) facilities accepting
unconventional oil and gas drilling and fracking waste, yet these facilities are currently in operation
and already discharging to water bodies. Allowing CWTs to continue discharging effluent while the
EPA considers potential rules or standards or these facilities creates unknowns and potential
hazards.
7. The fracking chemicals used remains a mystery. Despite having a general idea of what kinds of
chemicals are used for fracking, companies still have the ability to keep the particular chemical
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mixture for specific operations a secret. Without knowing the exact chemical makeup of fracking
waste, it is impossible to ensure safety with proper testing.
These trends reflect a status quo of oil and gas waste management that poses current and future risks
to the environment and human health, particularly as drilling continues to expand. In all of the states
examined, inconsistent regulations and data gaps call into question the adequacy of state oversight.
EPA’s 1988 decision that oil and gas waste did not need to be regulated as hazardous under RCRA was
based largely on the assumption that states would be able to oversee waste management going
forward. Yet our in-depth review of the regulatory frameworks, reporting and tracking systems, and
current practices in nine oil and gas states makes it clear that, 30 years later, this assumption was
incorrect.
In the meantime, a growing body of science on the chemical and radioactive characteristics of oil and
gas wastes indicates that, if properly tested, it is likely that at least some of the waste generated would
meet established criteria for classification as hazardous (i.e., ignitability, corrosivity, reactivity, and
toxicity). In addition, practices are in place in oil and gas states that are enabled by the RCRA exemption
but which cause specific problems that are not being fully addressed. These include:
•

The absence of “cradle to grave” tracking of waste, i.e., from the well site where it is created
to the location where it is ultimately disposed.

•

The lack of comprehensive analysis of wastes to determine whether their chemical content and
characteristics would in actuality render them hazardous.

•

Processing, and disposal of waste at municipal landfills and wastewater treatment plants,
rather than at specialized facilities.

•

Re-use of oil and gas wastes under “beneficial use” laws, which do not allow hazardous waste
to be used for such purposes (e.g., road-spreading or construction materials).

•

Underground injection of wastewater and fluids in Class II wells, rather than the more
stringently constructed and regulated Class I wells designed for hazardous materials and
industrial liquids.

The projected expansion of oil and gas development nationwide challenges the presumption that
current storage, treatment, and disposal methods and the capacity of existing facilities will be sufficient
going forward. Yet as the quest to increase domestic oil and gas production continues, nearly absent
from any debate on both the state and federal levels is the imperative for operators to responsibly
classify the waste they create.
Until measures are in place to ensure that these steps are taken, oil and gas
waste management will continue to be, at its core, an experiment—one with
potentially serious consequences for environment and communities nationwide.
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Recommendations
Despite years of unconventional oil and gas development, and decades of conventional development,
states have failed to adequately manage oil and gas waste. Since the initial 2015 release of this report,
there has been little improvement. Therefore, our recommendations from 2015 remain the same. To
stem further risks to water, soil, air quality, and the public, immediate action must be taken at the
federal and state levels.
•

The federal exemption for oil and gas waste in the Resource Conservation and Recovery Act
should be reversed—an action that Earthworks and its partners have called for in the past.
In addition, individual states, rather than emulate the current federal exemption to hazardous
regulations, should build stronger protections based on the physical characteristics of waste
(ignitability, corrosivity, reactivity, toxicity), not the politically-derived definitions of regulatory
code.

•

Apply hazardous waste policies to oil and gas wastes through new regulations and/or
legislation. This would ensure that oil and gas operators follow the same rules as other similar
industries; if the wastes they create meet the definition of hazardous, they should be managed
as such.

•

Implement “cradle-to-grave” waste tracking and reporting systems that are comprehensive,
consistent, binding, verifiable, and transparent. These would require online forms for
operators and databases for regulatory agencies that encompass origin, destination, transport,
volumes, types, and disposal method. Although operators, transporters, and waste facilities
would provide this information, regulatory agencies should adopt mechanisms to verify its
accuracy and compare records from different parties. The data should be accessible to any
agency or division managing waste, with primary responsibility for oversight held by oil and gas
divisions. All reports and data should be made available online to the public. Regulatory
agencies in different states should share information and ensure that waste transported across
borders is properly recorded, tracked, and disposed of.

•

Prohibition of open-air reserve pits and centralized impoundments; only fully contained,
“closed-loop” storage and treatment systems should be allowed.

•

Prohibition of the burial and land-spreading of waste. All waste should be safely removed
from well sites within established timeframes related to well development and completion
stages, and be included in well restoration guidelines.

•

Expansion of existing bonding or adoption of new financial assurance mechanisms for oil
and operators that cover the costs of waste removal, in order to ensure that the public does
not bear the burden of long-term environmental remediation.

•

Prohibit the application of “beneficial use” laws and permitting processes to oil and gas
wastes, including but not limited to the road-spreading of wastewater and creation of new
construction or pavement materials. Currently, it does not appear that the chemical and
radioactive content of oil and gas wastes meet the same standards as any other municipal,
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solid, or residual waste considered for beneficial use applications, Nor that new products can
be deemed no more harmful than the original products they are intended to replace.
•

Require treatment and disposal of wastes at specialized facilities designed and equipped to
remove chemicals, radioactive elements, total dissolved solids, metals, and other
contaminants. Municipal landfills and wastewater treatment plants should be prohibited from
accepting all oil and gas field wastes, conventional and unconventional.

•

Require operators to conduct comprehensive, consistent testing of wastes before they leave
the well site. All data should be submitted to regulatory agencies, provided to both waste
transporters and disposal facilities, and made available to the public. This step is necessary to
ensure that the wastes are properly characterized and taken to appropriate facilities, and
would give regulators the opportunity to require operators to use different testing and
management protocols if necessary.

•

Require disposal facilities to obtain consistent, detailed documentation from waste
generators and transporters regarding the type, characteristics, and content of waste. State
regulators should revise their waste characterization forms to include binding standards for
allowable concentrations of chemicals, radioactivity, and other contaminants and to ensure
that operators submit testing results from certified, independent laboratories. Factors such as
“operator knowledge” or written declarations should not be considered a sufficient means of
verification.

•

Require operators and disposal facilities to test all oil and gas wastes that are diluted,
downblended, solidified, or bulked with other materials, prior to disposal. Testing should be
based on comprehensive parameters for chemicals, radioactivity, and other contaminants and
be conducted by certified, independent laboratories. States should conduct studies and
develop related regulations that detail the materials and processes that are allowed and
prohibited, and establish limits on all potential contaminants in “mixed” products.

•

Adopt policies for the frequent monitoring of groundwater, surface waters, sediment, soil,
leachate, and effluent from and near waste treatment and disposal facilities. Regulatory
agencies should approach waste management as an ongoing process that requires follow up
and continuous monitoring for changes in environmental conditions.

•

Test and handle radioactive oil and gas wastes according to more stringent guidelines.
Drinking water standards are the wrong standards for any oil and gas waste stream, because
there over 2,000 chemicals used for hydraulic fracturing or present in produced water for
which there is no drinking water standard. Waste needs to be tested for what is actually there,
and fact that radioactivity is “naturally occurring” should never be the basis for declaring a
waste safe for disposal. Agencies with experience in the testing, detection, and handling of
radioactive material should be involved with the management of oil and gas wastes that
contain radioactivity. Existing regulations related to radioactive material should be expanded
to include oil and gas wastes.

•

Strengthen standards for current and future underground injection control well facilities
that accept oil and gas wastes, including but not limited to comprehensive chemical testing;
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more frequent injection rate and pressure monitoring; mapping and analysis of faults and
seismic risk; and stronger leak detection systems.
•

Apply a “zero discharge” prohibition on all oil and gas wastewater from treatment facilities.
Specially-equipped, centralized wastewater treatment facilities should only be permitted for
the treatment of produced water and flowback for recycling purposes so as to reduce the use
of freshwater resources. There should be no reuse of wastewater effluent for agricultural or
livestock watering without comprehensive and continuous testing, and the salt byproducts
from specialized treatment facilities should be used in applications that have no connection to
food, water or soil.
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‘Loophole Economics’
In 1988, the EPA concluded that regulation of oil and gas wastes under RCRA was unnecessary due to
1) economic concerns for the industry and the fact that 2) “gaps in State and Federal regulatory
programs [could] be effectively addressed by formulating requirements under Subtitle D of RCRA and
by working with the States;” 284
EPA, once again compelled by consent order, must now revisit RCRA Subtitle D. As this report clearly
demonstrates, the regulatory gaps with regard to this industry’s waste streams are (still) both wide and
deep. EPA can fill these gaps by following Earthworks’ recommendations above.
But as the agency looks ahead at the future of oil and gas waste regulation, perhaps the most beneficial
change EPA could make would be to regulate oil and gas waste based on its physical properties, rather
than ‘loophole economics.’
By loophole economics, we mean the theoretical defense which
alleges that regulations threaten the economic viability of oil and
gas companies, and that the industry should therefore be exempt.
This exemption effectively serves as a subsidy, and this argument,
which has never been thoroughly vetted, is being made by one of
the richest industries in the world.

In 1979, the American Petroleum Institute estimated that regulation under RCRA’s hazardous waste
standards would cost the oil and gas industry “$45 billion over a 20 to 25 year period for compliance
with siting, monitoring, fencing, and closure requirements.” 285 By now, that estimate may have
changed, but if we carry the API’s math forward, the industry, together as a whole, would have paid an
estimated $1.8 to $2.25 billion dollars a year to treat its hazardous waste as hazardous.
Instead, those costs have been socialized, unfairly diverted onto unsuspecting communities and future
generations. Meanwhile, in the 30 years since RCRA was enacted, the oil and gas industry has earned
hundreds of billions of dollars in profits.
In 2008, Exxon broke profit records by earning $11.7 billion in their second quarter alone. 286
According to CNN Money’s Global 500 287 Royal Dutch Shell’s annual net earnings were over $30 billion
in 2012. That same year, Exxon Mobil’s profits were over $41 billion, BP’s over $25 billion, Chevron’s
over $26 billion, ConocoPhillips’ over $12 billion. 288 These companies landed five of the top ten
positions in 2012 for most profitable corporations in the world, and together, they alone profited over
$137 billion dollars in a single year.
In 2011, these same companies earned over $80 billion. In 2010, their collective profits exceeded $63
billion, for a total of more than $280 billion dollars in just three years. Remember, API said it would cost
$45 billion to comply with waste regulations over 20-25 years.
In other words, the oil and gas industry could have afforded to treat hazardous waste as hazardous
more than 30 years ago--and they most certainly can now. Starting with these five major players, it is
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the industry itself that can and should set the bar for better environmental protection standards by
lobbying for the closure of federal loopholes, because they can afford to comply with the law. And while
it is true that hazardous waste regulations will have more impact on smaller players, the costs of
tracking, testing, and disposing of hazardous waste should be balanced by the marketplace, not by
stripping away the laws that protect us. The costs of proper waste management is simply the cost of
doing business, and should be guided by accountability, not dumped onto the American taxpayer in the
form of pollution and health impacts.
It is clear that the absence of federal hazardous waste standards for the oil and gas industry has created
many problems with mismanagement, evidenced by the growing list of pollution sites, lack of clear data,
the transport of waste across state lines to where permits are easier to procure, and the duplicate lack
of hazardous waste standards for oil and gas at the state level.
Whether by removing the RCRA loophole altogether, or adding requirements for the safe and
scientifically based tracking, monitoring, and disposal of potentially hazardous oil and gas waste to the
requirements of RCRA Subtitle D, it’s well past time that the United States regulate all hazardous wastes,
regardless of origin, according to what they really are – hazardous.
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Methods
Earthworks took the following steps to assess the policy and regulatory context and trends associated
with oil and gas waste:
•

Identification of key aspects of waste management and related challenges.

•

Review of laws and regulations related to waste management in California, Colorado, New
Mexico, New York, North Dakota, Ohio, Pennsylvania, Texas, and West Virginia, both generally
and with regard to the definition, storage, treatment, handling, and disposal of waste.

•

Review of research studies, reports, and other documentation related to the content,
management, and risks of different types of oil and gas waste.

•

Analysis of data availability and relevant gaps in reporting and tracking.

Much of the data referenced throughout the report were obtained through secondary sources.
However, figures in the tables and other sections that required original calculations are based on data
gathered and provided by state regulatory agencies. Because data often don’t exist or are not available
to the public, it was not possible to develop figures on several aspects of waste discussed in the report
or to consistently compare trends across all states (e.g., volumes and disposal method). In addition, any
available state data are self-reported by oil and gas operators, and could not be verified.
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