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Introduction

Naturally occurring radioactive elements such as uranium,
radium, and radon are dissolved in very low concentrations during
normal reactions between water and rock or soil. Ground water that
coexists with deposits of oil can have unusually high concentrations
of dissolved constituents that build up during prolonged periods of
water/rock contact. Many oil-field waters are particularly rich in
chloride, and this enhances the solubility of other elements
including the radioactive element radium. Some of this saline,
radium-bearing water is unavoidably brought to the Earth’s surface
with the oil and must be separated and then disposed, usually by
return to depth in an injection well. At some oil-field sites the pipes
and tanks that handle large volumes of this ‘‘produced water”” can
become coated with scale deposits that contain radium. Radium-
bearing scaleisthe type of “diffuse NORM waste’ that occursin
the ail industry. Radium accumulation in oil-field equipment in the
United States first became apparent in the 1980's when scrap metal
dealers began to routinely detect unacceptable levels of
radioactivity in shipments of oil-field pipe. Since that time the il
and gas industry has sought to better define the extent of the oil-
field NORM problem, and to devel op techniques for the prediction,
prevention, remediation, and disposal of oil-field NORM. In
paralel efforts, State and Federal regulatory agencies have worked
to develop guidelines for the control of NORM that will adequately
protect public health and the environment. This report summarizes

A

current understanding of the composition and mode of occurrence
of oil-field NORM in the United States, briefly reviews the status
of NORM regulations, and identifies some health and environ-
mental issues associated with oil-field NORM.

Location of Oil-Field NORM in the United States

Deposits of ail are found in 30 States, but the vast majority (86
percent) of onshore oil production is concentrated in Texas,
Oklahoma, Louisiana, Wyoming, California, Kansas, and New
Mexico (fig. 1A). In 1989 the American Petroleum Institute
sponsored a preliminary nationwide reconnaissance of measurable
radioactivity at the exterior surfaces of oil-field equipment (Otto,
1989). The results of this nonstatistical sampling indicated that
gamma-ray radiation levels exceeded natural background radiation
levels at 42 percent of the sites. Radiation levels greater than five
times the median background of all sites were found at
approximately 10 percent of the sites. Most of the sites with
markedly higher radioactivity were concentrated in specific
geographical areas, such as the Gulf Coast, northeast Texas,
southeast Illinois, and south-central Kansas (fig. 1B). Additional
surveys by some State agencies identified radioactive oil-field
equipment in northern Michigan and eastern Kentucky. Pipe,
casing, fittings, and tanks that have an extended history of contact
with produced water are more likely to contain radioactive deposits
than other parts of the plumbing system at oil-field production

Figure 1 (left and next page).
Areal distribution in
conterminous United States of
A, producing oil and gas wells
through 1994, and B, radioactive
oil-field equipment (next page).
A, from Mast and others, 1998.
B, modified from Otto, 1989.
Reprinted courtesy of the
American Petroleum
Institute—based on original API
figure, modified by U.S.
Geological Survey.
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sites. Soil in theimmediate vicinity of production sites may be
unusually radioactive if affected by spills or leakage of
produced water, or if contaminated by scale removed during
pipe or tank cleaning operations. Handling of used pipe at
pipe storage yards may also contaminate soil with radioactive
scale. Although not discussed herein, some equipment used
to process and transport natural gas may contain small amounts
of radioactive decay products of radon gas.

Form of Oil-Field NORM

Qil-field equipment can contain radioactive scale and
scale-bearing sludge, both of which form as coatings or
sediments. The scale precipitates from produced water in
response to changes in temperature, pressure, and salinity as
the water is brought to the surface and is processed to
separate coexisting crude oil. The scaleistypically a mixture
of carbonate and sulfate minerals. One of these sulfate
minerals is barite (barium sulfate), which is known to readily
incorporate radium (Ra) in its structure. Many studies of
radioactive scale from oil-field equipment have documented
that barite is the primary host of oil-field NORM and that the
radioactivity is from isotopes of radium and their decay
products. The two radium isotopes present in produced water
and barite scale are 226Ra (half-life =1,600 years) and 228Ra
(half-life =5.8 years). These two isotopes are produced by
radioactive decay of uranium and thorium present in rocks of
the oil-producing formations. The concentration of dissolved
radium is therefore influenced by the abundance of uranium
and thorium in reservoir rock and by the accessibility of
water to the sites containing uranium and thorium. When
radium is brought to the surface in produced water, the
concentration of radium that isincorporated in barite scale is
largely afunction of (1) the concentration of dissolved
radium and (2) the amount of produced water that moves past
the site of barite precipitation.

Ongoing studies by USGS scientists are documenting
variations in the mineralogy, chemistry, and radium
concentration of in-place scale deposits. Better understanding of
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the specific location and texture of the most radioactive barite scale
should contribute to more cost-effective strategies for its removal.
Figure 2A illustrates some of the textural and mineralogical
variability in asample of scale from an old section of above-
ground oil-field pipe. Lighter colored bariteis present along with
variable amounts of darker iron oxides. Barite occurs asintact
layers aswell as fragments of former layers that were transported
and recemented with iron oxides. A corresponding image of
radioactivity in this sample (fig. 2B) is recorded on a specia film
and illustrates the variable concentration of radium and its
radioactive decay productsin these layers.

Abundance of Radium in Oil-Field NORM

Measurement of total radioactivity with a hand-held radiation
detection instrument permits rapid assessment of a site for NORM
contamination, but site cleanup criteria and waste disposal options
are based on actual concentrations of radium isotopes. Some
speciaized field instruments permit rapid estimates of the
concentration of radium isotopes, but such estimates require
confirmation by careful laboratory analysis of selected subsets of
samples. Radium concentrations are generally reported as
picocuries/gram (pCi/g) of solid material or picocuried/liter (pCi/L)
of water or air. A picocurie equals 2.22 disintegrati ons-per-minute
(dpm). Figure 3A illustrates the distribution of total radium
concentration (226Ra and 228Ra) in barrels of oil-field NORM
waste stored in Louisianain 1992 (Wascom, 1994). The maximum
radium concentration in this waste and in most reported oil-field
scale from the U.S. is several thousand pCi/g, although very small
guantities of scale have been reported with as much as 400,000
pCi/g of radium. For comparison, most natural soils and rocks
contain approximately 0.5-5 pCi/g of total radium. A uranium ore
sample containing 1 weight percent uranium has approximately
3,300 pCi/g of 226Ra. Most of the radium in older oil-field scaleis
226Ra, because the shorter lived 228Ra decays with a half-life of
5.8 years.

Figure 3B illustrates the distribution of dissolved 226Ra
concentration in 215 samples of produced water from seven major
oil-producing areas (Fisher, 1998). Radium tends to be more




abundant in the more saline and chloride-rich varieties of these produced waters.
The maximum concentration of dissolved 226Rain this limited data set is several
thousand pCi/L, but concentrations above 10,000 pCi/L have been reported in the
U.S. Produced water also contains dissolved 228Ra, which is typically one-half to
twice the concentration of 226Ra. For comparison, the U.S. EPA maximum
contaminant level for drinking water is5 pCi/L for total dissolved radium.

Regulations for the Control of Oil-Field NORM

There currently exist no Federal regulations that specifically address the
handling and disposal of oil-field NORM wastes. States that have enacted
specific NORM regulations include some important oil producers such as Texas,
Louisiana, New Mexico, and Mississippi. New NORM regulations or
modifications to general radiation protection statutes are under consideration in

0.5 centimeter

Figure 2. Radioactive scale deposits inside oil-field pipe (A) and the distribution of alpha-particle-
emitting radium and radium decay products in the same sample (B). Brighter regions on the alpha
emission image indicate areas of scale with higher concentrations of radioactive elements.

other major oil-producing States such as California,
Kansas, and Oklahoma. Standards for cleanup of
radium-contaminated soils that typically appear in
enacted or proposed NORM regulations call for an
average concentration of lessthan 5 pCi/g in the
upper 15 cm (centimeters) of soil and an average of
less than 15 pCi/g in deeper increments of 15 cm.
Some States allow an average of as much as 30
pCi/g of radium in the upper 15 cm of soil. For oil-
field equipment, typical standards for release for
other uses or for recycling require that radioactivity
at the surface should not exceed some low multiple
of natural background radioactivity.

Health and Environmental Issues of
Qil-Field NORM

Once formed, barite is a very insoluble mineral.
One liter of water at the Earth’s surface dissolves
only 0.0025 grams of barite. Efficient removal of
barite deposits from oil-field equipment requires
specia chemicals or vigorous mechanical methods.
The process of barite removal and disposal is
complicated by the need to minimize radiation dose
to workers and the general public. Radiation
exposure pathways include external gamma
radiation (major), ingestion (minor), and inhalation
of particulates and radon gas (major).

Figure 4 illustrates the relative isol ation of
NORM waste from the general public for avariety
of possible disposal options. As degree of isolation
increases so does the capability for disposing of
higher radium concentrations. Currently most oil-
field NORM waste is stored at production sites
awaiting disposal in specially designated and
permitted landfills, disposal wells, or injection wells
(fig. 4). Surface spreading and dilution of low-level
NORM waste (fig. 4) is apast practice that is now
disallowed by most States with NORM regulations.
A preliminary radiological dose assessment was
reported for a scenario in which individuals live on
a NORM-amended soil and consume local water,
livestock, and food crops (Smith and others, 1996).
For soils amended with radium to the highest
concentration under regulatory consideration (30
pCi/g) the additional annual radiation dose by al
pathways was equivalent to the average annual
background dose to the U.S. population. Current
limits set by the Nuclear Regulatory Commission
require that the total of such additional dosesto the
general public be limited to about 30 percent of the
average annual background dose.

Prior to 1970 the regulations governing
disposal of produced water and scale were less
restrictive, and thus older oil-field production
sites are more likely to have above-background
concentrations of NORM in nearby soils and
stream sediments. Several studies, including
some by USGS researchers, have documented the
presence of barite in soils contaminated with oil-
field NORM.
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Barite scale is the most likely host of elevated radium in
these soils. The extreme insolubility of barite under natural
conditions limits the rate of release of radium to water and
suggests that dispersal of radium will be dominated by
physical transport of barite particles. Barite solubility is
lowest in oxidized soils that are rich in sources of soluble
sulfate such as gypsum. In organic-rich soils barite solubility
isincreased by the action of sulfate-consuming bacteria. The
average age of formation of barite scale can be estimated
based on the different rates of decay of 226Ra and 228Ra, or
based on the buildup of radioactive decay products of these
radium isotopes. Such information is useful for determining
the sources and history of contamination at a site and for
assigning possible liability.

Current Status and Future Direction of the
Oil-Field NORM Issue

The magnitude of the oil-field NORM problem in the U.S.
has been estimated, but it remains to be completely assessed.
Increased industry awareness and understanding of the
problem coupled with government regulatory efforts have
provided much better control of oil-field NORM wastes and
have reduced the radiation exposure to workers and the public.
Management of the present inventory of stored oil-field
NORM waste and options for its disposal are designed to
reduce radiation hazard to the general public. The challenge
to the oil and gas industry will be to develop safer and more
cost-effective methods to minimize, process, and dispose of
future oil-field NORM. An additional challenge to industry
and government is to identify, remediate, and if necessary,
remove NORM contamination that remains at old or
abandoned petroleum production sites.
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Definitions

Definitions of certain terms drawn from the Report to Congress: Management of Wastes from the

Exploration, Development, and Production of Crude Oil, Natural Gas, and Geothermal Energy
(U.S. EPA, 1987a,b,c):

Acidize: To treat oil-bearing limestone or other formations, using a chemical reaction with acid, to
increase production. Hydrochloric or other acid is injected into the formation under pressure. The acid

etches the rock, enlarging the pore spaces and passage through which the reservoir fluids flow.

Additive: A substance or compound added in small amounts to a larger volume of another substance to
change some characteristic of the latter. In the oil industry, additives are used in lubricating oil, fuel,

drilling mud, and cement for cementing casing.

Annulus or Annular Space: The space around a pipe in a wellbore, the outer wall of which may be the

wall of either the borehole or the casing.

Blow Out: To suddenly expel oil-well fluids from the borehole with great velocity.
Borehole: The wellbore; the hole made by drilling or boring.

Burn Pit: An earthen pit in which waste oil and other materials are burned.

Casing: Steel pipe placed in an oil or gas well as drilling progresses to prevent the wall of the well from

caving in during drilling and to provide a means of extracting petroleum if the well is productive.

Centralized Brine Disposal Pit: An excavated or above-grade earthen impoundment located away from
the oil or gas operations from which it receives produced fluids (brine). Centralized pits usually receive

fluids from many wells, leases, or fields.

Centralized Combined Mud/Brine Disposal Pit: An -excavated or above-grade earthen impoundment
located away from the oil or gas operations from which it receives produced fluids (brine) and drilling

fluids. Centralized pits usually receive fluids from many wells, leases, or fields.

Centralized Mud Disposal Pit: An excavated or above-grade earthen impoundment located away from
the drilling operations from which it receives drilling muds. Centralized pits usually receive fluids from

many drilling sites.

Centralized Treatment Facility (Mud or Brine): Any facility accepting drilling fluids or produced fluids
for processing. This definition encompasses municipal treatment plants, private treatment facilities, or
publicly owned treatment works for treatment of drilling fluids or produced fluids. These facilities
usually accept a spectrum of wastes from a number of oil, gas, or geothermal sites, or in combination

with wastes from other sources.

Completion Fluid: A special drilling mud used when a well is being completed. It is selected not only
for its ability to control formation pressure, but also for its properties that minimize formation damage.
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Completion Operations: Work performed in an oil or gas well after the well has been drilled to the
point at which the production string of casing is to be set. This work includes setting the casing,
perforating, artificial stimulation, production testing, and equipping the well for production, all prior
to the commencement of the actual production of oil or gas in paying quantities, or in the case of an

injection or service well, prior to when the well is plugged and abandoned.

Condensate: A light hydrocarbon liquid obtained by condensation of hydrocarbon vapors. It consists
of varying proportions of butane, propane, pentane, and heavier fractions, with little or no ethane or

methane.
Cuttings: The fragments of rock dislodged by the bit and brought to the surface in the drilling mud.

Dehydrate: To remove water from a substance. Dehydration of crude oil is normally accomplished by
emulsion treating with emulsion breakers. The water vapor in natural gas must be removed to meet

pipeline requirements; a typical maximum allowable water vapor content is 7 Ib per MMcf.

Desander: A centrifugal device used to remove fine particles of sand from drilling fluid to prevent
abrasion of the pumps. A desander usually operates on the principle of a fast-moving stream of fluid

being put into a whirling motion inside a cone-shaped vessel.

Desiccant: A substance able to remove water from another substance with which it is in contact. It may

be liquid (as triethylene glycol) or solid (as silica gel).

Desilter: A centrifugal device, similar to a desander, used to remove very fine particles, or silt, from
drilling fluid to keep the amount of solids in the fluid to the lowest possible level. The lower the solids
content of the mud is, the faster the rate of penetration.

Drilling Fluid: The circulating fluid (mud) used in the rotary drilling of wells to clean and condition the
hole and to counterbalance formation pressure. A water-based drilling fluid is the conventional drilling
mud in which water is the continuous phase and the suspended medium for solids, whether or not oil
is present. An oil-based drilling fluid has diesel, crude, or some other oil as its continuous phase with
water as the dispersed phase. Drilling fluids are circulated down the drill pipe and back up the hole
between the drill pipe and the walls of the hole, usually to a surface pit. Drilling fluids are used to
lubricate the drill bit, to lift cuttings, to seal off porous zones, and to prevent blowouts. There are two
basic drilling media: muds (liquid) and gases. Each medium comprises a number of general types. The

type of drilling fluid may be further broken down into numerous specific formulations.

Drill Pipe: The heavy seamless tubing used to rotate the bit and circulate the drilling fluid. Joints of
pipe 30 ft long are coupled together by means of tool joints.

Drill String: The column, or string, of drill pipe, not including the drill collars or kelly. Often, however,
the term is loosely applied to include both the drill pipe and drill collars.

Enhanced Oil Recovery (EOR): A method or methods applied to depleted reservoirs to make them
productive once again. After an oil well has reached depletion, a certain amount of oil remains in the
reservoir, which enhanced recovery is targeted to produce. EOR can encompass secondary and tertiary

production.
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Formation: A bed or deposit composed throughout of substantially the same kinds of rock; a lithologic
unit. Each different formation is given a name, frequently as a result of the study of the formation

outcrop at the surface and sometimes based on fossils found in the formation.
Formation Water: The water originally in place in a formation.

Fracturing: A method of stimulating production by increasing the permeability of the producing
formation. Under extremely high hydraulic pressure, a fluid is pumped downward through tubing or
drill pipe and forced into the perforations in the casing. The fluid enters the formation and parts or
fractures it. Sand grains, aluminum pellets, glass beads, or similar materials are carried in suspension by
the fluid into the fractures. These are called propping agents. When the pressure is released at the
surface, the fracturing fluid returns to the well, and the fractures partially close on the propping agents,

leaving channels through which oil flows to the well.

Gas Plant: An installation in which natural gas is processed to prepare it for sale to consumers. A gas
plant separates desirable hydrocarbon components from the impurities in natural gas.

Gathering Line: A pipeline, usually of small diameter, used in gathering crude oil from the oil field to

a point on a main pipeline.

Glycol Dehydrator: A processing unit used to remove all or most of the water from gas. Usually a glycol
unit includes a tower in which the wet gas is put into contact with glycol to remove the water. and a
reboiler, which heats the wet glycol to remove the water from it so the glycol can be recycled.

Heater-treater: A vessel that heats an emulsion and removes water and gas from the oil to raise it to a
quality acceptable for pipeline transmission. A heater-treater is a combination of a heater, free-water

knockout, and oil and gas separator.

Hydraulic Fracturing: The forcing into a formation of liquids under high pressure to open passages for
oil and gas to flow through and into the wellbore.

Hydrocarbons: Organic compounds of hydrogen and carbon, whose densities, boiling points, and
freezing points increase as their molecular weights increase. Although composed of only two elements,
hydrocarbons exist in a variety of compounds because of the strong affinity of the carbon atom for

other atoms and for itself. The smallest molecules of hydrocarbons are gaseous; the largest are solid.

Hydrostatic Head: The pressure exerted by a body of water at rest. The hydrostatic head of fresh water
is 0.433 psi per foot of height. The hydrostatic heads of other liquids may be determined by comparing
their gravities with the gravity of water.

Oil and Gas Separator: An item of production equipment used to separate the liquid components of the
well stream from the gaseous elements. Separators are vertical or horizontal and are cylindrical or
spherical in shape. Separation is accomplished principally by gravity, the heavier liquids falling to the
bottom and the gas rising to the top. A float valve or other liquid-level control regulates the level of oil
in the bottom of the separator.
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Perforate: To pierce the casing wall and cement to provide holes through which formation fluids may
enter or to provide holes in the casing so that materials may be introduced into the annulus between
the casing and the wall of the borehole. Perforating is accomplished by lowering into the well a
perforating gun, or perforator, that fires electrically detonated bullets or shaped charges from the

surface.
Permeability: A measure of the ease with which fluids can flow through a porous rock.

Pig: A scraping tool that is forced through a pipeline or flow line to clean out accumulations of wax,
scale, and so forth, from the inside walls of a pipe. A cleaning pig. travels. with the flow of product in
the line, cleaning the walls of the pipe with blades or brushes. A batching pig is a cylinder with
neoprene or plastic cups on either end used to separate different products traveling in the same pipeline.

Porosity: The quality or state of possessing pores (as a rock formation). The ratio of the volume of

interstices of a substance to the volume of its mass.

Produced Water: The water (brine) brought up from the hydrocarbon bearing strata during the
extraction of oil and gas. It can include formation water, injection water, and any chemicals added

downhole or during the oil/water separation process.

Propping Agent: A granular substance (as sand grains, walnut shells, or other material) carried in
suspension by the fracturing fluid that serves to keep the cracks open when the fracturing fluid is

withdrawn after a fracture treatment.

Sediment: The matter that settles to the bottom of a liquid; also called tank bottoms, basic sediment,
and so forth.

Separator: A cylindrical or spherical vessel used to isolate the components in mixed streams of fluids.

Shale Shaker: A series of trays with sieves that vibrate to remove cuttings from the circulating fluid in
rotary drilling operations. The size of the openings in the sieve is carefully selected to match the size
of the solids in the drilling fluid and the anticipated size of cuttings. It is also called a shaker.

Stock Tank: A crude oil storage tank.

Surfactant: A substance that affects the properties of the surface of a liquid or solid by concentrating
on the surface layer. The use of surfactants can ensure that the surface of one substance or object is in

thorough contact with the surface of another substance.
Tank Battery: A group of production tanks located in the field that store crude oil.

Weighting Material: A material with a specific gravity greater than that of cement; used to increase the

density of drilling fluids or cement slurries.

Wellbore: A borehole; the hole drilled by the bit. A wellbore may have casing in it or may be open (i.e.,
uncased); or a portion of it may be cased and a portion of it may be open.

Well Completion: The activities and methods necessary to prepare a well for the production of oil and

gas; the method by which a flow line for hydrocarbons is established between the reservoir and the
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surface. The method of well completion used by the operator depends on the individual characteristics
of the producing formation or formations. These techniques include open-hole completions,
conventional perforated completions, sand-exclusion completions, tubing-less completions, multiple

completions, and miniaturized completions.

Wellhead: The equipment used to maintain surface control of a well including the casinghead, tubing

head, and Christmas tree.
Well Stimulation: Any of several operations used to increase the production of a well.

Workover: One or more of a variety of remedial operations performed on a producing oil well to try to
increase production. Examples of workover operations are deepening, plugging back, pulling and

resetting the liner, squeeze-cementing, and so on.

Workover Fluids: A special drilling mud used to keep a well under control when it is being worked

over. A workover fluid is compounded carefully so it will not cause formation damage.
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1. Introduction

The United States Environmental Protection Agency (“EPA” or “the Agency”) was granted authority

to establish a national framework for solid waste management under the Resource Conservation and
Recovery Act of 1976 (RCRA; Public Law 94-580). The intent of this law is to conserve energy and
natural resources, reduce the amount of waste generated, and ensure that waste is managed in a manner
that protects both human health and the environment. Subtitle C of RCRA provides EPA primary
authority to promulgate and enforce federal regulations that address management of hazardous wastes
from the initial point of generation to the ultimate point of disposal (i.e., “cradle to grave”). Subtitle D
of RCRA provides EPA authority to promulgate standards for non-hazardous waste disposal; however,
states have the primary authority to implement and enforce these standards. The RCRA statute does
not define which wastes are hazardous and what management practices are most appropriate. These
determinations are made by EPA based on a review of the potential hazards posed by the individual

waste streams.

1.1. Regulatory History

When EPA first proposed regulation under Subtitle C of RCRA in 1978, the Agency deferred the
applicability of most of the hazardous waste treatment, storage, and disposal standards for six categories
of “special wastes,” which included drilling muds and oil production brines from oil and gas operations.
This deferral was intended to last until the Agency could perform further investigation into the
composition, characteristics and degree of hazard posed by these large-volume wastes (43 FR 58946).
In response to the proposed rulemaking, both Houses of Congress introduced legislation and held
hearings and debates to determine whether and how special wastes should be regulated. Because it
appeared likely that Congress would act to exempt certain wastes related to utility and energy
development, EPA temporarily excluded the special wastes from the final hazardous waste regulations,
stating that “this exclusion will be revised, if necessary, to conform to the legislation which is ultimately
enacted” (45 FR 33084).

On October 21, 1980, Congress amended RCRA with the 1980 Solid Waste Disposal Act Amendments,
which included provisions that addressed special wastes (Public Law 96-482). Specifically, Section
3001(b)(2)(A) (“the Bentsen Amendment”) temporarily exempted drilling fluid, produced water and
other wastes associated with the exploration, development and production (E&P) of crude oil, natural
gas and geothermal energy from regulation under Subtitle C until further study of the associated risks
had been completed. This provision required EPA to determine whether regulation under Subtitle C
was warranted, submit findings to Congress and publish a final regulatory determination. Furthermore,
it stipulated that any future regulation of E&P wastes under Subtitle C would take effect only if

authorized by an act of Congress.
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The Agency transmitted a Report to Congress entitled Management of Wastes from the Exploration,
Development, and Production of Crude Oil, Natural Gas, and Geothermal Energy on December 28,
1987 in three volumes that separately covered oil and gas, geothermal, and all associated appendices
(U.S.EPA, 1987a,b,c). EPA concluded in this report that stringent regulation from cradle to grave under
RCRA Subtitle C was not warranted for these wastes because enforcement of existing state and federal
programs would generally be adequate to control the wastes, the large waste volumes generated could
severely strain capacity at existing Subtitle C facilities, and the inflexibility of the Subtitle C program
would create a great permitting burden on regulatory agencies that could result in undue delays for
exploration and production operations. Based on these findings, EPA issued a final determination in
1988 that maintained the exemption from RCRA Subtitle C for E&P wastes associated with primary
field operations (53 FR 25447).

Exemption from RCRA Subtitle C does not mean that these wastes cannot cause harm to human health
or the environment if improperly managed. Rather, EPA concluded that any risks associated with these
wastes could be effectively controlled by improvements to existing state and federal regulatory
programs. Therefore, the Agency has since pursued a multi-pronged strategy that includes further
research, cooperative work with states to review and update programs, federal action outside RCRA

Subtitle C, and voluntary programs to reduce waste generation.

Changes within the Industry

A combination of economic drivers and technological advancements have resulted in changes to the
national energy landscape over the past three decades. The two most significant advancements have
been the widespread adoption of hydraulic fracturing and directional drilling, which allowed expanded
drilling for crude oil and natural gas in black shale and other “unconventional” formations. Hydraulic
fracturing is the injection of fluids into the formation at pressures high enough to fracture nearby rock
and provide conduits for the oil or gas to flow into the well. Directional drilling is the installation of
wells at an angle (deviated or horizontal wells) that allows greater contact between the well and the
formation to maximize the fractured area. Although both technologies have existed in some form for
years, recent innovations allowed combined application to formations that were previously considered
uneconomical to access. Production from unconventional formations represents a growing share of the
national output, though a majority is still produced from “conventional” formations located across the
country. Figure 1-1 illustrates the different types of wells and hydrocarbon-bearing formations that are

currently in production.
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Figure 1-1: Examples of the Different Types of Oil and Gas Reservoirs and Production Wells.

Conventional hydrocarbon formations are composed of higher-permeability rocks (e.g., sandstone,
limestone, dolomite) that initially produce economically-significant volumes of oil or gas without the
need for hydraulic fracturing. Hydrocarbons typically do not originate in these formations. Instead, the
oil and gas have been driven into these formations from deeper source rocks by a combination of
temperature, pressure, and density gradients. Conventional formations are typically located beneath an
impermeable (“confining”) layer that limits further migration of the hydrocarbons toward the land
surface. Vertical wells are the most common type of well drilled in these formations because the
permeable rock allows hydrocarbons to flow toward a centralized well with minimal assistance. As a
result, vertical wells represent the vast majority of wells that have been drilled to date and all the wells

considered in the 1987 Report to Congress.

Unconventional hydrocarbon formations are composed of lower-permeability rocks (e.g., shale, coal
beds) that must be hydraulically fractured to produce economically-significant volumes of oil or gas.
These formations are often the source rock where the hydrocarbons formed. However, both oil and gas
may also become trapped in other low-permeability (“tight”) formations above the source rock. Drilling
in unconventional formations typically requires directional drilling to maximize the impact of
hydraulic fracturing. As a result, horizontal wells are a growing fraction of new wells drilled in the
United States.
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Document Purpose and Scope

On May 4, 2016, the Environmental Integrity Project, together with six other parties, filed a lawsuit
with the United States District Court for the District of Columbia that alleged EPA had failed to perform
non-discretionary duties under RCRA, specifically:

= Review, and if necessary revise, Subtitle D criteria for oil and gas wastes (40 CFR Part 257).

= Review, and if necessary revise, state plan guidelines for oil and gas wastes (40 CFR Part 256).

EPA entered into a consent decree on December 28, 2016 that established March 15, 2019 as the
deadline for the Agency to either sign a notice of proposed rulemaking under the aforementioned
statutes or to sign determinations that revisions are not necessary at this time. The deadline was later
extended to April 23, 2019 in response to a temporary lapse in government appropriations that resulted

in unavoidable and cascading delays as a result of the Agency shutdown.

The purpose of this document is to summarize the information currently available to EPA about the
generation, management and ultimate disposition of wastes from E&P operations currently exempt
from regulation under RCRA Subtitle C. These wastes are those associated with primary site operations
integral to the location of hydrocarbon and geothermal reservoirs, extraction of resources, and removal
of impurities necessary to transport the product offsite. This does not include wastes generated as part
of offsite transportation, refinement and manufacturing operations. There are a number of wastes that
fall under this exemption, but not every type is generated at each drilling site. EPA has taken steps to
provide additional clarity on the scope of the E&P exemption through a 1993 Federal Register Notice
(58 FR 15284) and an informational booklet (U.S. EPA, 2002).

EPA conducted a review of publicly available literature drawn from a wide array of government,
industry and academic sources to understand what information has become available since the most
recent update to the Agency’s regulatory framework. This review focused on the structure of the
industry, the volume and composition of wastes generated, actual waste management practices,
applicable state regulations, and documented cases of environmental damage that resulted from any of
these practices. The greatest changes within this industry have been in the production of crude oil and
natural gas. Available data indicate that geothermal energy remains limited to a few states and has not
undergone a similar surge in production. Accordingly, the majority of new information identified in
the literature is focused on production of crude oil and natural gas. Therefore, the discussion in this

document also focuses primarily on these associated wastes.

The information gathered for this document will be used to determine whether a reasonable probability
of adverse effects to human health or the environment exists from the management of E&P wastes.
Based on this review, EPA will identify any further steps necessary to prevent or substantially mitigate
potential sources of harm, which may include updates to regulations or other practical and prudent

non-regulatory actions.
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2. Summary of Agency Actions

To help fulfill the obligations enumerated in the consent decree, EPA first reviewed existing sources of

information relevant to the current state of E&P waste management and then conducted an extensive
literature review to identify information that had since become available. This section details the
actions previously undertaken by EPA in support of RCRA to improve existing regulatory programs
and enhance understanding of both the industry and the associated wastes. EPA has also taken a
number of additional actions related to E&P wastes under other Agency programs, these actions are
outside the scope of this review." Subsequent sections of this document discuss information that was
assembled through the literature review, organized around specific factors that EPA considered

relevant in its review.

1992 Background for NEPA Reviewers

Pursuant to the National Environmental Policy Act (NEPA) and Section 309 of the Clean Air Act, EPA
reviews and comments on major federal actions that may significantly affect environmental quality.
EPA developed a background document on E&P site operations to assist EPA staff with development
of comments on NEPA documents for the exploration and production of oil and gas on federal lands
(U.S. EPA, 1992a). EPA recognized that this document may also be useful to operators that plan work

on federal lands and federal land managers that prepare Environmental Impact Statements.

This document provides general descriptions of site operations, environmental impacts that may be
associated with each operation, possible prevention/mitigation measures, and types of questions that
should be raised as part of the Agency’s review. It is not intended to be exhaustive and does not include
discussion on impacts to floodplains, archaeological resources, and other traditional NEPA concerns
that can be present at any type of development. Rather, it focuses on operations specific to oil and gas
with the greatest potential to impact the environment, which include well site and road construction,
drilling fluid and cuttings management, produced water disposal, product gathering systems (pipelines
and storage tanks), and production operations. The document outlines general concerns about impacts
to groundwater, surface water, air, ecosystems and sensitive receptors, though it acknowledges that
every operation is unique and additional analyses could be necessary to fully understand the risks posed
by a specific project.

1992 Review of Operations in Alaskan North Slope

EPA led a study to evaluate the objectives, implementation and enforcement of the state regulatory
program for E&P wastes on the North Slope of Alaska. This study included information from site visits
to the North Slope by personnel under contract to EPA in 1988; a review of state implementation and

enforcement actions; available information on facility history and waste management practices; and

1) A summary of the different actions taken across the Agency to better understand and address potential environmental impacts
from E&P operations is available online at: https://www.epa.gov/uog.

Management of Exploration, Development and Production Wastes 2.1
Section 2: Summary of Agency Actions



comments received on a 1989 draft report from the Alaska Department of Environmental Conservation
(AKDEC), the oil and gas industry, environmental groups, and other interested parties. The Agency
completed a report documenting the results of the case study in 1992 (U.S. EPA, 1992b).

EPA found evidence of improved waste management practices on the North Slope and significant
increased attention to environmental issues. However, EPA also observed significant tracts of dead
vegetation during site visits surrounding various service company sites. Service companies perform a
variety of operations on the North Slope, including supplying oil field chemicals, vehicle maintenance,
fuel service and drum disposal. EPA also observed impacted vegetation adjacent to a number of well
pads that appeared to be the result of various spills. EPA documented ongoing activities believed to be
associated with observed damages, such as releases through reserve pit berms and dikes, mishandling

of oily wastes, and poor housekeeping practices with regard to handling of chemicals and equipment.

To address the issues identified during this study, EPA made a series of recommendations. First, to
dedicate additional resources for training, compliance monitoring and enforcement to improve
compliance on the North Slope. Second, to strengthen enforcement of existing regulations, with a focus
on service company operations. Finally, to improve coordination among state agencies to save resources
by eliminating duplication of effort and simplifying compliance and enforcement activities. EPA also
recognized that the state had already taken positive steps to improve the regulatory program for these
wastes. The program had recently been updated, which may not have been fully captured in the
Agency’s report, and additional reviews had been scheduled. In addition, AKDEC had plans for
additional staff positions, though that had not occurred at the time of this report.

1996-1999 Oil Field Waste Pit Program

EPA Region 8 and the U.S. Department of Interior (U.S. DOI) Fish and Wildlife Service (FWS) Region
6 created a team to assess the management of E&P wastes. Co-regulators participating in the effort
included state regulatory agencies, tribal agencies, and the U.S. DOI Bureau of Land Management and
Bureau Indian Affairs. The primary objectives of this effort were to determine where oily waste in open
pits posed a significant threat to migratory birds or other wildlife and to assess the potential threat
posed by these facilities to surface water and groundwater resources. EPA compiled the results of this
effort and provided recommendations to strengthen the effectiveness of state regulatory programs (U.S.
EPA, 2003).

Between 1996 and 1999, sites were assessed in all six states in EPA Region 8 (i.e., Wyoming, Montana,
Colorado, North Dakota, South Dakota, Utah). Initial assessments were conducted by visual inspection
during flyovers. The criterion for identifying potential problem sites was exposed oil, either on the
ground or on the surface of a pit. However, other observed conditions (e.g., discharges to surface water,
abandoned drums) that may pose a risk to human health or the environment were also identified as
warranting further investigation. In less than four years, 15% to 20% of the approximately 28,000 pits
(based on information provided by co-regulators) in EPA Region 8 were observed during aerial surveys.

Many of these sites were found to be well-managed. Most pits (between 80% and 90%) did not present
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an apparent threat to the environment and were not flagged for further attention. 516 sites, some with

multiple pits, were identified as warranting ground inspection and 475 were ultimately visited.

When apparent problems were identified from the aerial assessments, the information was shared with
co-regulators who in turn distributed it to the regulated community. Owners and operators of potential
problem sites were informed that their sites would be inspected no less than thirty days after the initial
contact giving the operators an opportunity to address existing problems. As a result, a large percentage
of flagged sites had addressed the problems prior to ground inspections. Problems that persisted at the
time of the ground inspection were subsequently resolved through either compliance assistance or
enforcement actions (e.g., RCRA Section 7003). In total, 348 informal actions (e.g., notice of violation)
and 80 formal enforcement actions were taken. Of the facilities visited, 61% of production facilities
and 100% of centralized disposal facilities required some sort of follow-up to correct environmental

conditions or non-compliance.

EPA made a series of recommendations to address the waste management issues identified during this
effort. First, to improve communication channels and relationships among co-regulators and Agency
programs by sharing information and improving the collective understanding of the various state and
federal regulatory requirements. Second, to continue improvements to regulatory programs by
incorporating minimum standards compiled by EPA, the Interstate Oil and Gas Compact Commission
(IOGCC), the American Petroleum Institute (API) and other organizations. Finally, to strengthen

compliance monitoring and enforcement, with a particular focus on commercial disposal facilities.

2000 Associated Waste Reports

Data collection in support of the 1987 Report to Congress focused primarily on produced water and
spent drilling fluid which accounted for over 98% of total volume of E&P wastes generated. Many of
the remaining lower-volume wastes were co-managed in the same management units and so were
anticipated to have a minimal impact on the composition of the commingled waste. However, EPA
continued to compile and analyze available information on other E&P wastes from contacts within
other federal agencies, literature reviews, and industry databases to address data gaps that remained for
these lower-volume wastes. In 1992, EPA collected and analyzed samples of wastewater and solid waste
from various E&P operations. These and other available data were discussed in three separate reports,

collectively known as the Associated Waste Reports:
= Tank Bottoms and Oily Debris (U.S. EPA, 2000a)
* Dehydration and Sweetening Wastes (U.S. EPA, 2000b)
* Completion and Workover Fluids (U.S. EPA, 2000c)

These reports summarize information on how the wastes are generated, waste volume and composition,
management practices, and damages that could result from mismanagement. Available information
showed enormous variability in the volume, composition and management of each waste. Yet the small
number of samples relative to the volume and diversity of these waste streams, as well as analytical

issues, such as matrix interference, introduced uncertainty into the data. EPA was unable to determine
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whether the data provided a reasonable distribution of waste concentrations or what factors
contributed most to high waste concentrations. These uncertainties prevented the Agency from
drawing broad conclusions about the wastes. However, EPA was able to provide recommendations for
waste minimization and pollution prevention techniques that could be adopted by the industry to

reduce the quantity of waste generated.

2010 Review of Damage Cases

The Natural Resources Defense Council (NRDC) submitted a petition to EPA on September 8, 2010
requesting that E&P wastes be regulated as hazardous under Subtitle C of RCRA. The petition argued
that “the toxicity of exploration, development and production wastes, their release into the
environment, threats to human health, the increasing amount of these types of wastes being generated,
the inadequacy of existing state regulations, enforcement and oversight, and the feasibility and
economic benefits of using disposal techniques that are less harmful to the environment all support
regulation under Subtitle C.” In support of the petition, NRDC provided information on alleged release
incidents of E&P waste. A list of the citations contained in the petition is provided in Appendix A:
(Damage Cases). In response, EPA examined the documents listed in the petition, as well as the
additional sources referenced in those documents, to better understand the nature and frequency of
incidents alleged to have caused harm to human health or the environment.

EPA identified 260 separate incidents from the sources provided that involved management of E&P
wastes in 18 states between 1980 to 2010. Of these, a total of 176 involved management in pits,
12 involved some form of land application (e.g., land farming), 68 involved other miscellaneous releases
(e.g., air emissions, spills), and the remaining four had insufficient information available to reliably
evaluate. The sources also had information on 1,936 reports of citizen complaints, spills and other
releases in three states. EPA examined these additional incidents, but found that many were occurred
some time ago and it was not possible to determine the cause or nature of the incident or the alleged

damage. Therefore, EPA excluded these additional reports from the review.

The vast majority of incidents reviewed were the result of non-compliance with current state
regulations. All but two the 176 incidents related to management in pits and one of the 12 incidents
related to land application could be attributed to violations of state regulations. This indicated that
improved enforcement of existing regulations could have prevented most of the identified incidents.
Based on the review of data provided by NRDC, it remained unclear that imposition of new federal
regulations would substantially reduce issues of non-compliance. Rather it suggested that increased
inspections and tighter enforcement of existing state regulations would reduce the frequency of

violations.

2014 Review of State Regulations

Many states developed and updated legislation and regulations in response to the increased use of
hydraulic fracturing at E&P sites. EPA undertook a review of state regulations to better understand
exactly how state regulations had changed since the 1988 Regulatory Determination and any gaps in
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coverage that may exist (U.S. EPA, 2014a). This review included a direct reading of published state
regulations and statutes for pits and tanks, as well as reports and databases compiled by State Review
of Oil and Natural Gas Environmental Regulations (STRONGER) and the U.S. Department of Energy
(DOE). In total, EPA reviewed regulations from 26 of the 33 states that account for nearly all natural
gas production in the United States. To ensure that the Agency’s understanding and representation of

the state regulations were accurate, EPA followed up with staff from each state agency.

This review did not aim to rank or otherwise evaluate the quality of individual state programs. Instead,
it identified trends and common elements among the states. EPA found that state regulations for pits
and tanks commonly included requirements for liners, secondary containment, minimum setback
distances, minimum freeboard, inspection, maintenance, closure and reclamation. In contrast, states
often did not have requirements for groundwater monitoring, leachate collection, air monitoring or
waste characterization. The absence of these particular requirements is notable because it is a
divergence from typical state programs for other wastes (e.g., municipal solid waste), though it is known
that additional requirements are often included in the facility permits to allow consideration of
differences in local geology, land use, water resources and other factors. However, EPA was not able

to conduct a similarly thorough review of individual permits as part of the analysis.

2014 Compilation of Best Management Practices

The Agency conducted a literature review to develop a list of publicly available sources of best
management practices (BMP, also known as “voluntary management practices”) for E&P wastes in pits,
tanks, and land application/disposal units (U.S. EPA, 2014b). The purpose of this effort was to expand
awareness and encourage the continued improvement of existing BMPs. EPA reviewed a total of 85
publicly available documents and databases developed by industry, state and federal agencies, and non-
governmental organizations that range from international to regional in scope. From this list of sources,
EPA selected 14 examples of BMPs for more in-depth summary. It is important to note that this study
did not aim to evaluate or advocate for any specific practice, rather it was an attempt to provide

information on specific practices in common use throughout the industry.

Based on the review of existing documents, EPA concluded that there is a great deal of existing guidance
on BMPs that is readily available to the public. Many of these sources include recommended technical
criteria for pits and tanks that cover one or more of the following areas: permitting, construction,
operations (e.g., maintenance, inspection, monitoring, testing, remediation), and closure. These criteria
are designed to be flexible and allow practices to be matched and adapted to the needs of the specific
project and local environment. There are also ongoing efforts by various stakeholder groups to

continuously refine and expand upon existing guidance.

1988-2019 Voluntary Initiatives

The Interstate Oil and Gas Compact Commission (IOGCC) was chartered by Congress in 1935 and
represents the governors from 30 oil and gas producing states. In 1988, IOGCC proposed a peer review
for state regulatory programs for E&P wastes. EPA provided grant funding to the IOGCC to develop
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and administer these reviews. The Agency also provided grant funding to citizen groups to encourage
their participation in the state reviews. From 1990 through 1997, the IOGCC administered voluntary
reviews of 17 individual state regulatory programs for the oil and gas industry through a multi-
stakeholder process. When deficiencies were identified, the IOGCC team provided recommendations

for improvements. However, in 1997, this review process was discontinued.

EPA continued to work with the stakeholders to revive the review process and, in 1999, STRONGER
was established as an independent, non-profit educational organization to continue the administration
of state reviews. The multi-stakeholder board of directors includes equal representation from the oil
and gas industry, state and federal regulatory agencies, and environmental public advocacy groups.
EPA provided grant funding and participated on all reviews as an official observer. All reviews are open
to the general public. Altogether, this provides a series of checks and balances to the review process

that ensures the finalized recommendations are appropriate and impartial.

The original guidelines used in the review of state programs were completed in 1990 based on minimum
acceptable standards developed for six topic areas by subcommittees and a survey of existing regulatory
programs in oil and gas producing states.” These guidelines have been updated multiple times since
then to reflect emerging issues such as abandoned wells, radioactivity, hydraulic fracturing and
recycled fluids. The updates also incorporated EPA guidance developed since 1990. Draft guidelines are
distributed to states, environmental groups, industry associations, and posted on the STRONGER
website for public comments. The comments received are incorporated and a final draft is prepared for
board approval. The most recent update to the guidelines were adopted in 2017 (STRONGER, 2017).
These guidelines extend beyond the scope of RCRA and include recommendations for other topics such

as well construction, data management, and fee calculation.

To date, 22 state programs have been reviewed by IOGCC or STRONGER at least once. These states
collectively account for over 94% of onshore oil and gas production in the United States. A total of 45
separate reviews have been conducted among these states that include 22 initial reviews, 15 follow-up
reviews, and 8 single-topic reviews (i.e., hydraulic fracturing, air quality).® As of 2009, STRONGER
estimated that over 75% of the recommendations (306 of 405) had been adequately incorporated into
state programs (STRONGER, 2016). These recommendations have led to documented changes to state
programs for pits, tanks, offsite disposal, centralized facilities, spill reporting, corrective action,
remedial standards, and other areas. In addition, some states have taken steps to further characterize

wastes, share information with the public, and increase staffing to support enforcement.

In addition to IOGCC and STRONGER, EPA has also funded initiatives for individual states. These
include grants to Alaska to identify and promote pollution prevention opportunities for the oilfield
service industry (AKDEC, 1994) and to Texas to develop a waste minimization and outreach program
for operators in Texas (TXRRC, 2001). EPA continues to support efforts to reduce the amount of waste

2) The six initial topic areas included: pits, land application, commercial facilities, state and federal relations, personnel and resources,
organization and coordination, and statutory authority.

3) Reports for all STRONGER reviews are made available online at: http://www.strongerinc.org/state-reviews.
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generated and ensure that waste is managed in a manner that protects both human health and the

environment.
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3. Industry Overview

The oil and gas industry is expansive and encompasses the exploration, extraction, refining, transport

and marketing of oil and gas as a fuel source and feedstock for a range of commercial products. This
document focuses on the upstream sector of the industry that engages in E&P for crude oil and natural
gas from subsurface formations. This section summarizes the available information on the structure of
this industrial sector, the operations performed in the course of normal business operations, and the

types and quantities of waste that may be generated in the process.

Summary of Site Operations

The first step in E&P operations is a pre-siting assessment of local geology to determine the potential
for oil and gas production. Areas that might contain oil or gas reserves are first identified using field
surveys and seismic data before obtaining the mineral interests on the property from the landowner
and approval to drill from the relevant state agencies. Exploratory wells may initially be installed onsite
to gather more detailed geological data on rock and fluid properties, initial reservoir pressure, and
reservoir productivity. If exploratory wells identify a formation that can produce salable quantities of

crude oil or natural gas, then the development wells may be installed to extract the hydrocarbons.

Well exploration, development and production involves a wide array of operations to install the well,
extract the hydrocarbons, remove of impurities from the crude oil and natural gas prior to distribution,
and maintain the long-term integrity of the well. The following text provides a general summary of
common operations that may be performed during the installation and productive life of a well, as well
as the wastes that may be generated. This discussion is not intended to provide an exhaustive list of
operations or waste types; this document groups wastes into broader waste streams based on similar

composition and management practices.

3.1.1. Well Installation

A drilling pad is first prepared to support a drilling rig and any ancillary equipment, such as trucks
associated with the operation and trailers to house personnel and equipment. The size of a pad typically
ranges between one-half and one acre, depending on the nature of the operation and the number of
wells that will be drilled. The lease or property boundaries and well location are staked out and the site
is excavated to clear the area of trees and other vegetation. Then an access road (“lease road”) is built

and any pits and tanks needed to manage waste are installed.

Modern oil and gas wells are typically drilled with rotary drill rigs. These rigs rotate the drill pipe with
an attached drill bit (“drill string”) to create the borehole (“wellbore”). As drilling progresses, additional
drill pipe segments are added in successive sections (“joints”). The threads on each joint are coated with
a compound that protects the threads and prevents seizing when the joints are connected together. At
predetermined intervals, drilling is halted and the drill string is removed from the wellbore to install a
steel casing. The purpose of this casing is to prevent collapse of the surrounding rock into the wellbore,
isolate high-pressure formations, prevent intrusion of formation fluids into the wellbore during
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construction, and avoid mixing of hydrocarbons and other contaminants with overlying aquifers during

production.

The first interval of casing (“conductor casing”) extends a relatively short depth, typically between fifty
and several hundred feet, to prevent collapse of the initial wellbore and to provide support for deeper
casing strings. After each interval is installed, cement may be pumped down the casing to seal the
annular space. When drilling resumes, the drill bit is advanced to a point just below where the next
casing string or surface casing will extend. The second interval of casing (“surface casing”) is smaller in
diameter and typically extends anywhere from 50 to 100 feet below the lowermost aquifer of potential
use, as specified by state requirements. Subsequent intervals of casing (“intermediate casing”) are
installed as needed to reach the target formation and isolate unstable formations that may collapse or
cause loss of fluid circulation. If this interval is located in a stable (“competent”) formation, the operator
might choose not to install intermediate casing and produce through an open hole. The final interval
of casing (“production casing”) typically runs the full depth of the well and isolates the production zone
from other formations. Figure 3-1 provides an example of standard well casing configurations.

Figure 3-1: Diagram of Standard Well Casing Configurations.

Wells may be advanced directly beneath the well pad (“vertical well”) or at an angle that can extend
some distance beyond the footprint of the well pad (“deviated well”). The initial portion of a deviated
well is typically vertical and drilled the same as any other vertical well. At the point the well begins to
deviate (“kickoff point”), the curved section of the well is drilled using a hydraulic motor mounted
directly above the bit and powered by the drilling fluid. This allows the drill bit to be rotated by the
hydraulic motor without also rotating the drill pipe. Various sensors in the drill string provide
information about the location and speed of the bit and the temperature and pressure of the formation,
which allows precise control over the movements of the drill string. Deviated wells may be installed at
a range of different angles, though wells in unconventional formations are often installed fully parallel
with the hydrocarbon formation (“horizontal well”) to allow greater contact between the well and the

formation for hydraulic fracturing.
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During well installation, an engineered fluid is circulated down the drill pipe and out of nozzles in the
drill bit (“drilling fluid” or “drilling mud”). This fluid is used to cool and lubricate the drill bit, control
pressure within the borehole, seal drilled formations to prevent fluid loss, and to transport drill cuttings
to the surface. The type of drilling fluid used depends on the characteristics of the formations that will
be drilled:

» Gas-based fluids (GBFs) can be entirely gas (carbon dioxide, nitrogen) or may be gas entrained in
water with foaming agents (e.g., surfactants). GBFs are used to drill wells under low-pressure and

low-temperature conditions in relatively shallow wells and formations like limestone and coalbeds.

* Water-based fluids (WBFs) typically consist of 80% water and 20% clay and other additives. The
water can be either fresh or salt water. WBFs are used to drill deeper wells under moderate-to-high

pressures and low-to-moderate temperatures.

* Oil-based fluids (OBFs) typically consist of around 55% petroleum distillate, 30% water, and 15%
clay and other additives. OBFs are used to drill wells under extreme temperatures and pressures
where water could evaporate or freeze (e.g., Arctic drilling) or where reactive formations could be

encountered (e.g., hydratable shale, salt domes).

» Synthetic-based fluids (SBFs) are formulated similar to OBFs. SBFs are oil-like fluids formulated
from vegetable esters derived by reacting an acid with an alcohol, olefins or alkenes (e.g., ethene),
synthetic paraffins (paraffin-like material produced from natural gas), and alkyl benzenes (single
ring aromatic hydrocarbons). SBFs are formulated to biodegrade more quickly in the environment
and have lower bioaccumulation potential. These synthetic fluids tend to be more expensive and so
are primarily used when drilling in environmentally sensitive areas, such as offshore and coastal

areas, that require performance equivalent to an OBF.

Drilling fluid may simply be foam, fresh water or salt water at the start of drilling. However, as drilling
progresses and formation pressures and temperatures increase, new fluids may be introduced that
contain additives to increase the weight and enhance the performance of the fluid. Weighting agents
are commonly added to increase the specific gravity (weight) of the fluid. Barium sulfate is often used
as the weighting agent in WBFs, OBFs and SBFs but hematite (iron oxide) may also be used, particularly
in OBFs. Another common additive is clay (typically bentonite) to further increase the specific gravity

of the fluid and to help protect and seal wellbore formations.

Drilling fluids return to the ground surface through the annular space between the drill pipe and the
wellbore. The used fluids are mixed with the fragments of soil, rock and other pulverized material that
are dislodged by the drill bit (“drill cuttings”). Cuttings are mechanically separated from the drilling
fluids to the extent practicable with equipment such as filter belts or centrifuges and sent to a reserve
pit or tank. Recovered drilling fluids are treated and reused until the fluids become too contaminated
to recycle, the geological conditions in the wellbore require new fluid formulation, or drilling has been
completed. At that point, the spent drilling fluid is also sent to the reserve pit or tank. Drill cuttings
and spent drilling fluid are the wastes generated in greatest volumes during well installation. A number

of other wastes may be generated in smaller volumes that include spent spotting fluid, water used to
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wash the drill rig, and spills of various materials around the drill rig (e.g., cement) may be generated in
smaller volumes over the course of drilling. These wastes are typically managed together with the drill

cuttings and drilling fluid in onsite reserve pits or tanks prior to disposal.

3.1.2. Well Completion and Production

Once the well has been installed, any drilling fluid remaining in the well is replaced with a dense fluid
free of any solids that could react with the formation water or otherwise plug the production zone.
This fluid is often a heavy brine made with dissolved inorganics salts (e.g., chloride, bromide) that is
used to control the pressure down-hole and to prevent formation fluids from entering the well while
the well is completed. Once the completion fluid is in place, a perforating gun loaded with shaped
charges is lowered into the production zone and remotely fired. The charges pierce the casing and
cement, creating holes that will allow oil and gas to flow into the wellbore once the completion fluid

is removed.

Well stimulation techniques may be used after well completion to widen and connect conduits in the
formation and allow the oil and gas to flow more freely into the well. Acid may be injected at lower
pressures and allowed to remain within the well for some time to dissolve any limestone, dolomite or
calcite minerals present within the reservoir rock. Other fluids may be injected at higher pressure to
create new fractures within the rock, also known as hydraulic fracturing. Common base fluids for
fracturing are water or an energized mixture of water and entrained gas (e.g., nitrogen, carbon dioxide).
Less common base fluids may be a mixture of water and petroleum distillate or entirely hydrocarbons
and alcohols. In specific cases, acids may be used as the primary fracturing fluid to dissolve carbonate
reservoirs. After the initial fracturing, gelling agents are added to increase the viscosity of the fluid and
to facilitate transport of a proppant into the fractures so that the pressure in the formation does not
reseal the fractures. Common proppants include various sizes of sand, ceramic beads and sintered
bauxite. Next, a gel breaker is injected into the well to reduce the viscosity of the fracturing fluid and
allow it to return to the surface without the proppant. These fluids may also contain a number of other
additives intended to protect the integrity of the well and the formation during injection, such as
friction reducers, scale and corrosion inhibitors, biocides and others. Further discussion of these other
additives can be found in the Analysis of Hydraulic Fracturing Fluid Data from the FracFocus Chemical
Disclosure Registry 1.0 (U.S. EPA, 2015a).

The fluids produced from a well are typically some mixture of crude oil, natural gas and associated
water. This mixture is immediately directed to one or more oil and gas separators that use baffles or
other means to partition the different phases based on density. Natural gas rises to the top of the tank.
Depending on the volume of gas generated and the available infrastructure, the natural gas may be
flared off or collected for sale. Natural gas may require additional treatment to remove impurities prior
to sale. Common treatments include passing the gas through specialized filters to remove either water
vapor (“dehydration”) or acidic gases, such as hydrogen sulfide and carbon dioxide (“sweetening”).
These treatments may produce other salable products, such as elemental sulfur, compressed carbon

dioxide, and natural gas liquids (e.g., propane, butane). The remaining natural gas, which is primarily
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methane, is sent to a transmission line for transport for sale.* The separated crude oil is skimmed off
the top of the water and sent to a heater treater that accelerates the breakdown of any emulsified water
by applying heat. The remaining crude oil is sent to tanks for storage until it can be transported offsite
for sale or further refinement. Figure 3-2 provides an example of typical operations to separate out oil

and gas for transport.

Figure 3-2: Typical Production Operation for Oil, Gas, and Water Separation.

The waste generated in the greatest volume during production by far is the wastewater that flows from
the well. At first, the wastewater might be composed primarily of hydraulic fracturing fluids that have
returned to the surface (“flowback”), but over time the injected fluids will mix with the water in the
hydrocarbon-bearing formation (“formation water”). This mixing makes it difficult to determine what
fraction of the wastewater originates from the formation at any given time. Therefore, the waste liquids
generated from a well are collectively referred to as “produced water.” At the ground surface, produced
water is separated from any salable hydrocarbons and sent to pits or tanks for storage prior to disposal

or recycling back into fracturing fluids.

Another waste routinely generated during production consists of solids that settle out and accumulate
in flowlines, pits, tanks and other equipment along the production line. These solids are commonly
referred to as sediment, sludge or vessel bottoms. Depending on where in the production line the
sediment accumulates, it may contain a variable mixture of proppant, formation solids, chemical
precipitate, paraffins, condensed liquids, heavy hydrocarbons and other substances that settle out of
solution. These solids must be cleaned out of the pits and tanks periodically and are expected to be

managed as a separate waste stream. Cleaning may be done manually or with the aid of mechanical

4) Because natural gas often requires processing to remove water vapor and other impurities prior to entering the sales line, gas
plants are considered to be part of primary operations regardless of the location with respect to the wellhead.
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devices (“pigs”) used to scrape the insides of narrow pipes and flowlines. If the solids contain high levels
of oily residue, the solids may be sent to a crude oil reclamation facility to salvage the oil. Occasionally,
if the solids have a high fluid content, they may be disposed along with the produced water. Otherwise,

the solids are likely to be sent as a separate waste stream for disposal.

A number of additional waste streams may be generated periodically during oil and gas production at
far smaller volumes than produced water. Examples include filter socks used to remove solids from
produced water, spent sorbents used to remove impurities from natural gas (e.g., glycols, amines, solid
desiccants), and backwash used to the clean filters for reuse. Backwash and other wastewater may be
managed in the same pits and tanks as produced water, but spent filters and sorbents are expected to

be handled as a separate waste stream for disposal.

3.1.3. Well Maintenance

A variety of maintenance operations (“workover operations”) may be required during the operational
life of a well to maintain or enhance production. It may be necessary to first stop the flow of production
fluids from the formation by pumping a high-density fluid similar to the completion fluids down the
well to control formation pressure. If the well is damaged, it may be necessary to repair or replace
downhole equipment. If the hydrocarbon formation becomes plugged with sand, paraffin or other fine
grained materials, it may be possible to use a combination of hot liquids, acids and other physical or
chemical treatments to remove the accumulations. If production cannot be restored, other options may
include re-stimulating the well through hydraulic fracturing, plugging the wellbore with cement and
re-completing the well in an upstream location, or re-drilling the well into a deeper production zone.
Because many of these operations are similar to those conducted for well installation and completion,
many of the wastes generated are also similar.

One distinct workover waste is pipe scale that forms when oversaturated minerals precipitate out of
produced water and adhere to the inside of production tubing and gathering lines. Scale buildup can
clog pipes and cause significant drops in production. Some types of scale can be readily removed
through a combination of acid solution or mechanical scrapers. The dissolved or dislodged scale will
then become incorporated into settled solids or other waste streams. However, some types of scale are
highly recalcitrant and may require equipment to be removed from service in order to dislodge the
scale. In some cases, the equipment may be disposed with the scale still intact. Given the difficulty of

removal, this type of scale is expected to be managed and disposed as a separate waste stream.

Oil and Gas Production Rates
Both the U.S. DOE Energy Information Administration (EIA) and the Independent Petroleum

Association of America (IPAA) compile statistics on crude oil and natural gas production in the United
States. Available data show that onshore production occurs in 34 states, though a minority of states
account for the majority of production. Table 3-1 summarizes the states with the greatest number of
active (i.e., producing) wells. These data were drawn primarily from 7he Distribution of U.S. Oil and
Natural Gas Wells by Production Rate (U.S. DOE, 2018a). This dataset does not currently include any

data for Idaho, Illinois or Indiana and so total well counts were drawn from relevant state agency
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websites. The number of gas wells in these three states were drawn from the EIA data series, Number
of Producing Gas Wells (U.S. DOE, 2018b) and the number of oil wells was calculated by subtraction.

Table 3-1. Estimated Number of Active Wells in 2016 by State

Rank State Total Number Number of Number of Percent of
of Wells 0il Wells Gas Wells All Wells

1 Texas 309,970 174,654 135,316 29.5%
2 Oklahoma 83,977 36,002 47,975 8.0%
3 Pennsylvania 80,426 11,489 68,937 7.7%
4 Kansas 74,050 51,326 22,724 7.1%
5 New Mexico 58,338 17,837 40,501 5.6%
6 West Virginia 56,971 3,704 53,267 54%
7 Colorado 54,987 8,885 46,102 5.2%
8 California 52,848 48,865 3,983 5.0%
9 Ohio 45,154 13,124 32,030 4.3%
10 Louisiana 36,777 19,003 17,774 3.5%
11 Wyoming 33,783 10,090 23,693 3.2%
12 lllinois 32,100 32,064 36 3.1%
13 Kentucky 19,705 5,145 14,560 1.9%
14 North Dakota 14,396 13,942 454 1.4%
15 Michigan 13,595 3,689 9,906 1.3%
16 Utah 12,622 4,192 8,430 1.2%
17 Arkansas 11,671 1,875 9,796 1.1%
18 New York 10,873 3,120 7,753 1.0%
19 Montana 10,173 4,645 5,528 1.0%
20 Virginia 8,161 9 8,152 0.8%

Top 20 States 1,020,577 463,690 556,917 97.2%

All U.S. Wells 1,049,560 481,781 567,779 100%

Total lllinois Wells: https://www.dnr.illinois.gov/OilandGas/Pages/AboutOilAndGaslnlllinois.aspx

The IPAA estimated there were a total of 1,072,973 active wells (578,167 oil and 494,806 natural gas)
in 2016 (IPAA, 2017). These counts differ somewhat from EIA estimates, though the overall order of
magnitude is the same between the two sources. The IPAA does not provide a similar breakout by state,
which prevents more in-depth comparisons. Counts by well type are complicated by the fact that
individual wells can produce a mixture of crude oil and natural gas. For record-keeping purposes, wells
are often designated as either oil or gas based on which is produced in greater quantities.® Thus, well
counts do not provide a reliable proxy for the total production of oil or gas in individual states. Table

3-2 summarizes data on oil and gas production in the highest producing states from the EIA data.

5)  One barrel of oil is equivalent to approximately 6,000 ft* of natural gas.
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Table 3-2. Estimated Crude Oil and Natural Gas Production in 2016 by State.

Crude Oil Production Natural Gas Production
Rank Volume Percent of Volume Percent of
State (MMBL) Total Volume State (Bcf) Total Volume

1 Texas 1,176 36.4% Texas 8,126 24.8%
2 North Dakota 378 11.7% Pennsylvania 5313 17.0%
3 California 186 5.8% Alaska 2,868 10.1%
4 Alaska 179 5.5% Oklahoma 2,468 7.8%
5 Oklahoma 154 4.8% Wyoming 1,848 6.7%
6 New Mexico 146 4.5% Louisiana 1,708 5.6%
7 Colorado 116 3.6% Colorado 1,702 5.5%
8 Wyoming 73 2.2% Ohio 1,440 5.2%
9 Louisiana 56 1.7% West Virginia 1,375 5.0%
10 Kansas 38 1.2% New Mexico 1,285 4.1%
11 Utah 31 0.9% Arkansas 823 2.2%
12 Montana 23 0.7% North Dakota 609 2.1%
13 Ohio 22 0.7% Utah 365 1.0%
14 Mississippi 20 0.6% Kansas 243 0.7%
15 Illinois 9 0.3% California 196 0.7%
16 Alabama 8 0.3% Virginia 120 0.5%
17 West Virginia 7 0.2% Michigan 101 0.4%
18 Pennsylvania 6 0.2% Alabama 100 0.3%
19 Michigan 6 0.2% Kentucky 92 0.3%
20 Arkansas 5 0.2% Montana 52 0.2%
Top 20 States 2,640 82% Top 20 States 30,834 95%

Total U.S. 3,232 100% Total U.S. 32,592 100%

MMBL = Million Barrels

Bcf = Billion Cubic Feet

Crude Oil Production: https://www.eia.gov/dnav/pet/PET CRD CRPDN_ADC MBBL _M.htm
Natural Gas Production: https://www.eia.gov/dnav/ng/ng_prod_sum_a_EPGO_FGW_mmcf_a.htm

The IPAA estimated national production to be 3,231 MMBL of crude oil and 32,800 Bcf of natural gas
(IPAA, 2017), which align well with EIA estimates. It is clear from EIA data that production varies
considerably among states and that a greater number of wells does not always translate to higher
production. One reason is the age of the wells. Although wells can be re-stimulated by various means
to recover output, production will inevitably decrease over time as the local reserves are depleted.
Wells that no longer produce more than 10 BL of oil or 60,000 ft* of natural gas per day are classified
as marginal wells (or “stripper wells”). The Interstate Oil and Gas Compact Commission (IOGCC)
estimated that in 2016 a total of 396,023 oil wells and 381,334 gas wells had marginal production. These
wells account for around two-thirds of active wells in the country and nearly all of the wells in some
states. Altogether, marginal wells are estimated to produce between 284 and 404 MMBL of crude oil
and 1,880 and 2,760 Bcf of natural gas, around 10% of nation-wide production (U.S. DOE, 2016a,b;
IOGCC, 2017; IPAA, 2017). While the number of marginal oil wells and associated production have
remained steady over the last two decades, the number of marginal gas wells and associated production
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have nearly doubled (IPAA, 2017). This change reflects broader trends in the oil and gas industry over
this time period. Table 3-3 provides a comparison of industry statistics from 2016 with those reported
in the 1987 Report to Congress.

Table 3-3. Change in Industry Statistics, 1985 to 2016

Source: U.S. EPA (1987a) Source: IPAA (2017) % Change
source EPA IPAA IPAA IPAA
Total Active Wells 842,000 889,970 1,072,973 +20.6%
Wells Completed per Year 70,000 70,796 14,379 -79.7%
Petroleum Production (MMBL) 3,650 3,274 3,231 -1.3%
Natural Gas Production (Bcf) 16,100 19,600 32,600 +66.3%

MMBL = Million Barrels
Bcf = Billion Cubic Feet

This comparison shows that production of oil has remained stable over the past three decades, while
production of natural gas increased substantially. The increase in natural gas production is attributed
primarily to the adoption of directional drilling and hydraulic fracturing that allowed access to oil and
gas trapped in black shale and other unconventional formations. In 2016, a total of 14,379 wells were
completed. Over the same time period, the number of active horizontal wells increased by around 6,200
(IPAA, 2017; U.S. DOE, 2018a). Figure 3-3 shows the location of the major tight oil and shale gas plays
across the United States. It is notable

that many states with these plays are

also those with the greatest annual

production volumes (e.g., Texas,

Oklahoma, Pennsylvania).

A simple comparison of production
statistics at two points in time does
not provide a complete picture of
how the industry changed in the
intervening time. The production
boom in the early 2000s resulted in a
dramatic increase in the number of
oil and gas wells drilled, though the

annual number of wells never . . . .
Figure 3-3: Major Shale Gas and Tight Oil Plays

reached the same levels reported in Source: (U.S. DOE, 2018d)

1985. Over the same period, oil and

gas production increased substantially. The increased production has been maintained so far, even as
the number of new wells decreased in recent years. Figure 3-4 provides a year-by-year comparison of
the number of wells completed each year and the annual production volume over the past two decades
(IPAA, 2017; U.S. DOE, 2018c,d).
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Figure 3-4: Comparison of Well Completion and Production Volume, 1997 to 2017.

The recent decline in the number of drilled wells reflects advances in the available technology and
drilling techniques. Between 2000 and 2016, the fraction of wells in operation that are horizontal
increased from 1% to 12% (U.S. DOE, 2018a). Horizontal wells provide greater contact between the
well and the reservoir rock and so are capable of producing greater volumes of product. In 2017, only
1% of vertical wells were able to produce more than 100 BL/day of crude oil, but 30% of horizontal
wells exceeded this production volume (U.S. DOE, 2018e). The growing number of horizontal wells
have allowed sustained production growth even as the well count has fallen. Current forecasts predict
that production from tight oil and shale gas formations will continue to grow into 2019, driven in part
by recent discoveries in the Permian basin (U.S. DOE, 2018f; U.S. DOI, 2018).

Waste Generation Rates

The exploration and production of crude oil and natural gas generates substantial quantities of waste
compared to many other industrial sectors. However, information on waste volumes is not routinely
collected nationwide. Although some states collect and maintain data on the wastes generated within
their respective boundaries, the methods and metrics used to collect these data are not uniform
(U.S. GAO, 2012). In addition, some states exempt certain wastes from regulation and so data may not

be available. This makes it difficult to compare and aggregate data on a wider scale.

Some recent efforts have been made to provide estimates for individual wastes. The U.S. DOE Argonne
National Laboratory (ANL) estimated that 21,000 MMBL of produced water were generated in 2007
(U.S. DOE, 2009), while the Ground Water Protection Council (GWPC) estimated a total of 21,180
MMBL were generated in 2012 (GWPC, 2015). However, these estimates do not fully capture the
increased production in unconventional formations or the more recent decline in the number of wells

completed each year. Therefore, these estimates may no longer be fully representative.

The most recent national-scale estimates for many E&P wastes are from the American Petroleum
Institute (API, 2000). API used data from a 1995 survey to calculate relationships between production
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metrics (e.g., volume of oil produced) and the volume of waste generated. These relationships were
then used to scale waste volumes based on various production metrics in 2000. For the purposes of this
discussion, EPA used the same relationships to update waste volumes based on more recent production

metrics. Table 3-4 summarizes the estimated waste generation in 2016.

Table 3-4. Estimated E&P Waste Generation in 2016

Waste Type Density Volume Mass Percent of
(Tons/BL) (MMBL) (MM tons) Total
Drilling Fluids/Mud 0.21 934 19.6 0.4%
Drill Cuttings 0.23 335 7.5 0.2%
Stimulation/Workover Fluids 0.18 7.2 1.3 < 0.1%
Settled Solids 0.24 2.7 0.64 < 0.1%
Pipe Scale Insufficient Data Available
Produced Water 0.18 24,942 4,452 97.7%
Natural Gas Treatment Residuals 0.18 0.31 0.06 < 0.1%
Wastewater Treatment Residuals 0.31 249 77 1.7%
Hydrocarbon Bearing Soil and Debris 0.22 1.8 0.4 < 0.1%
Total 25,330 4,559 100%

MMBL - Million Barrels

Use of the same scaling factors assumes that the relationships between production and waste generation
have remained constant over time. However, the volume of waste generated by a given well is related
to the type of hydrocarbon produced, the geographic location of the well, and the method of production
(U.S. GAO, 2012). Therefore, shifts in overall type, location and age of wells can all affect this
relationship. API estimated that, between 1985 and 1995, the average volume of produced water
generated for every barrel of oil increased by 1.4 barrels as a result of growing population of aging wells
in conventional formations (API, 2000). Since that time, the existing fleet of wells has continued to age
and newer wells have been drilled in unconventional formations. These new wells tend to be drilled a
greater distance through the producing formation and generate greater quantities of produced water
early in the life of the well. As a result, current estimates may underestimate waste volumes to some
degree. Nevertheless, these estimates still provide a reasonable comparison of relative waste volumes.
Produced water is the E&P waste generated in the largest volume by far and this is unlikely to change.

However, this does not mean that the other wastes are not as environmentally significant.

Economic Structure

Under RCRA, EPA is generally prohibited by statute from considering cost as a basis for whether
regulation is necessary. However, the Agency is also required by executive order to quantify both the
expected costs to the industry and benefits to human health and the environment from significant
regulatory actions. This information allows the Agency to transparently assess and communicate the
potential impacts of different actions to the public. Therefore, EPA assembled available data on the

economic structure of the oil and gas industry.

The North American Industry Classification System (NAICS) is the standard used by federal agencies

to classify business establishments for the purpose of collecting, analyzing and publishing statistical
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data related to the economy. The NAICS numbering system employs a 2 to 6-digit code that designates
individual industrial sectors with increasing specificity based on the number of digits. The entire
upstream oil and gas subsector is captured by the 3-digit code NAICS 211: Oil and Gas Extraction. The
industry can be further subdivided into two 6-digit NAICS national industries: NAICS 211120: Crude
Petroleum Extraction and NAICS 211130: Natural Gas Extraction. The information in this section is
profiled at the 3-digit NAICS industry segment level.

A number of organizations collect data on the economic conditions of the oil and gas industry and the
contributions to the U.S. economy. For example, both the Bureau of Economic Analysis and the EIA
collect data on the consumption and production of crude oil and natural gas and petroleum products,
and the Federal Reserve Bank reports capacity utilization for the industry which measures how much
capacity is being used of the total available capacity for production. A variety of peer-reviewed
publications have analyzed the market structure, pricing, and concentration of the industry and there
are a variety of sources used to assess the financial conditions of firms in the industry (i.e., SEC filings
are available to assess the financial conditions of public companies). The following text provides a brief

summary of available data on revenue and employment in the oil and gas industry.

3.4.1. Revenue

Revenue data provide insight into the economic conditions of the oil and gas industry over time.
Economic Census data are widely used to assess economic impacts as a percentage of revenue; however,
these data are only collected every five years. Table 3-5 summarizes the available data on revenue in
the Oil and Gas Extraction sector from the Economic Census for years 2007 and 2012. Data for the 2017
Economic Census are not slated for release until September 2019.

Table 3-5. NAICS 211: Oil and Gas Extraction — Revenues

Value of sales, shipments, Average sales, shipments, receipts,
Number of : .
Year Establishments receipts, revenue, or other revenue, or other business per
business (Million $) establishment (Million $)
2012 6,735 $310,960 $46.1
2007 6,260 $255,105 $40.7
Percent Change 17.96% 11.74%

Source: https://www.census.gov/programs-surveys/economic-census/data/tables.html

Between 2007 and 2012, the overall Oil and Gas Extraction sector experienced increases in revenue.
EIA predicts natural gas and natural gas liquids have the highest projected production growth (U.S.
DOE, 2019). The EIA predicts strong growth in U.S. natural gas production, but points towards
heightened uncertainty regarding future oil supply and demand as a result of international market
conditions, though EIA’s natural gas price projections depend more on domestic factors that drive
supply, including domestic resource and technology assumptions, than on international conditions
(U.S. DOE, 2019).

3.4.2. Employment
The Economic Census collects data on the number of individuals that are employed at both the firm

and establishment level. The U.S. Census Bureau (Census) considers an establishment to be a single
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physical location where one predominant activity occurs, while a firm can have multiple
establishments defined by a unique Employer Identification number issued by the Internal Revenue
Service. The Economic Census provides extensive statistics on U.S. businesses, but the data are only
collected every five years, most recently in 2012. The Census also collects the Statistics of U.S.
Businesses series annually, which provides more limited data. Table 3-6 reports the number of firms,
establishments and employees by employment size in the NAICS 211: Oil and Gas Extraction sector by
using data from the Statistics of U.S. Businesses, which has historical data available back to year 1988.

Table 3-6. Oil and Gas Extraction - Employment in 2016

Empl?yment Nun.aber of Nun.lber of i e
Size Firms Establishments
0-4 3913 3,919 6,562
5-9 818 830 5,306
10-19 427 446 5,562
20-99 396 481 14,203
100-499 98 246 14,858
500+ 108 1,408 75,649
Total 5,760 7,330 122,140

Source: https://www.census.gov/data/tables/2016/econ/susb/2016-susb-annual.html

Combining the data on employment with the number of reported firms provides an estimate of the
average employment per firm. In 2016, the Oil and Gas Extraction sector employed an average of 21
employees per firm. The Small Business Administration defines small firms as having 1,250 or fewer
employees for both NAICS 211120: Crude Petroleum Extraction and NAICS 211130: Natural Gas
Extraction. By this standard, the percentage of small firms and establishments in the industry is high.
Over 99 percent of firms are considered small, while over 80 percent of establishments are considered
small.

3.4.3. Resolution of Available Data

EPA is not aware of any publicly-available sources that provide economic data for this industrial sector
at a finer resolution than the establishment or firm level. There is little information available about the
number and type of wells, pits, tanks and other relevant operational units associated with each
establishment or firm. Therefore, it is difficult to know how the costs of regulatory requirements for
specific types of operational units, such as wells, pits, or tanks, would be distributed across the industry.
Any evaluation of potential economic impacts would require extrapolation and estimation of cost and
revenue based on some assumptions about the number and type of operating units present. This

represents a major source of uncertainty in any analysis.
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4. Waste Management

Wastes that are generated over the course of E&P operations must be managed prior to disposal or

reuse. There are a variety of options for onsite or offsite management available. The purpose of this
section is to describe the most common methods to store and dispose of waste that fall under the
jurisdiction of RCRA. Although a large fraction of wastes are ultimately disposed through injection
wells, either for disposal or enhanced recovery (GWPC, 2015), these specific practices are not addressed

in this document.

EPA attempted to assemble specific information from state permits for the various waste management
units (e.g., pits, landfills, land application facilities); however, a comprehensive review of these permits
was not feasible at this time. The number of permits and associated documentation is enormous and
often requires foreknowledge of individual wells or waste management units to access each one
(e.g., well number, county). Therefore, this section instead aims to use available information to provide
a general overview of different waste management practices for E&P waste and some of the major

environmental design considerations for each.

4.1. Pits

Pits (alternately referred to as “impoundments,” “ponds,” “lagoons” or “sumps”) are generally excavated
areas of land where waste is placed for temporary storage or ultimate disposal. These pits are typically
constructed below grade, though there may be berms or dikes around the perimeter that extend above
the ground surface. The size of the pit is dictated primarily by the volume of waste that will be
generated. Therefore, pits that service multiple wells will tend to be larger.

There is limited information available on the current number of pits in operation. Between 1996 and
2002, EPA estimated a total of 28,000 pits at E&P sites across Colorado, Montana, North Dakota, South
Dakota, Utah and Wyoming (U.S. EPA, 2003). In 2019, Colorado reported a total of 3,426 active pits
(CODNR, 2019), which is a substantial decrease from the 10,950 pits previously estimated in this state
by EPA despite the increase in shale gas production over the past decade. It is unknown whether a
similar decrease has occurred in other states. The literature suggests that multi-well pits are becoming
more common and may include water recycling systems to provide water for drilling and completion
of subsequent nearby projects (Carpenter, 2014). Regardless of location, pits have a number of design

considerations based on the types of materials managed and applicable state regulations.

Pits may be constructed with compacted local soils or lined with a range of different materials, such as
concrete, compacted clay or high-density polyethylene. Liners may be installed to prevent infiltration
of stored fluids into the underlying soil. This prevents loss of materials (e.g., fresh water) or release of
contaminants to the surrounding environment (e.g., produced water). Figure 4-1 provides an example
of two separate pits with a geomembrane liner. The larger pit contains drill cuttings, while the smaller
pit contains drilling fluid that will be circulated into the well.
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Figure 4-1: Pits with Visible Liners.
Source: Left: Bill Cunningham, U.S. DOI Geological Survey; Right: U.S. EPA

Most pits are open to the air, which may allow birds and other wildlife to come in direct contact with
the waste. These pits may not attract birds during the drilling process due to human activity and noise.
However, once the drilling rig and other equipment are removed from the well pad, animals may be
attracted to the water and insects entrapped in the pit fluids (U.S. DOI, 2009). A number of states
recommend or require netting or another type of barrier around pits to prevent access by wildlife and
intruders. Fencing and netting may be constructed from a range of materials, such as chain link, barbed

wire, and fabric. Figure 4-2 provides examples two pits with both fencing and netting.

Figure 4-2: Pits with Fencing and Netting.

Source: Left, U.S. DOI Fish and Wildlife Service; Right, U.S. EPA

State regulations specify over 20 different types of pits based on various factors, such as the duration
the pit will be in use (e.g., temporary, permanent), the stage of operations (e.g., drilling, production) or
the materials that will be managed (e.g., fresh water, produced water). However, the terminology used
by different states can overlap and conflict. Therefore, EPA focused on broad categories of pits for the

purposes of this general discussion.
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4.1.1. Reserve Pits

Reserve pits are used for the storage of the wastes (e.g., drill cuttings, spent drilling fluid) generated
during well installation. The primary wastes that are managed in these pits include drill cuttings and
spent drilling fluids. However, used completion fluids and other miscellaneous, smaller-volume wastes
may also be placed in these pits. Reserve pits are temporary and only active until the well has been
installed and the wastes have either been removed or prepared for disposal in place. Installation time
varies considerably but is generally on the order of a few weeks to a few months. Most states require
closure of reserve pits within 6 to 12 months of completion of drilling so the total length of time a
reserve pit may be present on a site is expected to be between 6 and 15 months. As a result of the
relatively short lifespan of these pits, it is anticipated that the majority of units currently in operation
have been constructed in compliance with current state regulations. However, reserve pits that service

multiple wells on a single pad may operate for longer periods of time.

It is unknown how many reserve pits are currently in operation. Under the assumption that there is
one reserve pit associated with each well drilled, there could have been as many as 14,379 new reserve
pits created in 2016 (IPAA, 2017). The actual number is likely to be lower, as some sites will use tanks
or centralized pits. Pits are sized primarily based on the total length that will be drilled, which can vary
considerably based on the formation and the type of well. Horizontal wells can generate anywhere
between 30 and 70% more cuttings than vertical wells (Johnson and Graney, 2015). A study conducted
by the U.S. DOI Fish and Wildlife Service reported that pits in two areas of Wyoming range in size
from 10,200 to 24,000 ft? (U.S. DOI, 2009). A recent study in Texas estimated the average area of reserve
pits designed for long residence times to allow solids to settle out was 75,000 ft> with a volume of 25
MBL (Redmon et al., 2012). SkyTruth reviewed aerial photography around permitted drilling locations
to identify the number and size of pits across Pennsylvania. Table 4-1 provides the estimated number
of pits and associated areas identified by this effort. The same effort also tracked the presence of pits
over time and found that nearly 80% of the pits identified were no longer present three years later.

This indicates that many of the pits identified onsite are likely to be shorter-lived reserve pits.

Table 4-1. Summary of Pit Sizes in Pennsylvania

Year Number of Pits Average Area (ft?) Median Area (ft?)
2005 11 1,998 1,132
2008 237 3,415 1,834
2010 581 11,211 6,568
2013 529 24,780 20,374

Source: https://www.skytruth.org/2014/10/pa-drilling-impoundments-2005-2013/

When well installation is completed, the free liquids in the reserve pit are generally removed to the
extent practicable, either through pumping or evaporation. The remaining solids are a mixture of drill
cuttings and residual solids left by the drilling fluids that may include additives, such as bentonite clay
and barite. Any residual liquids that are intermingled with these solids may be stabilized with lime or
fly ash prior to disposal. Pits may be closed in different ways depending on state requirements. In some

states, the waste solids may be disposed in place by folding the liner over the dewatered drill cuttings
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and backfilling the pit with soil. In other states, the cuttings and any liner must be removed and

disposed of at an offsite facility approved by the state to accept E&P wastes.

4.1.2. Production Pits

Production pits are used for the storage of wastes generated during well production. The primary waste
managed in these pits is produced water. These pits will also gradually accumulate sludge at the bottom
of the pit from settling of suspended solids and precipitation from produced water. Other smaller-
volume wastes may also be placed in these pits. These pits can be present throughout the lifespan of a
well, which may extend anywhere from 15 to 50 years. EPA identified one state that reported the
number of production pits. The California State Water Board conducted an inventory of pits that
contain produced water, as well as the numbers that are both lined by the state. Table 4-2 provides a

summary of reported active production pits as of January 2019.

Table 4-2. Number of Active Production Pits in California

Region Total Lined Unlined
Central Coast 41 32 9
Los Angeles 76 76 0
Central Valley 561 31 530
Santa Ana 2 0 2

Total 680 139 541

Source: https://www.waterboards.ca.gov/water issues/programs/groundwater/sb4/oil field
produced/produced water ponds/

EPA identified little information about the typical size of production pits. However, pits associated
with horizontal wells are expected to be much larger than other pits to accommodate the large volumes
of produced water generated. EPA previously estimated that between 0.3 and 1 million gallons (7.1 to
23.8 thousand barrels) of water can be produced in the first 10 days after hydraulic fracturing, primarily
from the flowback of injected water (U.S. EPA, 2016a). Due to the large volume of waste produced over
a short period of time, such large pits may not always be economical to construct onsite. Centralized
pits in the Permian Basin of Texas have been reported to be as large as 320,000 ft> (McEwan, 2012).

When production is complete, the liquids in the production pit are removed to the extent practicable.
This may be accomplished through pumping, evaporation or discharge to ground or surface water.
Liquids that are removed from the pits may be disposed or recycled for use at nearby wells. It has been
estimated that hydraulic fracturing produced about 660,000 MBL of produced water for disposal in
2017 and of that, about 14% was treated and reused (Presley, 2018). Additional treatment may be
applied to solid residuals (e.g., sludge) including thickening, stabilization, and dewatering processes
prior to disposal. These solid residuals may be sent to a landfill, land spread, or incinerated (Morillon
et al., 2002).
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4.1.3. Other Pits

There are a number of other specific pits that may
be present at E&P sites. Some of these pits may
be used to hold specific wastes, such as well
blowdown or gas processing condensate. Other
pits may be used for specific events. For example,
emergency pits are used to contain excessive or
unanticipated amounts of fluids generated during
an emergency situation in the drilling or

operation of a well, such as a well blowout or a

pipeline rupture. Flare pits are intended to collect

any liquids that remain after hydrogen sulfide Figure 4-3: Flare Pit.

and other gases are burnt off. Figure 4-4 shows Source: 5. DOI Fish and Wildife Service

an example of a flare pit. These pits are not intended for the prolonged storage of waste and are typically
emptied as soon as possible after use. There is little information available on the number of these pits.
However, because of the specific uses for these pits, the size tends to be much smaller than reserve or

production pits.

Tanks

Tanks are prefabricated structures used both to separate waste from product and to store wastes prior
to transport offsite. Tanks may be installed aboveground or below the surface. The size of individual
tanks typically ranges between 100 to 1,000 BL, depending on the rate of production. The number of
tanks needed at a site will vary based on the quality and quantity of crude oil, natural gas and produced
water generated. If a well produces high-quality oil and little gas or water, a site may only require a
single tank to store oil. However, a site with heavy oil and substantial gas or water production may
need anywhere from two to ten tanks to separate and manage the various products and wastes. Multiple
tanks at E&P sites are commonly grouped together in batteries that include the tanks, flow lines and
the other equipment necessary to manage produced fluids. Colorado reported a total of 1,561 active
tank batteries (CODNR, 2019). Under the assumption that the prevalence of tank batteries is similar
among states and there is an average of three tanks per battery (i.e., separator, heater-treater, storage),
EPA scaled the number reported for Colorado for each state based on the number of active wells and
estimated there to be around 90,000 tanks across the country. However, this number may be higher in
high-producing regions. Regardless of the number of tanks, there are a number of design considerations

that depend on applicable state regulations and both the quantity and quality of the oil produced.

Tanks and the associated piping may be constructed from a variety of materials, such as steel, fiberglass
or polyvinyl chloride. Each material has specific strengths and weaknesses based on the temperature,
fluid corrosiveness, service pressure, duration of production, and operating costs at a given site. Steel
can sustain high-pressure flow and is easily welded, but can be prone to corrosion when exposed to
highly saline fluids (e.g., produced water). Although steel may be coated to protect against corrosion,
these treatments may not be effective at extreme temperatures (Heintz, 2005). Fiberglass tanks are light
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and resistant to corrosion, but are less conductive and so may be more susceptible to damage from
lighting strikes if not properly grounded (Wood, 2014). Polyvinyl chloride is a relatively inexpensive

option, but is not well-suited for high-pressure flow.

Tanks may leak during operation as a result of damage (e.g., puncture), degradation (e.g., corrosion) or
human error (e.g., overfilling). Therefore, secondary containment is often required to prevent releases
from migrating from the initial point of release before the spill can be identified and addressed. A
example design recommendation is for secondary containment to be large enough to hold 1.5 times as
much fluid as is stored in the largest tank; however, alternate volumes may be specified by state
regulations. Containment may be constructed from range of materials. Figure 4-5 shows examples of

tank design with secondary containment.

Figure 4-4: Tanks with Secondary Containment.
Sources: Left, U.S. EPA; Right, UWCE (2005)

4.2.1. Closed-Loop Drilling

Closed-loop drilling fluid systems are an alternative to reserve pits in which the flow path is not open
to the atmosphere. In a closed-loop system, a series of tanks are used together with specialized
equipment (e.g., screen shakers, hydrocyclones, centrifuges) to separate drilling fluid from drill cuttings
and other solids. This process minimizes the amount of fluid retained on the waste solids and maximizes
the amount of fluid recycled back into the drilling process. Minimizing the volume of waste solids
through fluid removal results in less waste ultimately disposed (Redmon et al., 2012). Prior to disposal
this dried waste may be stored in piles or dumpsters prior to transport offsite. Use of closed-loop drilling
is often considered a best management practice (NMEMNRD 2000; TXRRC, 2001).

4.2.2. Production Tanks

When a well begins to produce salable quantities of oil or gas, additional tanks are required to separate
the product from the waste. The most common types of production tanks are separator tanks (e.g., wash
tanks, settling tanks, gun barrel tanks) that use density differences to separate crude oil, natural gas and
produced water; heater-treater tanks that use heat from the sun or another source to rapidly break

down emulsions of oil and water; and storage tanks that hold the separated materials until ready for
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transport for sale or disposal. The composition of a tank battery may change over the life of the well.
Tanks may be added or removed to support changes in the volume of oil and produced water generated.
As the nature of production changes, different specialized equipment will need to be brought in to
meet different needs. For example, a well may initially have sufficient natural pressure to maintain
flow. However, as the natural pressure falls, it may be necessary to add equipment, such as a hydraulic
lift to maintain production. Figure 4-6 shows an example of the types of production tanks that may be

present at E&P sites.

Figure 4-6: Diagram of Production Tanks.
Source: Courtesy of ESD Simulation Training, Inc.

Tanks are neither intended nor suited for the disposal of waste. Therefore, at the end of the useful life,
all tanks should be cleaned out and transported offsite. This involves draining fluids from the tank and
removing any solids (i.e., sludge) that have accumulated on the tank bottom. The tanks that are

removed may be disposed, reused or recycled depending on the state of the tank.

4.2.3. Modular Large Volume Tanks

Modular large volume tanks (MLVTs) are freestanding aboveground tanks assembled in the field with
sectional frame that supports a synthetic liner that provides primary containment for fluids. These
types of tanks are more easily dismantled after use for transport to another location. However, because
of the greater number of seams present in the tank structure, there may be greater risk of catastrophic
failure if the tanks are not properly assembled and maintained. These tanks have been used to hold
both fresh water for use in hydraulic fracturing operations and wastewater from E&P operations,
though some states may place restrictions on the materials that may be stored in these tanks. Figure 4-

6 shows some examples of modular tanks.
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Figure 4-5: Modular Large Volume Tanks.
Source: Tipton (2013)

Land Application

Land application is the general practice of disposing of waste on surficial soils. Some states use different
terminology (e.g., land treatment, landfarming) to distinguish between application of different waste
types or method of application (e.g., surface spread, tilled). The primary purpose of this practice is to
promote decomposition of organic compounds. After application, the soil may be periodically tilled to
amend the soil with nutrients or aerate the waste to promote decomposition. Figure 4-8 shows some

examples of how E&P wastes may be land applied to the soil.

Land application may occur onsite around the
well pad or offsite. Offsite disposal may occur at
state permitted facilities or on private land with
the agreement of the landowner. It has been
reported that farmers have been paid to allow
application of E&P waste to lower-productivity
rangeland or pasture. It is unknown what effects
the application of E&P waste may have on the

quality and productivity of the soil; this is an area
of ongoing research (OCES, 2017).

Figure 4-6: Land Application of E&P Wastes.
Source: OCES (2017)

There are a number of design considerations for land application units based on the waste disposed and
where it is applied. Onsite applications typically occur only once and are generally limited to cuttings
drilled with water-based fluids. Offsite application may occur multiple times with a wider range of
wastes. States may place restrictions on the types of waste applied based on measured level of organics
(e.g., total petroleum hydrocarbons [TPH]), salts (e.g., chloride), and radioactivity (e.g., radium) or
based on the types of waste considered likely to have high levels of these constituents (e.g., oil-based
drilling fluid, horizontal cuttings). Restrictions may also be placed on where the waste is applied to

limit the potential for offsite migration (e.g., permeable soil, steep slope, flood zones).
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EPA did not identify any formal records of application onsite or offsite to private land. Offsite land
application is addressed in the regulations of at least eleven other states, though the location and
number are not publicly available (U.S. DOE, 2006). The size of land application facilities is often
unknown. Facilities identified in Texas range between 12 acres divided into 4 separate cells and 517
acres divided into 17 cells. One permit in Kansas shows an area of 160 acres divided into 10 separate
cells (KCC, 2012).

Other Offsite Disposal

There are a number of options for disposal of E&P waste at offsite facilities. Costs vary depending on
the location of the disposal facility, the method used for disposing of the waste, the type of waste, and
the extent of competition in the local or regional area. Although the costs of disposal are an important
consideration, transportation costs, laboratory fees, and other associated costs will also influence the
decision. Generally, operators will not be inclined to transport waste more than 50 to 75 miles unless
no other alternatives are available (U.S. DOE, 2006).

The availability of offsite facilities dedicated to E&P wastes varies by state. A 2006 report conducted by
the Argonne National Laboratory found that eight states with higher oil and gas production had a
dedicated network of offsite disposal facilities overseen by the state regulatory agency (i.e., Arkansas,
Colorado, Louisiana, New Mexico, Oklahoma, Texas, Utah, Wyoming). Seven states with less oil and
gas production did not have the same degree of infrastructure (i.e., Alabama, Michigan, Mississippi,
Nebraska, North Dakota, Pennsylvania, West Virginia). The remaining states had no industry-specific
infrastructure (i.e., Alaska, Arizona, California, Florida, Illinois, Indiana, Kansas, Kentucky, Missouri,
Montana, New York, Ohio, Tennessee, South Dakota, Virginia) (U.S. DOE, 2006). It is likely that states
without dedicated facilities for E&P wastes rely on the existing infrastructure for disposal of other solid

wastes (e.g., municipal solid waste landfills) to manage E&P wastes.

4.4.1. Landfills

Offsite landfills may be used for the disposal of certain E&P waste solids. These permitted landfills may
accept waste from a range of sources (e.g., municipal solid waste landfills) or may be dedicated solely
to E&P wastes. The wastes must meet the acceptance criteria for the landfill and so the composition of
the waste may determine the type of landfill selected. States have reported rejecting drill cuttings for
use as alternate daily cover as a result of high TPH and oily residue (ASTSWMO, 2015). The number
of offsite landfills that accept E&P wastes is not known. However, based on a review of state regulations
and websites, EPA is aware of both commercial and municipal solid waste landfills accepting certain
E&P wastes. Recent reports indicate that there is a trend in states with high oil and gas production
toward dedicated landfills (Karidis, 2017). In Texas, multiple new disposal facilities have recently been
constructed that include composite liners, leak detection systems, and groundwater monitoring
(Sandoval, 2018).
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4.4.2. Other Treatment and Disposal Facilities

Other treatment and disposal facilities may be used for the management of E&P waste solids and
liquids. This broad category of facilities is differentiated from landfills because the wastes sent to these
facilities are not permanently disposed on the ground surface. These facilities may be owned and
operated by one or more oil and gas operators (“centralized facilities”) or by entities other than the oil
and gas operator (“commercial facilities”). Some examples of treatment include crude oil reclamation
and wastewater treatment. Treatment can result in the reclamation of a useful product that might be
sold (e.g., crude oil), but can also generate new wastes that may be more concentrated than the original
E&P waste and must be disposed appropriately (e.g., water treatment residuals). Examples of disposal
include underground injection, percolation and evaporation. These facilities may use pits and tanks,
similar to those found near the wellsite, to store waste prior to treatment or disposal. Figure 4-9
provides examples of an evaporation pit with sprayers used for disposal of produced water (left) and a

centralized pit used for storage of produced water prior to water treatment (right).

Figure 4-7: Treatment and Disposal Facilities.
Sources: Left, Tipton (2013); Right, U.S. DOI (2013)

Information on the total number of different treatment and disposal facilities that accept E&P wastes
is limited. Between 1996 and 2002, EPA identified 36 centralized disposal facilities across Colorado,
Montana, North Dakota, Utah and Wyoming (U.S. EPA, 2003). EPA more recently estimated that up
to 74 centralized water treatment facilities may accept waste liquids from hydraulic fracturing (U.S.
EPA, 2016a). The Texas RRC provides a current list of 107 permitted “commercial recycling and surface
disposal facilities,” more than half of which are located in the Permian Basin. Many of these facilities
are dedicated to reclamation or recycling of waste, though 28 are also permitted for disposal of
treatment residuals. Several of the permits reviewed from Texas note the that residual wastes may be
disposed through onsite burial, deep well injection, or burial in RCRA Subtitle C facilities. These
permits also provide specifications for the size of pits, along with detailed requirements for waste
acceptance, constructing, waste testing, operating, groundwater monitoring, and closure. Table 4-3

provides examples of the types and sizes of pits present at select facilities in the Permian Basin.
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Table 4-3. Examples of Disposal Pit Sizes in the Permian Basin

Facility Name Facility Size  Pit Type Number Pit Area (ft?) Capacity (MBL)
Howard County Receiving 3 99,500 94.3
Treatment, Recovery 144 Acres Collecting 1 130,000 76.1
and Disposal Facility Disposal 5 798,000 5,100 to 6,700
Wishbone Facility th Receiving 2 4,000 43

Provided Disposal 10 Various Sizes 280 to 11,000
Midlar_\d SWD/SM.J(.jge 39.2 Acres Collecting 3 6,000 to 88,200 1.6 to 23.7
and Disposal Facility Disposal 4 1,500 to 448,200 900 to 2,900

Source: https://www.rrc.state.tx.us/oil-gas/applications-and-permits/environmental-permit-types-information/commercial-
surface-waste-facilities/commercial-recyclingdisposal-permits-list/

Beneficial Use

Beneficial use is a broad term that describes the practice of utilizing non-hazardous materials in a
productive fashion as an alternative to disposal. State programs generally have an administrative
mechanism in place that allows a generator to submit a request for a specific beneficial use. The relevant
state agency reviews the request to determine whether the proposed use is appropriate. Beneficial use
determinations are often made on a case-by-case basis after consideration of factors, such as the benefit
provided, the long-term performance of the use, and any potential risks to human health or the
environment (U.S. EPA, 2013). In some states, the structure for these determinations is clearly defined
and tools, such as application forms and detailed guidance, have been made available to assist the
applicants. In other states, regulatory language is written broadly and the specific data collection and

demonstration requirements are not specified upfront.

In 2013, the Association of State and Territorial Solid Waste Management Officials (ASTSWMO)
conducted a survey of state management practices. A total of 11 states of the 28 that responded to the
survey indicated they had approved various beneficial uses, such as drill cuttings (road base, concrete,
grading), drilling fluid (concrete), sludge (road application), and produced water (dust suppressant, de-
icing) (ASTSWMO, 2015). Other uses that have been reported for produced water in some western
states include livestock watering, irrigation, and streamflow supplementation (U.S. DOI, 2011).
Approval for these and other uses is often predicated on the use meeting certain criteria. States have
reported rejecting proposed uses because of unsuitable composition, either physical (e.g., grain size) or
chemical (e.g., oil and grease, chloride, radium, sulfate) (ASTSWMO, 2015). However, there is little
publicly available information about the frequency at which different states have approved beneficial

uses, the volumes that have been diverted to these uses, and where the uses occur.

Management of Exploration, Development and Production Wastes 4-11
Section 4: Waste Management



5. Waste Characterization

EPA conducted a literature review on the composition and environmental behavior of wastes generated

during well exploration and production operations. This information is needed to characterize the
potential magnitude of exposures that may result if wastes are released into the environment. As part
of this review, EPA assembled data for multiple types of wells (e.g., oil, coal bed methane, geothermal)
into an E&P constituent database. The majority of identified data are for oil and gas wells in non-coal
formations. These are the most numerous wells drilled across the country, both historically and
currently. These wells were also the primary focus of Onshore Oil and Gas Human Health and
Environmental Risk Assessment (U.S. EPA, 1987). Therefore, the review of data in this document
focused on wastes from these wells. Further discussion of the approach to assemble and review the data
are provided in Appendix B (Constituent Database).

Each of the following subsections summarize the available data for an individual waste type. Where
feasible, EPA calculated summary statistics for the concentration and activity of inorganic elements,
organic compounds and radioisotopes (“constituent levels”) in each waste type. When factors that
might affect waste composition were identified, EPA separated out the data to facilitate comparison
and discussion. In particular, EPA focused on potential differences between the wastes from horizontal
and vertical wells as a proxy for conventional and unconventional formations to understand whether
and to what extent hydraulic fracturing might affect waste composition. EPA did not compare wastes
from individual formations because it would further subdivide the available data and make meaningful
comparisons more difficult. The summary statistics and comparisons presented in this document are
intended to provide the Agency’s current understanding of constituent levels based on available data,
which in some cases are limited in quantity and geographic coverage. Even if the statistics do not
capture the full variability of each waste, the calculated values still provide useful information on the
possible magnitude of constituent levels in each waste, the relative constituent levels among different

wastes, and where data gaps still exist.

Spent Drilling Fluid
Drilling fluids (also referred to as “drilling muds”) are the materials used during well installation to cool
and lubricate the drill bit, control pressure within the borehole, seal drilled formations to prevent the
loss of drilling fluid into the formations and the influx of water from the formation into the borehole
(i.e., annulus), and to transport drill cuttings to the surface. These fluids are pumped downhole through
a hollow drill string and exit through nozzles in the drill bit back to the surface through the space
between the drill and the walls of the borehole. Once back at the surface, drilling fluid is mechanically
separated from the drill cuttings with equipment such as filter belts or centrifuges and treated to the
extent necessary for reuse. The fluids are considered spent once the composition is no longer suitable
for reuse, when changing geological conditions in the well require a new fluid formulation, or when
the wells are complete (U.S. EPA, 1987d). Spent drilling fluids are assumed to be managed primarily as

an aqueous waste, though there are known instances where the fluids are evaporated or otherwise
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dewatered prior to disposal as a solid. However, few data were identified for the residual solids and so

EPA did not separately discuss leachate from this waste.

5.1.1. Bulk Concentration

Drilling fluid is initially composed of a base fluid (e.g., water), solids (e.g., bentonite, cellulose) and
other chemical additives. The majority of drilling fluids use water as a base (API, 2000). As a result, the
majority of available data are for water-based fluids. However, oil- and synthetic-based fluids are still
used to address specific drilling scenarios, such as clay formations that could expand in the presence of
water. Additionally, compressed gases (e.g., air, nitrogen) have been used to drill in certain carbonate
and coal formations. Thus, EPA incorporated the limited data available for other drilling fluids.
However, due to the near absence of data on these other fluid types, it is not possible to draw any

separate conclusions about the resulting wastes.

Although the composition of the fluids is precisely engineered prior to use, the fluids will mix with
cuttings and formation water during drilling. This can introduce contaminants into the fluid that are
then transported back to the surface. The scope of treatment is often limited to restoring the physical
properties of the fluid necessary for reuse (U.S. DOI, 2011). As a result, recycling has the potential to

result in further accumulation of contaminants in the fluid.

Inorganic Elements

EPA identified a total of four studies that measured inorganic elements in drilling fluid. Three of these
studies drew samples from vertical wells in at least eight states (U.S. DOE, 1979; API, 1987; U.S. EPA,
1987d). EPA did not identify information that could be used to further weight the data to obtain a more
representative national distribution, such as the volume of waste generated in each state. Therefore,
data from each state were weighted equally. One other study drew samples from horizontal wells in
Pennsylvania (Shih et al., 2015). Table 5-1 presents the 50th and 90th percentile summary statistics of

available data for inorganic elements in drilling fluid.

Table 5-1. Inorganic Elements in Drilling Fluid (mg/L)

Vertical Wells Horizontal Wells
Constituent
n 50th 90th n 50th 90th
Arsenic 5/8 0.01 0.02 10/ 12 0.03 0.18
Barium 8/8 13 49 32/32 23.8 1,810
Boron 8/8 0.85 6.1 32/32 2.5 15.1
Chloride 8/8 2,000 33,000 35/35 17,000 89,000
Chromium 4/8 0.05 0.16 13/ 21 0.25 13
Copper 4/8 0.01 0.03 12 /20 0.17 0.53
Lead 2/8 0.07 1.0 12 /13 0.05 0.30
Manganese 8/8 0.19 5.6 32/32 29 13
Molybdenum 6/8 0.13 0.20 11/13 0.11 0.41
Nickel 2/8 0.05 0.15 13/19 0.20 0.39
Sodium 8/8 2,100 16,000 33/33 11,400 33,900
Strontium 8/8 41 223 35/35 63 1,558
Zinc 5/8 0.07 0.20 18 /25 0.09 1.7

n = Number of Samples Detected / Total
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Concentrations from horizontal wells are generally higher than those from vertical wells. However, it
is difficult to determine whether all of the observed differences are significant. The vertical dataset
consists primarily of single samples from various states, which are unlikely to capture the full variability
of any formation. The horizontal dataset shows there can be considerable variability within individual
formations. At the same time, the horizontal dataset consists entirely of unfiltered samples. Additional
constituent mass from solids suspended in solution could overestimate differences when compared with
filtered vertical samples. Despite these uncertainties, the data still provide useful information that can
be used to better understand the sources constituent mass and the potential differences between wastes

from vertical and horizontal wells.

Barium exhibits the greatest proportional increase in concentration between the two datasets. If total
suspended solids (TSS) are the source of high measured concentrations, then there must be a solid that
is enriched in barium. Cuttings from the formation are likely to have similarly enriched concentrations
of other common elements, such as iron and manganese. Another potential source of barium in drilling
fluid is barite (BaSO4). Barite is a common and high-density additive to drilling fluid. Industry-grade
barite is typically greater than 90% BaSOs (U.S EPA, 