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Executive Summary
Oil and gas extraction activities, including fracking, drilling, and production,
can release radioactive materials that endanger workers, nearby communities,
and the environment. The United States has known about these dangers for at
least 30 years, ever since an EPA report revealed the health risks of unregulated
radioactive oil and gas waste. Since then, additional research has confirmed those
findings. Yet, even as oil and gas exploration and production have boomed across
the United States, the country continues to lack any federal regulations governing
the handling and disposal of radioactive waste and materials generated from
these activities, leaving Americans reliant on spotty and loophole-ridden state
oversight.
Every stage of oil and gas production can produce
what is known as “technologically enhanced naturally
occurring radioactive material,” or TENORM. During
drilling, radioactive elements are carried to the surface
via used drilling fluids and drill cuttings. During fracking,
radioactive elements mix with flowback fluid. And
radioactive elements are often present in the massive
volumes of wastewater produced by a working oil or gas
well. The U.S. oil and gas industry produced an estimated
one trillion gallons of this dangerous wastewater in 2017
alone.
Radioactive materials not only can contaminate oil and
gas compressors, pumps, pipes, and storage facilities,
creating a hazardous environment for workers, but also
can enter the environment through the mismanagement
of oil and gas waste. Waste can leak out of storage pits,
tanks, and landfills or spill during transportation. It is
sometimes purposely spread over land and mixed with the
soil in an industrial waste management practice known
as “land farming.” Wastewater may be used for dust
suppression or deicing roads. These practices deliberately
introduce millions of gallons of oil and gas wastewater
into the environment every year. In fact, a recent report
from the National Council on Radiation Protection and
Measurements concluded that the amount of oil- and gasgenerated TENORM released into the environment has
increased.
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If this TENORM is not adequately managed and disposed
of, it poses significant health threats to oil and gas
workers and their families and nearby residents, primarily
increasing the risk of cancer. Making the situation even
more dangerous, many oil and gas activities take place in
residential neighborhoods, in close proximity to homes,
schools, and playgrounds.
Despite the clear health risks, there are no dedicated
federal regulations to ensure comprehensive and safe
management of radioactive oil and gas materials. More
general regulations that might apply have loopholes that
render them meaningless. States have addressed some
federal regulatory gaps, but overall, state regulations are
inadequate to protect human health and the environment.
For example, a review of regulations in 12 major oiland gas-producing states found that 4 of the 12 have no
standards for the level of radioactive material in oil and
gas waste that can be accepted at landfills, only 3 require
monitoring of radioactive material in the wastewater that
leaches out of landfills, and 10 allow oil and gas wastewater
to be spread on roads for uses such as dust suppression or
deicing.
Compounding the problem, radioactive oil and gas wastes
are frequently transported across state lines as waste
haulers take advantage of the lack of consistent state
TENORM regulations to search for the cheapest or easiest
way to dispose of radioactive material. This means that
waste is transported through more communities over
longer distances than necessary, increasing the risks of
leaks or spills.

NRDC

For this report, NRDC reviewed TENORM in the oil and gas
industry, how it is released into the environment, and how
it is regulated (if at all) at the federal and state levels. Case
studies in Kentucky, North Dakota, Ohio, Pennsylvania, and
Wyoming were used to further illuminate the situation. On
the basis of this review, NRDC recommends the following
steps to protect communities and the environment from the
dangers of TENORM produced by the oil and gas industry:
Congress must close the gaps in our federal laws that
allow oil and gas companies to avoid complying with
radiation safeguards that apply to other industries.

n



n



States should have comprehensive, effective regulations
governing the activities of any industry that generates
radioactive material, including the oil and gas industry.
State regulations should include standards for worker
and site safety; reuse of site equipment and materials;
waste management, transfer, and disposal; monitoring
of surface, groundwater, and air emissions and other
environmental monitoring; adequate levels of financial
assurances; and abandoned wells.

Page 5

A HOT FRACKING MESS

n

Worker protections must include adequate initial and
refresher training on radiation safety and regulations for
every stage of the exploration and production process,
including calibration and use of radiation detection
instrumentation, use of protective clothing to reduce the
risk of transferring contamination, suitable respiratory
equipment to prevent inhalation of airborne radioactive
contaminants, and robust confinement of radioactive
materials to prevent release into the environment.


For decades, failure to adequately regulate TENORM
has allowed the oil and gas industry to produce large
quantities of potentially dangerous radioactive material and
indiscriminately release it into the environment—putting
public health and the environment at risk. Federal and state
regulations must ensure that this waste is safely managed,
stored, transported, and disposed of.

NRDC

Introduction
Radioactive elements are naturally present in many soils
and rock formations, as well as in the water that flows
through them. Oil and gas exploration and production
(E&P) activities can expose significant quantities of this
radioactive material to the environment.1 Drilling an oil
or gas well brings used drilling fluids and drill cuttings to
the surface. Fracking, which uses water, chemicals, and
proppant such as sand, used to keep fractures open, to
bore through underground rock, creates flowback fluid that
comes up to the surface and needs to be disposed of.
There are several differences between conventional
wells and fracked wells. The former are located in highly
permeable formations where oil and gas flow out easily,
while fracking takes place in “unconventional” oil and gas
wells, meaning they are in low-permeability formations,
also called tight formations. Also, conventional wells are
drilled only vertically, while unconventional wells, such as
those in shale or tight sandstone, may be drilled vertically
or horizontally. Unconventional wells may generate greater
volumes of waste, but both types generate waste that can
contain high levels of radioactive material.2

Throughout the oil and gas development process,
radioactive material can enter the environment both
accidentally and intentionally. During production,
equipment such as compressors, pumps, and pipes may be
exposed to radioactive material. The waste management
process also presents many opportunities for radiation to
be accidentally released, such as in spillage or leakage of
waste in transit or from the pits, tanks, or landfills where it
is stored. Additionally, wastewater and equipment may be
brought to facilities to be processed for reuse, sometimes
in other drilling or fracking operations. There are also
so-called beneficial reuse methods that intentionally
reintroduce radioactive material into the environment,
such as road spreading, where wastewater is sprayed
directly onto roads for dust suppression or deicing.
Another form of intentional reintroduction is the use of
so-called land farming, a waste-management approach in
which industrial waste, such as oil and gas drill cuttings, is
mixed with microbes that help break down contaminants
and then mixed with soil.

© Steven Rubin for Public Herald, CC-BY-NC-ND 4.0

A drilling rig as seen from the playground of nearby Summit Elementary School in Butler, Pennsylvania.
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The radioactive material unearthed during oil and gas E&P
is known as “naturally occurring radioactive material,”
or NORM. When it has been concentrated or exposed
to the environment by industrial activity, it’s called
“technologically enhanced” NORM, or TENORM. The fact
that the oil and gas industry produces TENORM isn’t a new
problem; it was documented in a 1987 U.S. Environmental
Protection Agency (EPA) report to Congress, The
Management of Wastes From the Exploration, Development,
and Production of Crude Oil, Natural Gas, and Geothermal
Energy. In that report, the EPA revealed that radioactive
materials, such as cancer-causing radium, had been found
in wastewater from the oil and gas industry. Its analysis
detected radium-226 in wastewater at levels up to 395
picocuries per liter (pCi/l) and radium-228 at levels up to
570 pCi/l.3 The EPA’s maximum contaminant level standard
for combined radium-226 and radium-228 in drinking water
is only 5 picocuries/liter.4
On December 3, 1990, the front page of The New York Times
declared, “Radiation Danger Found in Oilfields Across
the Nation.”5 The newspaper reported that there were
no federal regulations dealing with “oilfield radiation,”
despite the fact that “radium has been found in every oilproducing region in the country, from Alaska to Florida.” It
detailed incidents in which old, contaminated oilfield pipes
were used in playground equipment and to train welding
students. A lawsuit had even been filed against Chevron and
Shell for not warning workers at a pipe-cleaning yard about
the radiation levels in used pipes.6
But awareness has not led to action. In 2018, the
Association of State and Territorial Solid Waste
Management Officials reported that “the oil and gas
production industries are historically known as the major
generators of TENORM waste” and that “it is expected that
the volumes of high activity TENORM waste generated will
increase in the future.”7 Yet the organization concluded
that such wastes continue to be generally unregulated and
that, due to the lack of either federal or state regulations
for many radioactive materials, generators are often not
required to dispose of this material in a specific manner.

In the 30 years since the 1990 New York Times article,
oil and gas E&P in the United States has seen massive
growth, only increasing the amount of dangerous TENORM
produced by the industry. From 1990 to 2019, the volume of
crude oil produced in this country increased by 67 percent,
and natural gas production increased by 90 percent.8 At the
end of 2018, the United States was home to approximately
one million active oil and gas wells—all generating waste.9
The domestic oil and gas industry created an estimated one
trillion gallons of produced water, wastewater generated
during production, in 2017 alone.10
Yet there are still no specific federal regulations to ensure
comprehensive and safe management of radioactive oil and
gas materials, including waste. To the contrary, the federal
regulatory structure pertaining to radiation risk in the oil
and gas industry continues to be riddled with loopholes.
Some states have established rules to address gaps in
federal regulations, but no state has adequately protected
health and the environment from this dangerous material
(Appendix A).
Research has found that radioactive materials present
significant health risks, including the risk of lung cancer
and other forms of cancer. Despite this danger, many oil
and gas activities take place in residential neighborhoods,
near homes, schools, and playgrounds.11 In some cases the
impacted environment can never be restored to its previous
condition.12 Moreover, oil and gas waste with known
radioactive material is frequently transported across state
lines throughout the United States as waste haulers search
for the cheapest or easiest way to dispose of this dangerous
material, putting countless additional communities at risk
of exposure.13 And then there are risks to the workers
themselves. Research has found that these radioactive
materials “pose significant risks to a large number of
people involved in the oil and gas industry.”14
We cannot continue to ignore this threat and sweep
these dangers under the rug. Congress must close federal
regulatory gaps and introduce real safety standards for the
disposal and handling of radioactive gas and oil waste.

THE TROUBLE WITH DEFINING NORM AND TENORM
NORM and TENORM are defined differently by different parties, including federal and state regulators. In this report we use the definitions of
the EPA.”15
The EPA defines NORM as “materials which may contain any of the primordial radionuclides or radioactive elements as they occur in nature,
such as radium, uranium, thorium, potassium, and their radioactive decay products, such as radium and radon, that are undisturbed as a
result of human activities.” And it defines TENORM as “naturally occurring radioactive materials that have been concentrated or exposed to the
accessible environment as a result of human activities such as manufacturing, mineral extraction, or water processing.”
Some states use a narrower definition of TENORM than the EPA does, one that considers increased concentration but not the potential for
human exposure to radioactive materials. This difference in definitions makes effective TENORM regulation challenging. In addition, the EPA
definition is given only as “guidance,” a government directive that is not enforceable in the same way as regulations.
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Radiation From Oil and Gas Waste Threatens
Human Health
Exposure to radium-226 and radium-228, both present in
many forms of oil and gas waste, can cause cancer.16 Studies
from the early 1900s indicate that chronic exposure to
radium can induce bone sarcomas, cancers that originate in
bones and connective tissue. Radium also decays into radon
isotopes, which can attach themselves to dust and, when
inhaled, deposit radiation in lungs and cause lung cancer.
In fact, radon is the second-leading cause of lung cancer
in the United States.17 Radon decay products, including
lead-210 and polonium-210, are also present in high levels
in gas handling equipment and can further contribute to
cancer risk.18 Scientists are also currently investigating
the potential non-cancer health effects of radioactive
particles.19
Radioactive elements naturally exist in the environment
around us, at low and generally unharmful levels. These
elements, which include cosmic radiation from the sun and
stars, terrestrial radiation from the earth, and internal
radiation that exists in all living things, are often referred
to as natural background radiation, which is another
name for NORM.20 Most NORM, and even most TENORM,
contains only trace amounts of radioactivity and are part of
our everyday landscape.

Underground oil and gas reservoirs, however, often contain
elevated levels of NORM in comparison with that found
aboveground, mostly in the uranium-238 and thorium-232
natural decay series.21 In fact, high concentrations of
radium and radon—which are produced by uranium and
thorium—can act as an environmental marker of oil- and
gas-rich reserves and are often used to guide drilling
operations.
Once drilling begins, NORM that would have otherwise
been confined beneath the surface of the earth can be
released into the air, onto land, or into surface water
or groundwater and can become concentrated, lead to
environmental contamination, and accumulate in people’s
bodies.22 Recent research that analyzed air samples
downwind from more than 150,000 unconventional oil
and gas wells across the country found elevated levels of
airborne radioactive particles that could induce adverse
health effects in nearby residents.23 Scientists have also
found statistically significant correlations between radon
levels inside homes and proximity to fracked shale gas
wells in Ohio and Pennsylvania.24

© Ted Auch/FracTracker, CC-BY-NC-ND 4.0

An aerial view of a frack pad site in Jefferson County, Ohio, in November 2020.
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As mentioned above, TENORM produced by oil and gas
E&P may contain a wide variety of radioactive materials.
The health dangers they pose depend entirely on exposure
levels.25 If properly disposed of, oil and gas waste can pose
little risk to the general public or workers. For example,
modeling by Argonne National Laboratory found that
workers exposed to average TENORM concentrations using
personal protective equipment (PPE) would likely receive
an annual dose less than the recommended limit of 100
millirem per year.26 However, equipment-cleaning workers
exposed to potential maximum radionuclide concentrations
of TENORM from the waste stream—as is possible under
current regulations—could receive an annual dose higher
than 100 millirem per year even if PPE is properly used.
The oil and gas industry has known about the health risks
to those working with radioactive materials in oil and gas
waste since the 1980s.27 Workers (or their survivors) have
sued oil and gas companies under state tort law, alleging
that through jobs such as pipe cleaning, pipe maintenance,
and yard maintenance, they were unknowingly exposed
to radioactive oil field waste materials that resulted in,
caused, or contributed to the development of various
illnesses and deaths.28
In expert testimony submitted in one lawsuit, scientists
assessed the radiation exposures of 33 oil and gas workers.
Of the 33 plaintiffs, 31 were diagnosed with cancer and
two were diagnosed with diseases that often precede a

cancer diagnosis. The experts concluded that the workers
were regularly exposed to radioactive material without
proper protection and that the diagnosis in each case
was “a consequence of their occupational exposures to
radiation.”29
Moreover, improper disposal of oil and gas E&P waste can
spread exposure far beyond an oil and gas site.30 Without
proper regulation of this waste, unsafe management and
disposal practices will persist, workers will continue
to be exposed to radiation, and Americans across the
country will continue to face health risks from unregulated
radioactive material.

GLOSSARY OF RADIOLOGICAL TERMS
Radiological terms can sound similar but mean different things.
Radioactive material or radionuclide: Material that emits radiation.
Radiation: Energy that is released from atoms during radioactivity
in the form of subatomic particles or photons. It travels through
the air and can penetrate certain materials. Radiation can lead to
changes in living cells and is potentially harmful if not managed
correctly.
Radioactivity: A process by which the nuclei of unstable atoms
spontaneously transform into the nuclei of more stable elements—
also known as radioactive decay.31

NORTH DAKOTA: DUMPING OF RADIOACTIVE FILTER SOCKS
In 2014, federal and state officials in North Dakota found radioactive “filter socks” that had been illegally dumped at sites around the state.
Filter socks, shaped like large tube socks, are used during wastewater treatment to strain out solids, such as fracking proppant. Investigators
found thousands of pounds of these filter socks in leaking trailers outside Watford City.32 At another site, in the town of Noonan, county
officials found hundreds of plastic bags stuffed with used radioactive filter socks filling six rooms of an abandoned gas station.33 State officials
estimated that the North Dakota oil and gas industry generated as much as 70 tons of used filter socks each day, and these could contain large
amounts of radioactive material.34

© Unedited Media/Dakota Resource Council
via Flickr, CC-BY-NC-ND 4.0

The North Dakota Health Department published new TENORM rules in 2016 that changed landfill regulations to deter illegal dumping, limit the
amount of waste that a facility can accept each year, and set standards for the depth of underground burial.35 Additionally, the North Dakota
Industrial Commission now requires oil and gas operators using filters
or filter socks to have a leakproof covered container on each well pad
and at each Underground Injection Control disposal well site to store
the filters and socks until they are transported off-site.36 These are
steps forward but are not sufficient to provide the levels of protection
that are needed.
Unfortunately, concerns about radioactive contamination in North
Dakota are not limited to filter socks; samples taken at oil and gas
wastewater spill sites in the Bakken region detected elevated total
radium in soil and water.37 And these new rules might just export the
problem to other states. For example, a landfill near the Columbia
River in Oregon accepted two million pounds of radioactive fracking
waste from North Dakota from 2016 to 2019—in violation of Oregon
state rules.38
Used filter socks among other debris at a fracking site in North Dakota.
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Federal Regulatory Gaps Result in Improper
Disposal of Radioactive Materials
As mentioned above, the risks of oil and gas waste extend
far beyond workers and into surrounding communities.
The Conference of Radiation Control Program Directors,
an association of state and local radiation control
professionals, has concluded that “no federal regulations
explicitly govern the management and disposal of TENORM
associated with the oil and gas industry.”39 Unfortunately,
without adequate regulations, there is scant industry
monitoring data or information about violations, so the full
scope of health impacts facing nearby residents or workers
from TENORM exposure remains unclear.
The best federal guidance we have is nonbinding, issued by
the EPA in 2003, which recommends taking three steps if
a site is suspected of having radioactive materials above
background levels resulting from human activities:

1.	EPA staff should be contacted to help determine next
steps for site surveys, field sampling, and monitoring.
2.	Worker exposure should be avoided.
3.	Cleanup, waste management, and post-closure decisions
should take into account radioactive contamination.40
While this should technically apply to TENORM at oil and
gas production sites, there is no evidence that this process
has ever been followed in the oil and gas industry. At the
same time, our bedrock federal environmental, health,
and safety laws have gaping loopholes and exemptions
that allow radioactive oil and gas materials to go virtually
unregulated. States have instituted some of their own
policies, but they vary greatly.41 Below, we discuss the gaps
in key federal laws and the resulting inadequate regulatory
scheme.

RADIATION IN WASTE PRODUCED BY OIL AND GAS E&P
Oil and gas E&P produces massive amounts of waste, which can contain radioactive materials and man-made chemical additives. Techniques
used in the industry for storing, handling, or disposing of waste include storage in open-air pits, evaporation into the air, removal to landfills,
underground injection, flaring, so-called land farming (spreading over land and mixing with soil to encourage breakdown by microbes),
discharge into rivers or streams, reuse of wastewater in drilling or fracking, recycling of wastewater for deicing or suppressing dust on roads,
agricultural uses, or recycling of metal materials like used pipe into other metal products. It may be transported by pipeline, rail, barge, or
truck.42
These are the most common kinds of waste:
Drill cuttings (bit cuttings): Underground rock and associated material brought to the surface by drilling. The volume of drill cuttings produced
from each well is primarily a function of the depth and length of the well and the diameter of the well bore.43 When drilling a well, a large
proportion of cuttings come from higher-radioactivity oil and gas formations.44 The EPA estimated that 33.5 million barrels of drill cuttings
weighing 7.5 million tons were generated nationwide in 2016 alone, although the agency acknowledged that this “may underestimate waste
volumes to some degree.”45 These drill cuttings may be taken to a landfill, buried on a well pad, disposed of via land farming, or dealt with in
other ways.
Flowback: Mix of gases and fluids that return to the surface after fracking, a process that uses hydraulic fracturing fluids and proppant to
blast through an oil and gas well and into the targeted formation at high pressure. Proppant is sand or similar material, sometimes coated with
chemicals, that props open the fractures created by the fracking process. Fracking releases radium from the formation into the flowback, and
therefore flowback can contain elevated radioactive elements.46 Flowback is collected at the surface and often injected underground into a
disposal well. Alternatively, it may be recycled for use in other fracking operations, a growing practice that may result in fluids becoming more
radioactive with each progressive use.47
Wastewater (produced water, brine, production water): Once a well is put into production, it generates not only oil and gas but also wastewater
that is brought to the surface throughout a well’s productive life, which can last for decades. It is collected on site and then disposed of on-site
or transported off-site for disposal or reuse.48 This so-called produced water typically has a high concentration of TENORM as well as total
dissolved solids, salt, and potentially other contaminants such as heavy metals, hydrocarbons, and volatile organic compounds, all of which can
be very harmful to groundwater, surface water, or soil.49
Contaminated equipment (pipes, filter socks, pit liners, etc.): Equipment that is exposed to radioactive materials over time.
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RADIATION IN WASTE PRODUCED BY OIL AND GAS E&P Continued
© Mevedech via Wikimedia Commons

Scale: A mineral deposit that can accumulate on the inside of pipes and casings used in oil and
gas wells. Scale in enough quantities can restrict or stop the flow of oil or gas, so the removal
of scale is a common and necessary practice in the oil and gas industry, and it exposes workers
to any radioactivity present in the scale. Depending on state regulations, scale may be disposed
of at a landfill, buried on-site, injected underground into a disposal well, or handled in other
ways. The use of scale inhibitors in unconventional oil and gas production has led to lower
accumulations of scale, but this only transfers the problem to other media (e.g., produced
water).50

A cross-section of a heat exchanger tube with a
thick layer of limescale build-up on the inner wall.

Sludge: Sludge is the mix of oil or other liquid hydrocarbons, dirt or sand, sediment, and residue
that’s left on the bottoms of storage tanks. Although the concentration of radiation is lower in
sludges than in scales, sludges are more soluble and, therefore, more readily released to the
environment. As a result, they pose a higher risk of exposure to maintenance workers from
fumes and radon in confined spaces. Sludge may be disposed of in an underground injection
well, spread on land, or disposed of on-site.

Residual treatment waste: The oil and gas industry sometimes processes, treats, or recycles its waste in order to reuse of some of the
materials.51 However, treatment can result in more concentrated radioactive waste. When wastewater is treated, for example, the solids are
filtered out and dried; they then may be packed into bricks or cakes before being transported elsewhere for disposal. These cakes are extremely
concentrated wastes. The treatment facilities that produce them have been called “enrichment factories for the radioactive element.”52
Pigging wastes: Scale and sludge generated when the interiors of pipelines are cleaned of residue by equipment known as pigging devices.
These wastes can contain dangerous levels of radioactive material.53

THE RCRA GAP

The Resource Conservation and Recovery Act (RCRA)
was enacted in 1976 to establish comprehensive national
standards for waste management.54 Subtitle C of RCRA
contains requirements for “hazardous waste”—waste
that can cause or significantly contribute to an increase in
mortality or serious irreversible illness or can otherwise
pose a substantial hazard to human health or the
environment when improperly treated, stored, transported,
disposed of, or otherwise managed.55 In 1980, Congress
amended RCRA to temporarily exempt most wastes
associated with oil and gas E&P from these hazardous
waste regulations, pending the completion of an EPA
study.56
The EPA completed the study in 1988. It found that
E&P wastes contain toxic substances— some of them at
high levels—that endanger both human health and the
environment. Uranium, for instance, was detected at “levels
that exceed 100 times EPA’s health-based standards.”57
Nevertheless, the agency issued a determination that
federal regulation of E&P wastes under Subtitle C,
including any radioactive waste, was unwarranted.58 An
EPA employee at the time said that this decision was based
on “solely political reasons” and that “politics overrode
science.”59 The decision continues to stand today. No E&P
waste is subject to federal hazardous waste regulations,
regardless of how toxic it may be.
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Subtitle D of RCRA regulates “solid wastes,” generally
waste that is not hazardous.60 Even if oil and gas wastes
are not subject to Subtitle C for hazardous waste, they
should be regulated under Subtitle D. However, there are
no specific solid waste regulations for oil and gas wastes.
In 2016, NRDC and partner organizations filed a federal
lawsuit against the EPA, calling for the agency to revise
the RCRA Subtitle D regulations and stop oil and gas
companies from handling and disposing of drilling and
fracking wastes in ways that threaten public health and
the environment.61 EPA concluded that no revisions to its
regulations were necessary.62
Closing the oil and gas gaps in Subtitles C and D would
be a big step forward, but that would not be enough to
ensure safer management of E&P radioactive waste,
because the EPA’s current definition of toxicity does not
cover radioactive material. RCRA (and the corresponding
exemption in the Atomic Energy Act; see below) needs to
be changed to include radioactivity in its criteria for what
makes a material hazardous.
While the EPA has stated that it expected state regulators
to fill the gaps left by its decisions to exempt oil and gas
E&P wastes from RCRA regulations, these decisions have
only resulted in a patchwork of regulations nationwide
that is not adequate to protect public health and the
environment.

NRDC

© Marcellus Protest via Flickr, CC-BY 4.0

An aerial view of frack ponds.

THE ATOMIC ENERGY ACT GAP

The Atomic Energy Act (AEA), passed in 1946 amid post–
World War II national security concerns, is considered
the foundational U.S. law regulating radioactive materials.
It sets standards for their possession, development, use,
disposal, and decommissioning.63 The AEA is concerned
with the fission process and nuclear fuel used at nuclear
power plants as well as certain other defined types of
radioactive materials—including low-level waste, source
material, special nuclear material, and their by-products.
The statute, however, does not cover all radioactive
materials. It ignores NORM entirely and does not capture
most TENORM, including that produced by the oil and gas
industry.
The Nuclear Regulatory Commission (NRC) has
issued regulations to implement the AEA, but these
regulations consider only two forms of TENORM to be
source material—uranium and thorium—and exempts
“unimportant quantities” of these two elements from
regulation. Anything under 0.05 percent of weight is
considered an unimportant quantity, thereby exempting
typical oil and gas waste even though it is known that small
amounts can accumulate dangerously over time.64

THE TRUCKING GAP

Oil and gas waste is often transported to treatment
facilities or to disposal sites such as landfills and injection
well sites. This transport may take place by truck, barge, or
rail. The NRC and the U.S. Department of Transportation
(DOT) co-regulate the transport of radioactive material.65
These agencies have established rules to maintain safe
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transport and management of radioactive material and to
reduce exposure in case of an accident. However, because
radioactive waste from E&P is not regulated by the NRC or
under RCRA’s protective requirements for transporters,
it is exempt from key NRC rules for the transportation of
hazardous material that apply to other industries.66
TENORM generated by oil and gas drilling and fracking
processes is subject to the DOT’s Hazardous Materials
Regulations, but only if the concentration of radioactive
materials in the oil and gas waste exceeds regulatory
thresholds.67 These thresholds are high; they were designed
to protect people exposed to an accidental large release of
radioactive material. They were not designed to protect
truck drivers or others who work in close contact with
lower-level radioactive materials on a frequent basis, such
as happens in oil and gas production.
One truck driver in the Marcellus region reported having
hauled produced water for years without receiving from
his employer any information on its potential radioactivity
or proper protective equipment to shield him from
exposure to radioactive material. Concerned, he brought
11 samples of the wastewater in his truck to the Center
for Environmental Research and Education at Duquesne
University. Testing found four samples that had combined
radium levels above 3,500 pCi/l, and one over 8,500 pCi/l.68
Yet oil and gas industry truck drivers are not considered
radiation workers under the law, and there are no limits
or regulations regarding their exposure to radioactive
wastewater. This exposure can be potentially dangerous if
drivers are not trained as radiation workers and properly
protected.
NRDC

WYOMING: UNSAFE WASTEWATER DISPOSAL
Scientists studied sediments from six sites in Wyoming where oil
and gas operators were permitted to discharge their wastewater
into streams. Their analyses found radium levels ranging from
5.4 to 97.2 picocuries per gram (pCi/g).69 At one site, they found
elevated radium levels more than 30 kilometers downstream of
where the wastewater was discharged, in sediment as deep as 30
centimeters. These levels are dangerous, exceeding the standard
of 5 pCi/g of total radium established by the EPA as a protective
health-based level for contamination cleanup.70 The researchers
estimated that only 5 percent of the total annual radium
discharge is retained in stream sediments within 100 meters of
the discharges; the rest is transported farther downstream. This
is a troubling indication of how far TENORM radiation released
at a specific site can travel into the surrounding community and
environment.

THE OSHA GAP

The Occupational Safety and Health Administration (OSHA)
sets and enforces standards to ensure safe and healthy
working conditions in most states, while some states
operate their own OSHA-approved program. OSHA has set
standards for protecting workers from ionizing radiation—
the type generated by NORM or TENORM.71 However,
these standards are based on scientists’ understanding
of radiation from the 1970s and are not consistent with
updated radiation protection regulations issued by other
federal agencies (e.g., NRC and the U.S. Department of
Energy).72 In 2005, OSHA began a fact-finding process on
occupational exposure to ionizing radiation and requested
input from the public to help it determine if its standards
need to be updated, but the agency has yet to revise its
outdated rules.73

THE CLEAN WATER ACT GAP

The oil and gas industry produces massive amounts of
wastewater each year. An estimated one trillion gallons
were generated in the United States in 2017 alone, including
tens of billions of gallons from offshore wells.74 Offshore,
close to all, if not all, produced water is discharged into
the ocean after some treatment. The majority of onshore
produced water is injected underground, but some is
regularly discharged into surface waters, such as rivers
and streams. In 2017, an estimated 5.5 percent of onshore
wastewater, or 55 billion gallons, ended up in U.S. surface
waters.
The Clean Water Act is the federal law that protects
the integrity of our surface waters, both onshore and
offshore, and restricts water pollution.75 Yet this law allows
significant amounts of oil and gas wastes to be discharged
to surface waters, and the limits on pollutants are not
adequate to fully protect human health. In federal offshore
waters (more than 3 nautical miles offshore), federal
water quality standards do not limit elements of NORM or
TENORM. In addition to produced water, they also allow
other wastes, including some drill cuttings and water-based
drilling fluids, to be discharged into the ocean.76
Onshore, or in state-managed territorial waters, some
states have water quality standards that differ from the
federal standards and may allow discharges into oceans,
rivers, or streams without any standards for NORM or
TENORM. Produced water from conventional oil and gas
wells may also be sent to a publicly owned water treatment
facility or a centralized wastewater treatment plant before
being discharged into surface waters, but the treatment at
these facilities may not remove NORM or TENORM.77

PENNSYLVANIA: DANGEROUS WASTE DISPOSAL PRACTICES
In recent years, scientists have found high levels of radioactive material linked to oil and gas waste in Pennsylvania waterways. One study
examined sediment from two locations in Conemaugh River Lake; one sample site was 6 miles downstream from a centralized waste treatment
plant that accepts oil and gas wastewater, and the second site was 12 miles downstream from a different plant. The scientists found strontium
and radium that matched the geochemical signatures of oil and gas wastewater.78 The lake is used for recreation, including fishing and swimming.
Another study found high levels of radium-226 and radium-228 in sediment from the Allegheny River, Blacklick Creek, and McKee Run,
downstream from centralized waste treatment facilities that accept oil and gas E&P waste.79 These radium levels were up to 650 times the levels
in the water upstream of the treatment plants. Pennsylvania had formally asked companies to stop disposing of oil and gas wastewater from
unconventional formations in these wastewater treatment plants in 2011, but disposal of wastewater from conventional operations continues to
be allowed.80 Researchers were able to date the radium found in this study to a time after 2011, making it clear that the limited restrictions on
wastewater disposal are not enough to protect Pennsylvanians’ health.81
In another case, fluid leaching out of a landfill that accepts oil and gas waste, known as leachate, was being sent to a wastewater treatment plant
that was not able to filter out all the radioactive material. The wastewater treatment plant was discharging water that exceeded the safe drinking
water standard for radioactive material into the Monongahela River, less than a mile upriver from a community drinking water source.82
Pennsylvania also allows oil and gas wastewater to be spread on roads, mostly in the summer months for dust suppression on dirt or gravel
roads in the western part of the state. An average of more than 130 million liters were spread on Pennsylvania roads each year from 2008 to
2014. Scientists tested wastewater in tanks used for road spreading and found a median radioactivity level of 1,230 pCi/l, well above the federal
standard for safe drinking water of 5 pCi/l.83 They simulated rainfall on roads treated with oil and gas wastewater and found that about half of the
radium in the wastewater was carried by rain off the road.
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THE SAFE DRINKING WATER ACT GAP

The Safe Drinking Water Act (SDWA) was enacted to
protect drinking water sources from both naturally
occurring and man-made contaminants.84 Within the
SDWA, the Underground Injection Control (UIC) program
protects current and future underground sources of
drinking water from the underground injection of
hazardous and nonhazardous materials, including
wastewater.85 The program established standards for six
classes of injection or disposal wells, each intended to
handle different types of material. Class I and Class IV
wells are the most tightly regulated, since they are designed
for the injection of hazardous wastes and radioactive
wastes, respectively.
Oil and gas waste, however, is permitted into Class II wells,
which have weaker standards than either Class I or Class
IV wells. Because of the exceptions in RCRA’s hazardous
waste provisions and the Atomic Energy Act, described
above, oil and gas waste can be injected into these less
protective Class II wells for permanent disposal regardless
of its characteristics, increasing the risk of contaminating
underground sources of drinking water. And the oil and
gas industry takes advantage of this loophole, injecting
massive amounts of waste, including fracking flowback,
underground.
While the injection of wastewater into waste disposal
wells is at least covered by SDWA’s weaker UIC Class
II regulations, the actual act of fracking, which not
only injects fluids underground but also blasts apart
underground formations to disperse them, is not covered
by the UIC program. In 2005, Congress exempted fracking
from regulation under this critical program, unless diesel
is used in the fracking fluid, even though fracking itself can
potentially release contaminants like radioactive material
into drinking water sources.86

THE CLEAN AIR ACT GAP

The Clean Air Act (CAA) was enacted to control air
pollution and promote clean air quality. Within the CAA,
the National Emission Standards for Hazardous Air
Pollutants (NESHAP) establish limits on the discharge of
187 hazardous air pollutants (HAPs) known to be toxic,
including radioactive materials such as radon.87 Such limits
apply either to individual emitting sources or, for most
industries, to multiple aggregated small sources of toxic
air pollution that are under common control and grouped
together in close proximity to perform similar functions.
In 1990, however, Congress exempted oil and gas wells
and associated pump and compressor stations from the
limits on aggregated emissions from smaller sources.88
Congress allowed EPA the option of regulating individual
small E&P facilities like wells and pits if they are within
a metropolitan area with a population greater than one
million, but the EPA has never done so, even though
thousands of these wells exist in metropolitan areas such
as Los Angeles, Pittsburgh, Houston, and Denver.89

FEDERAL GAPS MUST BE CLOSED

For decades the oil and gas industry has exploited gaps in
essential federal environmental laws and polluted clean
air, clean water, and other important natural resources in
ways that other industries have not. Our failure to regulate
NORM and TENORM has allowed the oil and gas industry
to generate significant amounts of potentially dangerous
radioactive material that is not safely managed, stored,
transported, or disposed of. We must do better to protect
human health and the environment.

KENTUCKY: RADIOACTIVE OIL AND GAS WASTE
In 1988, used pipes from the Martha Oil Field operated by Ashland Oil, Inc., near the hamlet of Martha, Kentucky, triggered a radiation detector
at a local junkyard.90 This kicked off decades of health concerns in the community, investigations, cleanup efforts, and lawsuits. Radioactive
waste including sludge and wastewater had been released throughout the area, including on private property. Waste pits had not been lined,
and oil field wastewater had even been disposed of in a local creek.91
In the 1990s, scientists investigated a working farm with cattle and crops in the Martha area, finding tanks containing sediment, waste pits with
sludge, and abandoned metal pipes. Detecting high concentrations of TENORM in soil and water samples from the farm, they concluded that
“the soil and pipe will remain radioactive for many thousands of years” and that future farmers or residents will likely be exposed.92
An expert study issued in 2008 analyzed soil and drinking water samples from homes in the community. Out of 29 water samples, 10 had
elevated levels of radionuclides, and out of 28 soil samples, 19 were similarly tainted. On the basis of their research, the experts concluded
that the elevated levels of radium-226 and radium-228 in well water “[arose] from oil field operations.” Although most homes in the study
had stopped using their well water in the 1980s, the scientists found that the lifetime exposure of some residents to the oil field radioactive
materials “increase[d] the likelihood that cancer and non-cancer diseases may occur.”93
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In the Absence of Federal Regulations, States Have
Not Stepped Up
Federal agencies left room for states to fill in some of
these regulatory gaps and manage radioactive oil and
gas waste within their borders. Unfortunately, state
regulations are largely inadequate as well, leaving
TENORM often unregulated. Additionally, because these
directives are often extremely technical and may be issued
by multiple state agencies (e.g., health, environment, or
natural resources departments or dedicated oil and gas
commissions), it can be difficult for all stakeholders to fully
comprehend what regulations do exist.94
This is concerning even in states without oil and gas
production because waste that contains radioactive
material is regularly transported across state lines. For
example, in 2016 residents of Irvine, Kentucky, learned
that a local landfill had been illegally accepting radioactive
fracking wastes from treatment facilities in neighboring
West Virginia and Ohio, including filter socks and residual
wastes, in violation of an agreement with the community.
This landfill is located within a few hundred feet of the
local middle and high schools.95
NRDC and Fair Shake Environmental Legal Services
conducted an analysis of the regulations for radioactivity
in oil and gas waste in the 12 largest oil- and gas-producing
states in the country: Alaska, California, Colorado,
Louisiana, New Mexico, North Dakota, Ohio, Oklahoma,
Pennsylvania, Texas, West Virginia, and Wyoming. The
findings, detailed in Appendix A, include the following:
All 12 states allow oil and gas waste to be disposed of in
landfills, and 4 have no limits for levels of radioactivity
in landfill waste.

n



n



n

Only 3 states require the monitoring of landfill leachate
for radioactive materials. Leachate, a liquid waste
product created as rain or other water seeps through the
landfill contents, can eventually reach groundwater or
surface water.
Ten states allow oil and gas wastewater to be spread
on roads for uses such as dust suppression or deicing;
only 3 of those have standards for acceptable levels of
radioactive materials for this practice.


Most of the states allow oil and gas wastewater to be
discharged to surface waters such as rivers and streams;
Discharges are subject to state water quality standards,
yet only 4 states have standards for radioactive
materials. Discharge is also permitted offshore, including
coastal waters and territorial seas, for example in the
Gulf of Mexico and off Alaska and California.96
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Nine states allow wastewater to be used in some form
of land application, a category that includes irrigation,
spraying onto land, land farming, and road building.
Only 3 have radioactive material standards for these
practices.
All 12 states allow oil and gas waste to be buried on well
pads, but only 1 has radioactive material limits for this
practice.

These findings are consistent with other reports on state
regulations. For example, a 2019 EPA study of the 28
top oil- and gas-producing states—representing more
than 99 percent of annual U.S oil and gas production by
volume—found that state regulations for radioactivity are
“fragmented” and vary widely from state to state.97 The
EPA found that 6 states do not address radioactivity at all
in their regulations and only 10 states have regulations for
radioactivity that are specific to oil and gas E&P.
Additionally, a 2015 report from the Conference of
Radiation Control Program Directors found that only 16
states have existing radiation protection regulations for the
management and disposal of TENORM.98 And a LawAtlas
study found only 16 states with TENORM limits for oil and
gas wastes and only 5 states that have provisions for the
protection of oil and gas workers regarding TENORM or
NORM.99
With both the federal government and state governments
declining to adequately regulate the radioactive material
in oil and gas waste, industry is often free to release this
waste into surrounding communities, endangering human
health and the environment with impunity.

DEICING WITH RADIOACTIVE WASTEWATER IN OHIO
In 2017 the Ohio Division of Oil and Gas Resources Management commissioned an analysis of the radioactive content of AquaSalina, a
commercial road deicing product used in Ohio and made from oil and gas wastewater. The study analyzed samples of the wastewater used
to make AquaSalina as well as samples of the finished product and found that its average radioactivity exceeded federal drinking water
standards for combined radium-226 and radium-228 “by a factor of 300.” It also exceeded Ohio’s standards for discharging radium-226 and
radium-228 wastewater into rivers or streams.100 State newspapers reported that AquaSalina had been spread on roads across the state by
Ohio Department of Transportation snowplows “for years.” Rather than using this information to tighten regulations, the Ohio state legislature
considered legislation that would further weaken the rules for reusing oil and gas wastewater in commercial products.101 While the legislation
did not pass, it may be reconsidered in the future. Meanwhile, Ohio used one million gallons of AquaSalina in the winter of 2017–2018 and more
than 600,000 gallons from September 2018 to early February 2019.102

Recommendations
Oil and gas E&P generates massive amounts of waste.
Inadequate regulations for management and disposal of this
waste expose Americans to potentially harmful radioactive
material. Despite this clear danger, the federal government
has allowed the industry to avoid meaningful regulation,
and states have not stepped up to fill the gaps in federal
oversight. To protect public health and communities from
the dangers of NORM and TENORM:
1.	Congress must close the oil and gas gaps in our federal
laws so that oil and gas companies have to comply with
the same laws that apply to other industries. Legislation
should also establish a uniform definition of NORM and
TENORM and create a cradle-to-grave statutory and
regulatory framework for managing radioactive oil and
gas material to best minimize harms to human health and
the environment.
2.	States should have comprehensive, state-of-the-art,
protective regulations for the radioactive material
generated by the oil and gas industry. The Conference
of Radiation Control Program Directors has developed
suggested state regulations for control of TENORM that
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can be used a starting point.103 State regulations should
include standards for worker exposure, monitoring,
and right to know; worker training; site monitoring of
surface, groundwater, and air emissions; site safety
including postings, labeling, and equipment surveys;
baseline surveys of land and water; site cleanup
and reuse; data collection and recordkeeping; waste
management, transfer, and disposal; reporting of spills
and other releases; site access; enforcement authority;
financial assurances; abandoned wells; and more.
3.	Industry should be required to provide baseline
worker protections including adequate formal training
on radiation safety so workers understand hazards
associated with TENORM and how to avoid and prevent
them. Also, workplace standards should be established
to protect workers from harm, including mandated use
of protective clothing to reduce the risk of transferring
contamination and suitable respiratory protective
equipment to prevent inhalation of any likely airborne
radioactive contamination. Standards should also be set
for the confinement of NORM or TENORM to prevent
release into the environment.104
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Appendix A: State Regulations for Radioactive Material in Oil and Gas
Exploration and Production
Accepted at solid
waste landfills?

Standards for
leachate from
landfills?
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AK

CA

CO105

LA106

NM107

ND108

OH109

OK110

PA111

TX112

WV113

WY114

Yes, landfills
can accept
concentrations less
than or equal to
5 pCi/g of Ra-226
plus Ra-228.
Facilities may be
licensed to accept
higher levels.115

Yes, landfills can
accept drilling
waste.116 No specific
limitations for
TENORM.

Yes, landfills
can accept
concentrations
not in excess of 50
pCi/g each in dry
weight of Ra-226,
Ra-228, Lead-210,
and Polonium-210,
excluding natural
background.117 One
landfill is licensed
to accept higher
levels.118

Yes, landfills
can accept
concentrations
not exceeding 30
pCi/g of Ra-226 or
Ra-228.119 Facilities
may be licensed to
accept TENORM not
exceeding 200 pCi/g
of Ra-226 or Ra-228
and daughter
products.120

Yes, landfills
can accept
concentrations of
30 pCi/g or less
of Ra-226 above
background, or
150 pCi/g or less
of any other NORM
radionuclide above
background.121
Higher levels can
be permitted with
approval.122

Yes, landfills can
accept up to, but
not exceeding, 50.0
pCi/g of Ra-226 plus
Ra-228; must not
exceed 25,000 tons
per year or 3,000
tons per month.123

Yes, landfills
can accept
concentrations less
than 5 pCi/g above
natural background
of Ra-226, Ra-228,
or any combination
of Ra-226 and Ra228.124 Drill cuttings
are excluded from
the definition of
TENORM.125

Yes, landfills
can accept. No
standards for
TENORM.126

Yes, landfills can
accept with agency
approval.127 Each
landfill has an
approved waste
acceptance plan that
is specific to each
facility and identifies
concentration-based
limits for individual
constituents.128

Yes, landfills
can accept at
concentrations of
30 pCi/g or less of
Ra-226 or Ra-228
or 150 pCi/g or less
of any other NORM
radionuclide.129

Yes, landfills can
accept drilling waste
if the combined
concentration of
Ra-226 and Ra-228
is less than 5 pCi/g
above background.130
Completion and
production wastes
from horizontal
gas wells can
be accepted if
the combined
concentration of
Ra-226 and Ra-228
is less than or
equal to
50 pCi/g.131

Yes, landfills
can accept. No
regulatory standards
for TENORM.132

AK

CA

CO

LA

NM

ND

OH

OK

PA

TX

WV

WY

No TENORM
regulations for
leachate.

No TENORM
regulations for
leachate.

Leachate must be
sampled for each
TENORM isotope
received by the
facility. Isotopes
detected in excess
of groundwater
standards must
be included in
groundwater
monitoring.133

No TENORM
regulations for
leachate.

No TENORM
regulations for
leachate.

Leachate from
TENORM waste
must be sampled
for radon, combined
Ra-226 and
Ra-228, and alpha
particle activity.
Radionuclides
detected above
specified levels
must be included
in groundwater
monitoring.134

No TENORM
regulations for
leachate.

No TENORM
regulations for
leachate.

Leachate must
be sampled
for chemical
composition but
there is no required
sampling of
radionuclides.135

No TENORM
regulations for
leachate.

Landfills accepting No TENORM
drilling waste
regulations for
must analyze the
leachate.
characteristics of
all leachates.136
Leachate from
drilling waste from
horizontal wells
must be sampled
for total Ra-226 and
total Ra-228.137
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Road spreading
allowed?

Land application
other than roads
or commercial
facilities?

Burial on well pad
allowed?
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AK

CA

CO

LA

NM

Not addressed in
regulations; bene
ficial use projects
can be authorized
with no standards
for TENORM.138

Allowed, required
monitoring includes
Ra-226 and Ra228.139

Water-based
bentonitic drilling
fluids allowed on
lease roads,140 up
to 50 pCi/g each
in dry weight of
Radium-226,
Radium-228,
Lead-210, and
Polonium-210,
excluding natural
background.141

Allowed on lease
roads subject to
applicable NORM
criteria or limits.142

Not permitted.

AK

CA

CO

LA

NM

Not addressed
in regulations;
beneficial use
projects can be
authorized. No
standards for
TENORM.151

Allowed, standards Water treatment
for radioactivity vary residuals can be
by location.152
applied to land and
shall not exceed
25 pCi/g each
of Radium-226,
Radium-228,
Lead-210, and
Polonium-210.153

Allowed, subject to
NORM limits.154

Not permitted.

AK

CA

CO

LA

Allowed, no
standards for
TENORM.162

Allowed, no
standards for
TENORM.163

Allowed, no
standards for
TENORM.164

Allowed, no
standards for
TENORM.165
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ND

OK

PA

TX

Allowed,
Allowed, no
concentration of
standards for
Ra-226 plus Ra-228 TENORM.145
must be below 5
pCi/g.144

Allowed, no
standards for
TENORM.146

Allowed from
conventional wells
only, no standards
for TENORM.147

Prohibited.

ND

OH

OK

PA

TX

Not addressed in
regulations.

Not addressed in
regulations.156

Allowed, no
standards for
TENORM.157

Allowed, no
standards for
TENORM.158

Allowed on site if,
Allowed, no
after NORM waste is standards for
applied to and mixed TENORM.160
with land, it does
not exceed 30 pCi/g
Ra-226 combined
with Ra-228 or 150
pCi/g of any other
radionuclide.159 Not
permitted.

Allowed, no
standards for
TENORM.161

NM

ND

OH

OK

PA

TX

WV

WY

Allowed, no
standards for
TENORM.166

Allowed, no
standards for
TENORM.167

Allowed, waste
from wells defined
as horizontal
must be tested
for TENORM.168
Drill cuttings are
excluded from
the definition of
TENORM.169

Allowed, no
standards for
TENORM.170

Permit required,
no standards for
TENORM.171

Allowed if
radioactivity
concentration
does not exceed
30 pCi/g Ra-226
combined with
Ra-228 or 150 pCi/g
of any other NORM
radionuclide.172 Not
permitted.

Allowed, no
standards for
TENORM.173

Allowed, no
standards for
TENORM.174

143

155

OH

148

WV

WY

Allowed, no
standards for
TENORM.149

Allowed, produced
water and produced
water-contamin
ated soils require
sampling for
Ra-226.150

WV

WY

NRDC

AK
Discharge of raw Not permitted.
or treated oil and
gas wastewater
to surface water
allowed (NPDES)?

175

AK
Limits on
No limits on
TENORM for Class TENORM.188
II UIC fluids?
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CA

CO

LA

NM

ND

OH

OK

PA

TX

Not currently
permitted.176

Allowed, subject
to standards for
TENORM.177

Allowed, no
standards for
TENORM.178

Not permitted.

Not permitted.

Can be authorized
by Ohio Depart
ment of Natural
Resources.180

Allowed, not
currently
permitted.181

Allowed, no
standards for
TENORM.182

CA

CO

LA

NM

No limits on
TENORM.189

No limits on
TENORM. Required
fluid analysis
for applications
includes Ra-226
and Ra-228.190

No limits on
No limits on
TENORM. Operators TENORM.192
must annually report
whether NORM was
injected.191

ND

OH

OK

No limits on
TENORM.193

No limits on
TENORM.194

No limits on
TENORM.195

179

WV

WY

Allowed, subject
to standards for
radionuclides.184

Allowed, subject
to standards for
radioactivity.185

Allowed,186 subject
to standards for
radioactivity.187

PA

TX

WV

WY

Class II UIC wells
in Pennsylvania are
regulated by U.S.
EPA; no limits on
TENORM.196

No limits on
TENORM, but permit
must specifically
allow NORM unless
concentrations are
30 pCi/gm or less of
Ra-226 or Ra-228 or
150 pCi/gm or less
of any other NORM
radionuclide.197
Applications must
include the volume
or proposed rate
of disposal and the
maximum measured
radioactivity level of
each radionuclide to
be injected.198

No limits on
TENORM.199
Required fluid
analysis for
applications
includes NORM.200

No limits on
TENORM.201

183
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Appendix B: NRDC Soil and Water Sample Analysis

In June 2019, NRDC toured Ohio, West Virginia, and
Pennsylvania to explore TENORM issues in oil and gas
production. NRDC staff collected 37 samples, including
22 soil and sediment samples, 14 surface water samples,
and one produced water sample to understand radiation
levels in locations selected on the basis of proximity to
areas associated with oil and gas waste management.
These locations included sites near a landfill containing
TENORM, injection wells, and wastewater treatment
facilities. Analysis of the collected samples focused on
the two isotopes of radium (radium-226 and radium-228)
that are important components of TENORM in terms
of potential human health effects. Consequently, the
evaluation presented here focuses on these radioactive
materials.
Samples were collected in appropriate laboratory
containers, labeled, packaged, and placed in coolers. All
necessary information for the samples was tracked using a
chain of custody form. Each sample was assigned a unique
number to identify information such as location, type, and
date of sampling. TestAmerica Laboratories, Inc., based
in Earth City, Missouri, provided sample containers and
coolers to support this effort.

© Bemnet Alemayehu

More testing must be done on oil and gas production
and waste sites to determine radioactivity levels.
NRDC conducted a series of tests that can serve as a
methodological example for how this testing can be done.

The analysis showed that the produced water sample had
elevated levels of radiation (3,055 pCi/l total radium).
Table B-1 presents radium-226
and radium-228 concentrations
in produced water obtained from
NRDC sample analysis and data from
other studies.202 As it shows, studies
have found produced water from
the Marcellus Shale with combined
radium (Ra-226 and Ra-228)
concentrations as high as 5,490 pCi/l.
For comparison, the EPA maximum
contaminant level for drinking water
is 5 pCi/l for total radium.
Produced water sample.
TABLE B-1: RADIOACTIVITY IN PRODUCED WATER
Total Radium
(Radium-226 + Radium-228) in pCi/l
NRDC data
Non-Marcellus Shale

3,055
1,011

Marcellus Shale

2,460

Marcellus Shale, New York State

5,490

© Amy Mall

The radioactivity level of radium seen in produced water
could be of potential health concern if the water is spilled,
leaked, or discharged to surface water in large quantities.
It is also an indicator that the oil and gas industry should
follow best practices to protect workers from the harmful
effects of radiation.
Although NRDC’s soil and surface water sample results
did not show elevated levels of radioactivity, studies have
shown contamination of local surface water resources from
produced water leaks and spills in other locations.203

Water sampling in West Virginia.
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