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Chapter 4

Oil and Gas Wastes

INTRODUCTION
In 1985, approximately 842,000 oil and gas wells

in the United States produced 8.4 million barrels of
oil, 1.6 million barrels of natural gas liquids, and 44
billion cubic feet of natural gas daily (117). Along
with this high commodity production inevitably
comes the generation of waste, most of which is
disposed of through underground injection.

In searching for oil and gas, exploratory drilling
usually results in “dry” wells that are plugged and
abandoned. When an oil or gas reservoir is discov-
ered, development wells are then drilled to extract
the oil or gas. More than 70,000 exploration and
development wells were drilled annually in the
mid-1980s, although drilling activity decreased

sharply in 1986 and has remained depressed (99,
117) .  These  explora t ion  and  product ion  (E&P)

activities generate three types of “solid” wastes:
produced waters, drilling fluids, and other “associ-
ated’ wastes. Figure 4-1 illustrates the manner in
which oil, gas, and water are separated in a typical
production operation and the basic wastes that are
generated. The U.S. Environmental Protection Agency
(EPA) estimates that 3.7 billion tons of E&P waste
w a s  g e n e r a t e d  i n  1 9 8 5 ,  w h e r e a s  t h e  A m e r i c a n
Petroleum Institute (API) estimates that about 2.9
bi l l ion tons  was  generated that  year .  The two
estimates differ primarily in the amount of produced
water generated, as well as in how much of the
produced water is subject to jurisdiction under the
Resource Conservation and Recovery Act (RCRA)
(see “Waste Generation” below).

Produced waters are mixtures of the naturally
occurring (and typically saline l) water in the geo-
logic  format ion being dr i l led ,  na tura l ly  der ived
constituents such as benzene and radionuclides, and
chemicals added for treatment (e.g., corrosion inhib-
itors). The produced waters must be separated from
the oil and gas products before their entry into crude

or natural gas pipelines. Produced waters account for
96 to 98 percent of all oil and gas wastes.

Drilling fluids include drill cuttings (i.e., rock
removed during drilling) and drilling muds (water-
or oil-based fluids with additives, pumped down the
drilling pipe to offset formation pressure, provide
lubrication, seal off the well bore to avoid contami-
nat ion  of  var ious  geologic  layers ,  and  remove
cuttings) (117).2 Drilling fluids account for about 2
to 4 percent of oil and gas wastes.

Much smaller quantities of associated wastes are
produced. These include well completion, treatment,
and stimulation fluids; sediment, water, and other
tank bottoms; oily debris; contaminated soils; and
produced sands.3 They amount to about 0.1 percent
of oil and gas wastes. In addition, naturally occur-
ring radioactive material (NORM) such as radium
may also be brought to the surface with crude oil (see

box 4-A on page 77).

The exploration, development, and production of
oil and gas reserves vary markedly from region to
region. For example, wells range in depth from 30
feet in some areas to more than 30,000 feet in others,
with an average depth of about 5,000 feet (7, 117).
Production can range from fewer than 10 barrels per
day for thousands of small ‘stripper” wells to about
11,500 barrels per day for wells on the Alaskan
North Slope. Only 14 percent of total U.S. produc-
tion comes from stripper wells, yet they account for
about 70 percent of all U.S. oil wells (117); because
of their large numbers and potential environmental
impacts ,  these  wel ls  pose  s ignif icant  regulatory
challenges (e.g., concerns about enforcement and
economic impacts).

The  1980  Bentsen  amendments  to  RCRA ex-
empted drilling fluids, produced waters, and associ-
ated wastes from hazardous waste regulation pend-
ing further study and regulatory determinations b y
EPA. The amendments also directed EPA to distin-
guish between large-volume wastes (i.e., produced

l~e ~oncen~ation of ~~~ride~ fi pr~du~~ waters  ~~ ~ge from 5,000 to lgQ~O  p- per million. ~ contit, semwlter  is 35,()()() pUtS tOtid
dissolved solids; a portion of the total dissolved solids are chlorides, typically about 19,000 parts per million (117).

Themicals  added to drilling muds include acids and bases, salts, corrosion inhibitors, floccukuts, surfactants,  viscosifiers, dispersants, fluid loss
reducers, lubricants, and biocides (117).

353 Federal Register 25453, July 6, 1988; also see ref. 25.

-67–



68 . Managing Industrial Solid Wastes From Manufacturing, Mining, Oil and Gas Production, and Utility Coal Combustion

=
0.

“.

a)
c1

ci-

-r

h. .j’.,.
J-’i I :..:...:. ..>. :..- .....1



Chapter 4-Oil and Gas Wastes .69

Photo credit: ARCO Alaska, Inc.

A 5-foot-thick gravel pad in the Prudhoe Bay field on the
North Slope of Alaska supports drilling and production

equipment and contains above-grade reserve pits.

waters and drilling fluids, including fluids from
offshore operations that are disposed of onshore) and
associated wastes. In 1988, EPA determined that
Subtitle C regulation of these exempted wastes is not
warranted (see “Current RCRA Status of Oil and
Gas Wastes” below).4 This means that the wastes
are subject to existing State and Federal Subtitle D
regulatory programs. Oil and gas wastes that are not
exempt from Subtitle C regulation include refinery
wastes, waste solvents from equipment mainte-
nance, and spills from pipelines or other transport
methods (117).

WASTE GENERATION
Oil and gas waste generation depends on the level

of industry activity, which in turn varies with
petroleum prices. Thus, oil and gas waste generation
can vary considerably from year to year; it also
varies geographically. Table 4-1 (based on data from
API, cited in ref. 117) shows how the number of
wells and the generation of drilling fluids and
produced waters varied among States in 1985.

Based on data in its 1987 Report, EPA estimated
that 3.7 billion tons of produced water was generated
in 1985 (17). However, produced waters reinfected

Table 4-l—Estimated Volumes of Produced Water and
Drilling Wastes, 1985a

Produced Drilling
water wastes

Number of (thousand (thousand
State wells drilled barrels) barrels)b

Alabama . . . . . . . . . .
Alaska . . . . . . . . . . . .
Arizona . . . . . . . . . . .
Arkansas . . . . . . . . .
California . . . . . . . . .
Colorado . . . . . . . . . .
Florida . . . . . . . . . . . .
Georgia . . . . . . . . . . .
Idaho . . . . . . . . . . . . .
Illinois . . . . . . . . . . . .
Indiana . . . . . . . . . . . .
Iowa . . . . . . . . . . . . . .
Kansas . . . . . . . . . . . .
Kentucky . . . . . . . . . .
Louisiana . . . . . . . . .
Maryland . . . . . . . . . .
Michigan . . . . . . . . . .
Mississippi . . . . . . . .
Missouri . . . . . . . . . . .
Montana . . . . . . . . . .
Nebraska . . . . . . . . .
Nevada . . . . . . . . . . .
New Mexico . . . . . . .
New York . . . . . . . . .
North Dakota . . . . . .
Ohio . . . . . . . . . . . . . .
Oklahoma . . . . . . . . .
Oregon . . . . . . . . . . . .
Pennsylvania . . . . . .
South Dakota . . . . . .
Tennessee . . . . . . . .
Texas . . . . . . . . . . . . .
Utah . . . . . . . . . . . . . .
Virginia . . . . . . . . . . .
Washington . . . . . . .
West Virginia . . . . . .
Wyoming . . . . . . . . . .

TOTAL . . . . . . . . . . .

367
242

3
1,034
3,208
1,578

21
1
3

2,291
961

1
5,560
2,482
4,908

91
870
594

23
623
282

36
1,780

436
514

3,818
7,690

5
2,836

49
228

23,915
364

91
4

1,419
1,497

69,734

87,619
97,740

149
184,536

2,846,978
388,661

64,738
—
—

1,282,933
—
—

999,143
90,754

1,346,675
—

76,440
318,666

—
223,558
164,688

—
445,265

—
59,503

—
3,103,433

—
—

5,155
—

7,838,783
260,661

—
—

2,844
985,221’

20.873.24@

5,994
1,816

23
8,470
4,529
8,226
1,068

2
94

2,690
1,105

1
17,425
4,874

46,726
201

3,866
14,653

18
4,569

761
335

13,908
1,277
4,804
8,139

42,547
5

8,130
289
795

133,014
4,412

201
15

3,097
13,528

361.406, .
aBased  on American  Petroleum Institute survey reported in EPA (Decem-

ber 1987). EPA and API estimates for drilling waste and produced waters
differed significantly in some cases (see text).

bBased on total  volume  of drilling muds, drill cuttings, completion fluids,
circulated cement, formation testing fluids, and other water and solids.

‘-%Vyoming  estimated that 1.72 billion barrels of produced water were
generated in the State in 1985.

d[ncludes  only those States surveyed.

SOURCE: U.S. Environmental Protection Agency, Office of Solid Waste
and Emergency Response, Report to Congress: Management
of Wastes From the Exploration, Development, and Production
of Crude oi~, Natural Gas, and Geoffrermal  Energy, EPN530-SW-
88-003 (Washington, DC: December 1987).

underground for enhanced oil recovery (EOR) oper-
ations are not subject to RCRA jurisdiction because
this practice-at least from the point of the wellhead
down-is regulated under the Safe Drinking Water

du~e tie o~w ~~~pec~$$  ~a~te~, co~e~~  ~ a seine resend tie ul~te re@tory  decisiom abut oil ~d gas wwtes to itself because EPA
is prohibited from regulating these wastes as hazardous without approval by an act of Congress.
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Act.5 Since about 62 percent of produced waters are
reinfected for EOR (6), this would leave about 1.4
billion tons to be managed as RCRA wastes. The
API disagrees with these figures; based on data from
its 1985 survey (6), industry analysts estimate that
about 2.8 billion tons of produced water was
generated in 1985, of which 2.5 billion tons was used
for EOR  operations.6 In any event, produced waters
clearly make up the largest portion of oil and gas
E&P wastes (figure 4-2).

EPA and API estimates of the amount of drilling
fluids generated in 1985 also differ by almost an
order of magnitude (table 4-l). However, EPA
concluded that API’s method of predicting volumes
was more reliable7 and therefore used the API
estimate of 361 million barrels (117).8 EPA later
used this volumetric estimate to calculate that the
amount of drilling fluids generated in 1985 was 63
million tons, based on the assumption that the
density of each waste type is equal to that of water
(17).9 About 65 percent of drilling mud is fresh
water, 21 percent is salt water, 3 percent is oil, 2
percent is polymer, and the remainder is other
materials (25); the specific type used in drilling
depends on factors such as well depth and reservoir
characteristics.

Associated wastes represent an estimated 0.1
percent (1 1.8 million barrels, or 2.0 million tons) of
all oil and gas wastes.l0 The EPA/API estimate is
based on the assumption that their densities are the
same as the average density of water, which may
result in underestimating the actual tonnage (17).
However, it may be a reasonable estimate because
much of the waste is oil-based and hence lighter than
water. About half of the associated wastes are
aqueous, and the remainder range from slurries to
sludges and solids.

Figure 4-2-Relative Amounts,of Oil and
Gas Exploration and Production Wastes, 1985

Produced waters
98.2%

I

Associated wastes
/ 0.1%
‘Drilling fluids

1.7%

Including those injected for EOR

SOURCE: 53 Federal Register 25448 (July 6, 1988).

CURRENT MANAGEMENT
PRACTICES

Oil and gas exploration and production wastes can
be stored in surface impoundments to recover the oil,
injected underground, treated and applied to the
land, or discharged into waterways. In some cases,
percolation pits are used to allow wastes to seep into
the soil, although this is not standard practice in most
areas. Some recycling and source reduction options
are also possible. API (7) estimated that in 1985
about 92 percent of oil and gas wastes was injected
underground, 4 percent was discharged into water-
ways, and 2 percent was managed in surface
impoundments.

Technical criteria and guidance documents on oil
and gas waste management have been issued by API
and the Interstate Oil and Gas Compact Commission
(IOGCC) to supplement efforts by State and Federal
agencies to improve such management (8, 44).11

Both guidance documents recognize the applicabil-
ity of a hierarchy for managing oil and gas wastes,
similar to that often cited for managing other solid
and hazardous wastes: 1) source reduction; 2)

s53Federa/RegiSfer25~, July 6, 1988. Reinfection of produced waters into the formation helps to titain fluid Pmssme  and to e*ce oil @
gas reeovery.

6N. ~wbm,  AWCO, personal communication, Sept. 26, 1991.

~or example, EPA used estimates of reserve pit size as the basis for its calculation whereas API relied principally on survey data that it collected.
8AS0 see 53 Federal Register 25448, July 6, 1988.

%PA considered it likely that tbis estimate is low (17). Similarly, indushy analysts suggest that the amount might be in the range of 70 to 80 million
tons (N. Thurber, Amoco, personal communicatio~ Sept. 26, 1991).

l~as~onERT (25) and~ (7) &@ about~  ~ment=wo&overmd ~mpletionfl~ds, includingfl~ds ~~tostimdate  the folmaticmtoproduce
additional oil; 32 percent are produced san~ tank IxXtoms, oily debris, and other production solid wastes; 15 percent are untreatable emulsions, used
solvents and degreasers, cooling water, used oils, spent iron sponge, and other production liquid wastes; and 5 percent are dehydration and sweetening
unit wastes used to remove sulildes horn the oil or gas.

11’rheIOGCC, form~in  1935 (~d formerly ~ownasthe  ~terstateoil Compact Commission or IOCC), is anorgbtionof GOvemors  Ofzg StSteS
that produce oil and gas. More than 99 percent of the oil and gas produced in the United States comes from member States.
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Figure 4-3-Management Methods for Produced
Waters

Injection (EOR)
6 2 %  ~

Other
3%

NPDES discharges ~
6% lrlJeu[wrr \UIS-- .‘ - ’ - -’  :-- ‘~’-posal)

29%

NOTE: Injection refers to underground injection; EOR refers to enhanced
oil recovery.

SOURCES: Based on American Petroleum Institute, AP/ 7985 Production
Waste Survey, Statistical Analysis and Survey Resutts,  l%al
Repoti(Washington,  DC: October 1987); D. Derkics,  “Revised
Oil & Gas Statistics,” memorandum, U.S. Environmental
Protection Agency, Washington, DC, Jan. 28, 1991.

recycling and reuse; 3) treatment to reduce the
volume or toxicity of waste; and 4) disposal of
remaining wastes in ways that minimize adverse
impacts to the environment and human health.

This section describes how each of the three basic
waste types (drilling fluids, produced waters, and
associated wastes) are managed. Because some
management methods are used for more than one
waste type, the section discusses each major method
as well: surface impoundment; land application and
landfilling; underground injection; discharge to
surface waters; and source reduction and recycling.
The management of naturally occurring radioactive
material in oil and gas wastes is discussed below in
box 4-A.

In general, most non-hazardous E&P wastes are
managed and disposed of on-site, mainly through
underground injection in Class II wells.12 EPA
concluded that many impacts can be minimized by
improving housekeeping practices and using exist-
ing technologies to address design, operational,
mixing (e.g., of associated wastes and produced
waters), closure, and remediation problems (34).
Many States restrict the types of wastes that can be

i

Photo credit: U.S. Environmental Protection Agency

This Class II injection well is equipped with corrosion
inhibitors, constant pressure monitoring, automatic shut-

off, and leak detection.

stored in pits at Class II well sites, and require lining
of these facilities (with either synthetic or clay liners,
depending on site-specific conditions) and, where
groundwater is present, groundwater monitoring
systems (44). In addition, pumps can be built with
features (e.g., their own containment s u m p s ,  a l a r m
systems, automatic shutoff valves, and continuous
pressure monitoring) that minimize releases, and
tanks can be used as an alternative to liners. These
practices generally afford more protection than
systems that allow disposal of tank bottoms, pro-
duced waters, and other wastes in unlined pits or on
the ground (34).

Management of Basic Waste Types

Produced Waters

Produced waters can be managed, with or without
treatment, via injection in underground wells, evap-
oration and percolation from surface impoundments,
application on roads, or discharges to surface water.
Injection can take place on-site, off-site, or in
centralized facilities. Most produced waters (about
90 percent) are reinfected underground, either in
disposal wells (29 percent) or as part of EOR
operations (62 percent) (figure 4-3).13 Reinfection
wells are regulated as part of the Underground
Injection Control program (see “Other EPA Statu-
tory Authority” below). The remainder are dis-

lZCkXSS  II refers to ~ee @es of weus which inject fluids: 1) for enhanced recovery of oil or mtural gas; 2) for storage of hydrocarbons w~ch me
liquid at standard temperature and pressure; and 3) for storage of liquids which are brought to the surface in connectionwithmturrd  gas storage operations
or conventional oil or mtural  gas productio~ and which may be commingled with waste waters from gas plants which are an integral part of production
operations, unless those waste waters are classitled  as a hazardous waste at the time of injection (40 CFR 144.6(b)).

1SA5 noted above (s= “waste  Generation”), however, produced waters used in EOR systems are not considered solid wastes.
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charged to surface waters (6 percent), under condi-
tions specified in National Pollutant Discharge
Elimination System (NPDES) permits, or are dis-
posed of by other means such as evaporation and
percolation (3 percent). Discharges to surface waters
depend on the composition of the fluid and NPDES
permit conditions.

Drilling Fluids

Drilling fluids can be disposed of on-site (either
directly or after treatment) in reserve pits (which are
essentially surface impoundments), in the annular
space of injection wells, on land, or into surface
waters (117). The choice of on-site methods depends
on factors such as geologic formation, costs and
regulatory conditions, composition of the drilling
fluids, and type of well and surrounding conditions.
The onshore discharge of untreated drilling fluids
into surface waters is prohibited by effluent guide-
lines promulgated under the Clean Water Act.
However, fluids may be discharged into the Gulf of
Mexico if they pass specified bioassay tests (1 17).

Off-site management methods include disposal in
centralized pits, land application at commercial
landfarms (for adsorption or degradation by soil and
organisms), and treatment and disposal in central-
ized treatment facilities (117). EPA does not have
information on how frequently these off-site man-
agement methods are used.

API (6) reported that in 1985, 29 percent of
drilling fluid was evaporated, 28 percent was sent
off-site for some type of management, 13 percent
was injected underground, 12 percent was buried
on-site, 10 percent was discharged into surface
waters, 7 percent was landspread, and less than 1
percent was solidified. Drilling muds, which consti-
tuted about two-thirds of drilling fluids in 1985,
were typically disposed of by evaporation, followed
by discharge into surface water and injection in the
annular space of drilled wells (25).

Associated Wastes

Associated wastes may be stored, treated, land-
farmed, landfilled, discharged under a NPDES
permit, injected into a Class II well, or recycled. In
1985, about 48 percent of associated waste was
reportedly transported off-site for centralized treat-
ment or disposal at commercial waste management
sites; 27 percent was disposed of on-site either in
pits, by burial, or by roadspreading and landspread-
ing; 4 percent was recycled; 1 percent was injected

underground; and 19 percent was managed by other,
unspecified methods (6).

Management Technologies and Practices

Surface Impoundments

According to EPA (114), more than 125,000 oil
and gas surface impoundments existed in 1984.
Based on EPA data from themid-1980s(119), only
2.4 percent of the surface impoundments used for oil
and gas wastes had synthetic liners, whereas another
27 percent had a natural liner of unknown composi-
tion quality. Furthermore, groundwater was moni-
tored at only 0.1 percent, and surface water at 16
percent, of these impoundments. However, the data
do not necessarily represent current practices in
many States; moreover, not all impoundments are
located near groundwater.

Reserve pits, a type of impoundment, are used to
temporarily store drilling fluids for use in drilling
operations or to dispose of wastes. Of all materials
discharged to reserve pits, an estimated 90 percent
are drilling fluids (mostly in the form of drilling
muds and completion fluids) and cuttings (figure
4-4).

Some pits also are used for settling/skimmm g of
solids and separation of residual oil; storage of
produced waters prior to injection or off-site trans-
port; percolation of liquids via drainage or seepage
into surrounding soil; and evaporation (in lined pits)
of produced waters into the atmosphere (44, 117).
Other “special” pits are used for such purposes as
flaring natural gas; collecting wastes from the
emptying or depressurization of wells (or vessels);
and, in emergencies, temporarily storing liquids
resulting from process upsets (44, 117). These pits,
however, may be in continuous use for many years
before being closed or may at least be present on-site
for use in emergencies. Many States now have-and
IOGCC guidelines suggest—both reporting require-
ments and time limits for using such “temporary”
pits, and long-term use can be a violation in those
States.

Reserve pit size is largely a function of well depth
(25); the average pit volume at depths less than 3,750
feet is about 3,600 barrels, whereas the average
volume at depths greater than 15,000 feet is more
than 65,000 barrels. Only 20 percent of reserve pits
have a capacity greater than 15,000 barrels, whereas
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Figure 4-4-Types of Drilling Fluids Discharged to
Reserve Pits

Other drilling fluid

Mud/

cuttings
10%
other
3%

63%

SOURCES: ERT Co., Oil and Gas /ndustry  Exploration and Production
Wastes, prepared for Ameriean Petroleum Institute, No.
471-01-09 (Washington, DC: July 1987); U.S. Environmental
Protection Ageney,  Office of Solid Waste and Emergeney
Response, Report to Congress: hfanagement  of Wastes Fmm
the Exploration, Deve/o~ent,  and Produd”on  of Cmde Oii,
Naturai Gas, and Geothenna/ Energy, EPA1530-SW-88-003
(Washington, DC: Deeember  1987).

44 percent have a capacity of 5,000 barrels or less
(25).

Reserve pits are usually closed after drilling
activity has been completed. After a reserve pit is
closed, solids in the pit can be spread on land or
buried on-site; liquids can be evaporated, discharged
to land or surface waters, or reinfected in under-
ground wells.14 Although most States have estab-
lished regulations for siting, operation, and closure
of pits15, the proper closure of reserve pits and the
disposition of their contents are still matters of
concern in environmentally sensitive areas such as
wetlands (25).

One potential alternative is solidification of pit
contents—adding solidifiers (e.g., commercial ce-
ment, fly ash, or lime kiln dust) to help immobilize
pollutants and minimize leaching of toxic constitu-
ents. The Pennsylvania Department of Environ-
mental Resources, among others, has conducted
some demonstration solidification projects (32).
One problem, however, is that after removal of the
free liquid fraction of pit wastes, the remaining pit
contents still contain about 30 percent water. In
addition, the use of cement kiln dust, and possibly
other solidifiers, increases the volume of solid waste

to be managed (117). Other areas of concern include
finding a better mixing method, identifying and
minimizing groundwater and leachate impacts, and
ensuring the use of the method in winter (32). EPA
was unaware of data indicating whether the use of
kiln dust adds harmful constituents to the reserve pit
wastes (117).

Landfilling and Land Application

Landfilling basically consists of placing wastes in
the ground and covering them with a layer of soil.
Currently, most landfills used for oil and gas wastes
are unlined. However, the IOGCC recommends that
a protective bottom liner or a solidification, fixation,
or encapsulation method be required when the salt or
hydrocarbon content in the wastes exceeds applica-
ble standards, unless the site has no underlying
groundwater or is naturally protected from the risk
of contamination (44). The IOGCC considers landfill-
ing appropriate for drilling muds and cuttings, spent
iron sponge, pipe scale with low levels of naturally
occurring radioactive material (see below), gas plant
catalysts, and molecular sieve materials.

The IOGCC also believes that roadspreading—
using tank bottom sediments, emulsions, or heavy
hydrocarbon and crude oil-contaminated soils as
part of road oil, road mix, or asphalt-is acceptable
if the waste materials are not ignitable and have a
density and metal content consistent with approved
road oils or mixes (44, 117). However, the Hazard-
ous and Solid Waste Amendments of 1984 (RCRA
Sec. 3004(1)) prohibited the use of material that is
contaminated or mixed with a hazardous waste
(other than a waste identified solely on the basis of
ignitability) for dust suppression or road treatment.

Land application, known in the industry as
landspreading or landfarming, consists of spreading
or mixing wastes into soils to promote the natural
biodegradation of organic constituents and the
dilution and attenuation of metals. Nitrogen and
other nutrients can be added to the soil to enhance
biodegradation (44). The IOGCC recommends that
the waste-soil mixture not contain more than 1
percent by weight of oil and grease; any free oil can
be removed by skimming  or filtration before land-
spreading. Liquid wastes may also have to be

1%1 1985  tie oil and gas industry reportedly spent more than $118 million on construction of reserve pits (35 percent Of which tid tilci~ ~W
at a cost of $99 million), more than $187 million to close pits on-site, and $480 million to dispose of pit wastes off-site (25),

15J. SimmOnS, IOGCC,  personal eommunicatioxL  July 9, 1991.
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neutralized and should be applied so as to avoid
pooling or runoff of the wastes.

Land application of drilling muds and cuttings has
been used for years. Some studies conclude that it is
a relatively low-cost method (which accounts for its
increasing popularity) that does not adversely affect
receiving soils (e.g., 75, 143). One of these studies
concluded that landfarming could benefit certain
sandy soils in Oklahoma by increasing their water-
holding capacity and reducing fertilizer losses (75).
These studies also suggest that the technique can be
used in conjunction with cleanup and remedial
processes for saltwater or hydrocarbon spills and
pipeline breaks (75, 143).

Whether land application is appropriate for all
mud is not clear. Some muds contain substantial
quantities of oil and various additives, raising
questions about the potential adverse effects on parts
of the food chain or in areas with high water tables.
EPA (117) suggested that land application might
work best for treating organic chemicals that are
susceptible to biodegradation, if the appropriate
microorganisms are present in the soil. However, the
ability of most soils to accept chlorides and other
salts, which generally are highly soluble in water,
and maintain beneficial use is limited (117). Whether
heavy metals are attenuated by soil particles or taken
up by plants depends on many factors, including the
clay content and cation-exchange capacity. In addi-
tion, volatile organic compounds (VOCS) may
evaporate from sites (117, 143).

Underground Injection Wells

About 90 percent of produced waters from on-
shore oil and gas operations are disposed of in more
than 166,000 underground injection wells, for either
EOR or final disposal purposes (117, 121). When
used for disposal, produced waters are injected (via
gravity flow or pumps) into saltwater formations, the
original formation, or older (depleted) formations.
Figure 4-1 shows a typical injection well for
produced waters. Steps generally taken before
wastes are reinfected into wells include: 1) separa-
tion of free oil and grease from produced waters; 2)
storage of wastes in tanks or reserve pits; 3)
filtration; and 4) chemical treatment (e.g., coagula-
tion, flocculation, and possibly pH adjustment)
(117).

Again, one concern regarding this method is its
potential for contaminating groundwater (117). For

example, injection wells used for disposal are often
older wells that require more maintenance (EPA
regulations require periodic testing of the mechani-
cal integrity of injection wells; see “Other EPA
Statutory Authority” below). Well failure also can
occur because of design and construction problems,
the corrosivity of the injected fluid, and excess
injection pressure. Concerns over the adequacy of
injection well regulations are discussed below (see
“Other EPA Statutory Authority”).

Discharges to Surface Waters

Discharges to surface waters are permitted under
the NPDES program: 1) into coastal or tidally
influenced waters; 2) for agricultural and wildlife
beneficial use; and 3) for produced waters from
stripper oil wells to surface streams. Treatment to
control pH and to minimize oil and grease, total
dissolved solids, sulfates, and other pollutants often
occurs before discharge. The presence of radiation
and benzene or other organic chemicals, however, is
typically not addressed in discharge regulations.

Pollution Prevention/Waste Reduction

Pollution prevention (i.e., reducing the volume
and toxicity of wastes) and recycling are possible for
all three types of oil and gas wastes. As the prospects
for Superfund liability from past disposal practices
become apparent (see “Other EPA Statutory Au-
thority” below), the incentives for reducing and
recycling oil and gas wastes increase (79, 117). As
with other source reduction and recycling efforts,
success depends on support from top management,
a complete inventory and characterization of the
wastestreams and chemical additives used in an
operation, and the flexibility to address site-specific
variations in formations and production activities
(44, 79). EPA discourages some types of “recy-
cling,” specifically those involving the mixing of
hazardous wastes with non-hazardous or exempt oil
and gas wastes (117).

The greatest opportunities may involve drilling
fluids. According to an analysis by Amoco Corp.,
basic waste minimization methods can potentially
reduce the volume of drilling fluids, including
cuttings, by more than 60 percent (79). EPA
estimated that “closed-loop systems” can reduce
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the volume of drilling fluids by as much as 90
percent. l6 The high cost of formulating drilling mud
has led to more reuse and reconditioning of spent
muds (117).17 Closed-loop systems use mechanical
solids control equipment (e.g., screen shakers, hy-
droclones, centrifuges) and collection equipment
(e.g., vacuum trucks, shale barges) to minimize
drilling waste muds and cuttings that require dis-
posal and to maximize the volume of drilling fluid
returned to the drilling mud system. These systems
are increasingly being used (e.g., in California),
because of the reduction in overall drilling costs and
in the volume of waste needing disposal (79, 117,
141).18 Without proper wastewater management,
however, the volume reduction gains from using
closed-loop systems can be negated (79). In addition
to these methods, drilling wastes maybe used in the
well-plugging process, depending on site location
and conditions (117).

Reducing the toxicity of drilling fluids is also
possible. l9 EPA and API survey data indicate that
fluids in some reserve pits contain chromium, lead,
and pentachlorophenol at hazardous levels, and
oil-based fluids may contain benzene. These compo-
nents, however, can potentially be reduced or
eliminated by product substitution (79). In addition,
the hydrocarbon content of drill cuttings might be
reduced by using thermal and solvent extraction
processes; these appear promising but have not yet
been used extensively or evaluated (69).

For produced waters, volume reduction efforts are
driven more by the direct costs of waste management
than by regulatory incentives or liability. Horizontal
drilling (an exploration technology designed to
increase the exposure of fractured or productive
zones to the borehole) can reduce the generation of
produced waters, but this may be related more to the
character of the producing formation than to the
technology itself.20 Reducing the toxicity of pro-
duced waters also may be possible by using less

toxic or hazardous additives during drilling and
completion or during stimulation of the well bore
(79). In some cases, wastewaters can be physically
or chemically treated and then reused in other parts
of oil and gas production processes; solid residues
can be separated during treatment and used in
cement block or asphalt manufacturing (71).

Associated wastes may contain constituents simi-
lar to those in produced waters and other wastes, but
often at higher concentrations. The toxicity of
cooling tower blowdown, for example, can be
reduced by replacing chromate corrosion inhibitors
and pentachlorophenol biocides with less hazardous
or toxic products (e.g., organic phosphonates or
bisulfites; and isothiazolin, carbamates, amines, and
glutaraldehydes, respectively) (79).21 Oil recovery
can also lead to reductions in tank and vessel
sludges, emulsions, and other wastes (79).

RISKS FROM OIL AND GAS
WASTES

In its 1987 Report to Congress and subsequent
1988 regulatory determination (see “Current RCRA
Status of Oil and Gas Wastes” below), EPA
concluded that oil and gas exploration and produc-
tion wastes should remain exempt from regulation
under Subtitle C. The oil and gas industry, as
represented by the IOGCC, agrees with this and
contends that the regulatory framework needed to
prevent adverse impacts from the management of
E&P wastes already exists in State programs (44).

Some of the general public, though, is still
concerned about the environmental impacts and, in
certain areas, the possible human health impacts of
some oil and gas waste sites (e.g., 45, 63, 72). In
addition, EPA also concluded that adverse impacts
have resulted from mismanagement of oil and gas
wastes and that some improvements in waste man-
agement are necessary (34, 117).

1655  Federal Register 23355, June 7, 1991.
ITEPA alSO suggested that greater  potentird for increased recycling appears possible through more efficient management of mud handling systems

(117).
18J0  Mqhy, ~oco  oil  CO.,  personal COmmUnimtiO~  J~. 14>19910

l~pAWncluded~t&.i~ fl~ds  ~eus~y notc~ctefistictidous w~tes.  However, ~efi~actionproc~~e (EP) orToxicity hCteriStiC

(IT) tests are not considered appropriate for oily wastes, and the TC is not legally applicable to exempt oil and gas wastes (55 FederaZRegister  11835,
Mar. 29, 1990; also see ch. 5).

~. Nielso~ Utah Department of Natural Resources, review comments, Aug. 2, 1991.
ZIN. ~W&, hoco, pemonal communicatio~ Sept. 16, W91.
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Hazardous Characteristics and
Health Risk Assessments

Both EPA and API analyzed samples of E&P
wastes from drilling and production sites, waste
treatment facilities, and commercial waste storage
and disposal facilities. In summarizing these data,
EPA (117) concluded that chemicals such as ben-
zene, phenanthrene, lead, and barium were present in
some samples at “levels of primary concern” (i.e.,
in amounts greater than EPA health-based limits
multiplied by 1,000). EPA also noted that chemicals
such as arsenic, fluoride, and antimony were found
in some samples at “levels of secondary concern”
(i.e., in amounts greater than health-based limits
multiplied by 100).

In its 1988 rulemaking,22 EPA estimated that from
10 to 70 percent of large-volume oil and gas wastes
(i.e., drilling fluids and produced waters) and 40 to
60 percent of associated wastes (as defined in
‘‘Introduction’ above) could potentially exhibit
RCRA hazardous waste characteristics.23

EPA conducted some risk assessments for oil and
gas wastes, based on a relatively small sample data
set on waste constituent concentrations (117). In
general, it found that only negligible risks would be
expected to occur for most of the model scenarios
evaluated. However, EPA also noted that:

It did not analyze all release modes, including
releases from unlined pits;
There were realistic combinations of measured
chemical concentrations and release scenarios
that could be of substantial concern;
A few of the hundreds of chemical constituents
detected in reserve pits and produced waters
appeared to be of ‘primary concern relative to
health or environmental damage” (e.g., ben-
zene, chlorides); and
Wide variation (five or more orders of magni-
tude) existed in estimated health risks across
the model scenarios, reflecting the great varia-
tion in the nature, location, and management of
oil and gas sites.

Another potential exposure pathway involves
consumption of contaminated seafood. Two studies
in Louisiana suggested that potential human health

risks exist from the bioaccumulation of radionu-
clides, metals, and hydrocarbons in benthic inverte-
brates, including edible species such as oysters (66,
78). In laboratory studies, oysters released accumu-
lated hydrocarbons after being exposed to contaminant-
free water; this may be particularly important
because oysters are usually eaten directly after
harvest and are not depurated (78). EPA (117) also
concluded that potential endangerment of human
health was associated with consumption of contami-
nated fish and shellfish.

Risks associated with naturally occurring radioac-
tive materials are discussed in box 4-A.

Environmental Damages

EPA documented 62 actual or potential damage
cases resulting from the management of E&P
wastes, many of which were in violation of existing
State and Federal requirements (117). These cases
included: 1) damage to agricultural land, crops,
streams, aquatic life, and other resources from
produced water and drilling fluids (including poten-
tial contamination of aquatic and bird life in marine
ecosystems by metals and polycyclic aromatic
hydrocarbons from discharges of these wastes); 2)
degradation of soil and groundwater from runoff and
leachate from treatment and disposal facilities,
reserve pits, and unlined disposal pits; 3) salt
damage to groundwater, agricultural land, and do-
mestic and irrigation water caused by seepage of
native brines from improperly plugged or unplugged
abandoned wells; 4) groundwater degradation from
improper functioning of injection wells; and 5)
damage to vegetation (including potential damage to
tundra on the Alaska North Slope) from roadspread-
ing of high-chloride drilling muds and seepage or
discharges from reserve pits.

For example, activities such as drilling, EOR
operations, and underground injection of produced
waters have been associated with migration to
nearby wells of various liquids and chemicals (e.g.,
brine, fracturing fluid, produced waters, hydrocar-
bons from oil or gas; ref. 117). According to the U.S.
General Accounting Office (82), EPA data indicate
23 cases of drinking   water contamination associated
with Class II wells; EPA, however, noted that these
incidents occurred prior to implementation of EPA’s

~53 Federal Register 25455, Jdy  6, 1988.
23~.s  ~~te ~a~mde~fore~e  ~cwTC test  ~a~ ~rom~gat~e  However,  tie TC test d~snot apply to ~emptwastes  (55 FederaZRegister  11835,

Mar. 29, 1990).
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Box 4-A—Risks and Management of Naturally Occurring Radioactive Materials

Naturally occurring radioactive material (NORM) is present in many industrial process residues, including
produced waters and equipment from oil and gas production, sludges from drinking water treatment, fly ash from
electricity generation, phosphogypsum from phosphate production (see ch. 2), and tailings from rare-earth and
uranium mill processing.1 The oil and gas industry has known about NORM since the 1930s (65), but concerns
increased in the mid-1980s as the extent of NORM-enhanced pipi scale, sludges, and sediments became known (68).

For the oil and gas industry, the principal constituents of concern in NORM are radium-226 (a decay product
of uranium-238), radium-228 (a decay product of thorium-232) and its daughter products radon-222 and lead-210.2

The volume and concentration of these constituents in the material brought to the surface at a production site depend
on the concentrations of the original uranium and thorium in the formations encountered during exploration and
production, the temperatures and pressures at the production reservoir depth, the amount of water and natural gas
produced, the duration of production, and the water chemistry.

Most radium remains in the produced waters, which typically are injected in Class II underground wells back
into the original formation from which the waters were derived or into other saline formations below underground
sources of drinking water. However, some radium precipitates on the inside of oil and gas production equipment
in the form of barium/radium sulfate scales, which are difficult to remove because they are highly insoluble.3 In
addition, lead-210 also tends to precipitate on the inside of gas production equipment, primarily as a film in propane
and ethane pumps (65). Because older production fields handle more produced water than newer fields, equipment
at older fields is exposed to more water and thus tends to have higher concentrations of NORM.

The radiation exposure pathway of most concern in oil and gas operations is ingestion and inhalation by
workers during cleaning of NORM-contaminated equipment. Internal exposure to radium and radon can cause bone
and lung cancer, respectively, whereas lead-210 can attach to respirable particles and cause necrologic abnormalities
and other problems. As a result, the industry has developed procedures for cleaning equipment containing NORM
to prevent inhalation or ingestion by workers (7, 68); these include minimizing exposure by purging vessels (e.g.,
tanks) prior to entry, using respirators and other breathing gear while inside vessels, using masks while performing
grinding and chipping operations, and other industrial hygiene practices.

An API-sponsored survey of major petroleum companies operating in 20 States and 2 offshore areas (Gulf of
Mexico, California) obtained more than 36,000 measurements of NORM activity (i.e., gamma radiation) at
background levels and on contact with equipment (65).4 About 20 percent of the sites had readings above
background levels, with the highest reported measurement being 4.49 Millirems/hour. Even so, more than 95 percent
of all measurements, whether background or of equipment, were less than 0.11 millirem per hour.5 However, these
readings suggest that relatively insensitive measuring instruments were used, since normal background readings in
uncontaminated areas should be 5 to 15 microroentgens per hour. Another, preliminary field study by the Michigan
Departments of Natural Resources and Public Health found maximum readings of 3.2 microroentgens per hour, with
the highest concentrations of NORM being found in sediment from the bottom of tanks (56).

Furthermore, since the principal source of any adverse health impacts due to exposure to NORM would be due
to inhalation or ingestion of alpha radiation, not gamma dose, the relevance of the measurements in these studies
is limited. Determination of the alpha radiation dose expected from contamination of NORM would require
laboratory analyses of the types and amounts of specific radionuclides present in samples, in addition to estimates
of the internal dose received by persons handling the contaminated equipment and at risk for ingesting or inhaling
the materials. The Occupational Safety and Health Administration  general industry standard for worker exposure

Ipor titx information on the management of commercial low-level radioactive waste, see ref. 96.
2Ra&um-226  and rwlium-228  have half-lives of more than 1,600 and 5,7 years, respectively. Radon-222@ a half-life of o@’ 3.8 ~YS,

whereas lead-210, one of its decay products, has a half-life of 22 years.
3“r’he  ~m~ is -g t. &velop sc~e inhibitors to ~ ~~ in the produced wat~ ~d inhibit its p~ipitition  into SCde.  Al~OU@

some short-term inhibitors do exist effective longer-term inhibitors have yet to be developed.
4The decay products of urauium  and thorium emit alp~ kt% ~d g~ radiations; alpha and beta radiations normally do not penetrate

through vessel or pipe walls, but gamma radiation can do so and thus can be measured outside a vessel or pipe.
5~e swq did ~t ob~ _mements of NORM  ~oncentratiom  in @ bents, sod, or gro~wa~r-p~eters tit cotid bC

necessary if regulations are developed on design requirements for management and disposal opemtions.  The API, the Department of Energy,
and the Gas Research Institute are currently studying oiltleld NORM concentrations (B. Steingraber,  Mobil Exploration& Producing U.S.,
personal communicatio~ Aug. 21, 1991).

Continued on next page
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Box 4-A—Risks and Management of Naturally Occurring Radioactive Materials-Continued

is for the total of external (i.e., gamma) and internal (i.e., principally alpha) radiation-a maximum permissible dose
for total body exposure of 5 reins per year (29 CFR 1910.96).6

Another health-related issue is the extent to which old equipment sent off-site for reuse or disposal results in
the exposure of nonindustry workers to NORM. Although NORM-enhanced scale can be cleaned out of pipes and
other equipment mechanically, the industry has usually found it cheaper to buy new equipment and send the old
equipment off-site for smelting, cleaning, use in other ways (e.g., fencing or cattle guards), or disposal via land
burial. 7 Most equipment with relatively low levels of radioactivity is sent to scrap yards and smelted. Past practices
also included landspreading, landfilling, disposal along with scrap tanks, and on-site shallow burial (e.g., 56),
although major petroleum companies no longer use these methods. Louisiana is the only State that presently
regulates this material (cited in ref. 56).

How to handle equipment that exhibits higher levels of NORM is more problematic. Currently, equipment
containing NORM with estimated exposure levels higher than 50 microrems per hour is stored, at least by major
petroleum companies, until disposal alternatives are approved.8 EPA, the Nuclear Regulatory Commission, and the
States (except for Louisiana) have not issued regulations on land-based disposal and management of NORM.
However, the industry is developing guidelines for disposal of NORM (7, 68).

Rogers and Associates (68) calculated radiation exposures via seven environmental pathways9 for 12 different
disposal methods and compared them with existing exposure limits developed for other, related radiation sources.
They concluded that many methods could be used to manage NORM without exceeding the exposure limits,
including some forms of landspreading, injection into inactive wells, burial at various sites (e.g., commercial oilfield
waste sites, licensed NORM disposal sites, low-level radioactive waste disposal sites, surface mines, salt domes),
and use of wells destined to be plugged and abandoned. Another study (57) also suggested that injecting NORM
into wells is acceptable because it would allow for disposal at levels below groundwater standards l0 and because
it is one of the least costly alternatives. However, improperly plugged wells and correctly plugged wells that later
leak under some conditions are still of concern (see “Underground Injection Wells” in this chapter, and ref. 117).
Methods such as shallow burial in humid environments or landspreading would also require consideration of the
potential for groundwater contamination and human access.

In general, the industry feels that the relatively small volumes of NORM, especially compared with those from
mill tailings, fly ash, phosphate fertilizer tailings, and other sources, can be adequately and carefully handled under
State regulation. With the exception of Louisiana, however, no State has thus far adopted NORM regulations.
However, at least a dozen other States are considering adopting such regulations in the next few years.11 Abandoned
NORM sites (e.g., old pipe cleaning operations or defunct wrap operations that handled pipe) are just beginning
to be assessed in terms of potential exposures and risks and potential corrective actions.

6~e ~te~o~  co~~~ion  on ~~tion  ~otection  ~Wen@ lo~er~d ifi ~de~es  to a to~ of 2 rem per yew (T O’Tbole, O’IA,
personal communicatio~  Nov. 8, 1991).

7~e pe~lem  fiv~men~  ReswCh F~- is ~-ntly smdyin~ the fate of Nom  d~g smel@  o~rations  to analyze poten~

exposures (B. Steingraber,  personal communication, Aug. 21, 1991).
8B. Steingraber, personal communicatio~ Aug. 21, 1991.

g’f’he pathways were radon inhalatio~  external g~ exposure, groundwater ingestio~ surface water ingestioa dust inbalationj food
ingestio~ and skin beta exposure.

l~med on models ~s~g a ~tenon of l~mi~em tow dose from ~ routes, inclu&g  rado~ to ensure Wfety.

1lB. Steingraber, review comments, OCt. 9, 1991.

Class II well regulations (see “Other EPA Statutory toring, and plugging requirements. EPA has formed
Authority” below) .24 All Class 11 wells are subject a Class II Advisory Committee to consider potential
to these regulations. Although many injection wells improvements to the program, through guidance or
now used for disposing produced waters were in regulation.
existence prior to implementation of the regulations
and did not need to be repermitted, they must still About 4 percent of drilling muds and produced
comply with construction, operating, testing, moni- waters are discharged to surface waters. Although

2’$F. Brasier, U.S. EPA, review comments, Sept.  26, 1991.
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these discharges may meet State and Federal permit
standards, large volumes of discharges containing
low levels of certain pollutants may cause damage to
aquatic communities (117). Discharges into Gulf
Coast bays and estuaries have resulted in the
bioaccumulation of metals, hydrocarbons, and radio-
nuclides in shellfish and other organisms. For
example, the Louisiana Department of Environ-
mental Quality (78) found that benthic invertebrates
(including edible species such as oysters) growing
near discharges of produced waters may accumulate
radionuclides and organic chemicals (e.g., hydrocar-
bons) whose potential risks to humans are discussed
above. Preliminary findings from another study in
Louisiana, funded by the Louisiana Division of the
Mid-Continent Oil and Gas Association, appear to
corroborate the main findings, namely, that organic
compounds and metals in produced waters can
contaminate benthic communities, depending in part
on the volume of discharges and on the hydrologic
and sedimentary features of the sites (66).

In general, most cases of environmental impacts
result from violations of existing State standards, but
some do not. In Ohio and New Mexico, for example,
oil and gas operators are allowed to dispose of
produced waters in unlined surface impoundments
in areas where there is no groundwater. Chronic,
low-level discharges of produced waters into
streams are often allowed legally under NPDES
permit conditions.

Another problem may be surface water contami-
nation from abandoned pits. As of August 1991, for
example, Louisiana had identified 71 abandoned pits
(31 with inactive operators, 28 with no operator of
record, and 12 for which closure was in noncompli-
ance) and 180 unclosed pits requiring remediation or
closure. 25 However, Louisiana also considers ground-
water contamination from numerous plugged and
abandoned wells to be of more importance.

The Superfund National Priorities List (NPL)
contains four sites that received oil and gas E&P
wastes. Three are in Louisiana: two received oil
drilling muds, salt water, and other drilling fluids;
the third received sludges from oil field production.
The fourth site is a landfill located in New Mexico,
on Federal land managed by the U.S. Bureau of Land
Management; this site received produced water,

waste oil, spent acids, chlorinated organic solvents,
and sewage. However, these sites were not necessar-
ily listed on the NPL because of E&P wastes. In
addition, some Potentially Responsible Parties (PRPs)
at the Louisiana sites have contested their designa-
tion as PRPs because of perceived statutory exclu-
sions in CERCLA, although as of November 1991,
EPA is proceeding with initial site investigations.26

Two other issues of concern involve wetland
losses and wildlife mortality.

Wetland Losses

Degradation or loss of some wetland areas has
been linked with the physical nature of oil and gas
exploration and production activities. For example,
one study (80) estimated that canals accounted for 6
percent of total net wetland loss from 1955 to 1978.
The Louisiana Mid-Continent Oil and Gas Associa-
tion (cited in ref. 36) estimated that less than 10
percent of the land lost in coastal Louisiana since
1900 can be attributed to dredging of navigational
channels and oil and gas access canals.

Wetland losses have also been associated with
discharges of E&P wastes. One review of Louisi-
ana’s coastal wetlands concluded that a correlation
exists between large numbers of brine discharge
points and adjacent areas with rapidly deteriorating
marsh (135). At one oil field, these investigators
estimated that more than 13 million barrels of brine
had been discharged into surface waters annually,
and that roughly 30 percent of the wetlands within a
6-mile radius of the field had disappeared between
1956 and 1978. They concluded that the salinity
associated with brine discharges can accelerate
natural marsh loss rates and initiate vegetation loss
in more stable, healthy marshes. In March 1991, the
Louisiana Department of Environmental Quality
issued new water quality regulations on discharges
associated with oil and gas exploration and produc-
tion activities (see “State Oil and Gas Programs”
below).

Wildlife Mortality

Another problem concerns birds and other wild-
life that are killed after landing at oily waste pits,
whose reflection is apparently viewed as a sign of
flesh water. The U.S. Fish and Wildlife Service
(F&WS) surveyed New Mexico, Texas, and Okla-

XS. McC@, ~uisi~ C)fflce  of conservation personal comnmnicatio~ Aug. 29, 1991.

~J. Wbustik, U.S. EPA, personal CCXIImWicatioQ  Nov. 14, 1991.
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homa in 1987 and estimated that about 225,000
migratory birds had been killed in eastern New
Mexico alone (109). This problem is not limited to
the Southwest. During 1990 and 1991, for example,
another study (26) found more than 600 dead
animals at 88 pits in Wyoming; two-thirds were
birds and one-third were mammals.

Several methods can be used to prevent animals
from getting into pits, including plastic flagging,
metal reflectors, strobes, complete covering with
hardware cloth, and fencing; many States require
fencing and other methods (26). The most effective
measure is probably a cover of screening or netting,
which can cost from a hundred to several thousand
dollars. Many major oil companies have invested in
such measures.

New Mexico’s Oil Conservation Division enacted
regulations in September 1989 that require screen-
ing or netting of all open pits; other States have been
slower to adopt such requirements. Under the
Migratory Bird Treaty Act, the F&WS can impose a
$10,OOO fine for operations that result in the death of
a migratory bird. In the fall of 1988, the F&WS
suspended enforcement of this provision until Octo-
ber 1989, to provide industry with time to voluntar-
ily clean up the problem (109). Although many
industries responded, particularly in New Mexico,
the F&WS felt that the situation might still be severe
in areas such as Texas. As a warning to oil pit
operators, the F&WS investigated mortality at oil
pits operated by Union Pacific Railroad, which
pleaded guilty in March 1990 to killing migratory
birds. In addition, the Texas Railroad Commission
revised its rules, effective November 1, 1991, to
require that open-top tanks that are 8 feet or more in
diameter be netted or screened.

CURRENT REGULATORY
PROGRAMS

As with other solid wastes, the management of
exploration and production wastes illustrates the

multimedia dimension inherent in waste manage-
ment decisionmaking. For example, when E&P
wastes are stored in surface impoundments, some
organic chemicals may volatilize into the air and
other chemicals may seep into groundwater if the
impoundment is improperly sited and managed. In
addition, other air emissions are associated with
exploration and production activities (117).27 Simi-
larly, some E&P wastes are discharged into surface
waters, whereas others reach groundwater via leaks
from underground injection wells.

Currently, oil and gas E&P wastes are regulated
primarily at the State level. EPA has not developed
a regulatory program under Subtitle D for these
wastes. However, the Agency does regulate under-
ground injection of produced waters under the Safe

. .
Drinking Water Act (SDWA), surface discharges of
oil and gas wastes under the Clean Water Act
(CWA), and air emissions under the Clean Air Act
(CAA).28 In all of these statutes, States generally
have primacy in actually implementing the Federal
regulations. The U.S. Bureau of Land Management
(BLM) also has authority over the management of
E&P wastes on Federal lands (but not over the State
primacy programs under the Clean Air Act, Clean
Water Act, or Safe “Drinking Water Act).

Enforcement issues ace of great concern to Fed-
eral and State authorities, because there are large
numbers,of oil and gas wells and sites, and relatively
few government inspectors (see table 4-2). How-
ever, a U.S. District Court recently returned the
frost-ever indictment under the Safe Drinking  Water
Act, against a Kentucky oil and gas company and its
president for injecting fluids into an underground
drinking water source without  a permit.29 EPA hopes
the case will set an example for other small
operators. Whether such targeted enforcement ef-
forts will have a comprehensive effect remains to be
seen.

zT~ese  include p~c~te ~tter and  sulfur  and nitrogen oxides from diesel engines that run drillhg processes; sdfur dioxide rel=sed
when hydrogen sulflde is removed from natural gas; and volatile organic compounds released from leaks in production equipment. In addition, hydrogen
sultlde produced at the wellhead in gaseous form poses occupational risks from leaks or blowouts, although it poses no danger when dissolved in crude
oil.

2SS=tion 112(n)(5) of the Clemfi&t ~en~ents of 1~()  q~es WA to ~s~s the -ds to public he~th~d the environment IWUlt@ frOm
emissions of hydrogen sulfide that areassociatedwith the extraction of oil andnaturalgas  resources and to submit areportto  Congress containing findings
and recommendations within 24 months. The section also authorizes EPA to develop and implement a control strategy under this section and Section
111 for such emissions, based on the findings of the study.

zgUnite~State~ V. Glen ~ea~~er~ee,  CR 90-00019-oIBG(M),  U.S. District Cour$ Western Dktict of Kentucky, fded Nov. 5, lm.
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Table 4-2-Oil and Gas Wells, Injection Wells, Regulatory Agencies, and Enforcement Personnel, by State

Number of
New wells Enforcement

State Gas wells Oil wells Injection wellsa completed in 1985 Agency Positionsb

Alaska . . . . . . . . . 104 1,191

9,490

55,079

57,633

25,823

21,986

29,210

99,030

20,739

210,000

15,895

12,218

472 Class II
425 EOR
47 disposal

Oil and Gas Conser- - ‘100 new onshore
wells vation Commission;

Department of Envi-
ronmental Conserva-
tion

Arkansas Oil and Gas
Commission; Depart-
ment of Polliution Con-
trol and Ecology

Department of Conser-
vation; Department of
Fish and Game

Kansas Corporation
Commission

Arkansas . . . . . . 2,492 1,211 Class II
239 EOR
972 disposal

1,055 new wells 7 and 2, respectively

California . . . . . . 1,566

Kansas . . . . . . . . 12,680

Louisiana . . . . . . 14,436

New Mexico . . . . 18,308

Ohio . . . . . . . . . . . 31,343

Oklahoma . . . . . . 23,647

Pennsylvania . . . 24,050

Texas . . . . . . . . . 68,811

West Virginia . . . 32,500

Wyoming . . . . . . . 2,220

11,066 Class II
10,047 EOR
1,019 disposal

14,902 Class  II
9,366 EOR
5,536 disposal

4,436 Class II
1,283 EOR
3,153 disposal

3,871 Class II
3,508 EOR
363 disposal

3,956 Class II
127 EOR
3,829 disposal

22,803 Class II
14,901 EOR
7,902 disposal

6,183 Class II
4,315 EOR
1,868 disposal

53,141 Class II
45,223 EOR
7,918 disposal

761 Class ii
687 EOR
74 disposal

5,880 Class II

3,413 new wells 31

30

32 and 36, respectively

10

66

52

34

120

15

7 and 4.5, respectively

6,025 new wells

5,447 new onshore
wells

1,747 new wells

Department of Envi-
ronmental Quality; Of-
fice of Conservation

Energy and Minerals
Department

6,297 new wells Department of Natural
Resources

9,176 new wells OklahomaCorporation
Commission

4,627 new wells Department of Envi-
ronmental Resources

25,721 new wells Texas Railroad Com-
mission

1,839 new wells Department of Energy

1,735 new wells Oil and Gas Conser-
5,257 EOR
623 disposal

vation Commission;
Department of Envi-
ronmental Quality

%Yass II = underground injection well; EOR = enhanced oil recovery wells.
boniy  fie~ staff are inclucieci  in totat enforcement positions.

SOURCE: U.S. Environmental Protection Agency, Office of Solid Waste and Emergency Response, Repotf  to Congress: Management of Wastes From the
Exploration, Development, and Production of Crude Oil, Natural Gasr and Geothermal Energy, EPA/530-SW-88-003 (Washington, DC: December
1987).

State Oil and Gas Programs and to the variety of waste management options. For

State regulation of oil and gas E&P wastes may example, the number of wells and the volume and

vary, depending on differences in climate, hydrol- types of waste generated vary dramatically from one

ogy, geology, and economics (44, 117). Additional State to another (see table 4-l). Regulations often

differences are attributable, in some locations, to the differ for wastes managed on-site and those man-
complexity of exploration and production processes aged off-site at commercial or centralized facilities.
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Most produced waters are injected in underground
wells, which are regulated under the Underground
Injection Control (UIC) program. Landspreading,
evaporation, and storage in pits may also be regu-
lated by States. Since the mid-1980s, for example,
several States have enacted regulations for land
application of oil and gas wastes (75).30 Similar
options, except for underground injection, exist for
drilling fluids and low-volume associated wastes.
Most States regulate pits and, thereby, at least
indirectly regulate drilling fluids and associated
wastes; however, few States single out associated
wastes for special regulatory attention.

Discharges to surface waters generally are regu-
lated by the States under the Clean Water Act. Given
the concern about wetland losses in Louisiana (see
“Environmental Damages” above), it is noteworthy
that the Louisiana Department of Environmental
Quality issued new water quality regulations in
March 1991, on discharges and stormwater runoff
associated with oil and gas exploration and produc-
tion activities (Louisiana Title 33, Part IX, ch. 7, Sec.
708). The regulations set forth general guidelines
requiring permits and spill prevention and control
plans for all discharges. They prohibit discharges of
produced waters to water bodies located in interme-
diate, brackish, or saline marsh areas after January 1,
1995, unless the discharge is authorized in an
approved schedule for elimination or for effluent
limitation compliance.31

All oil and gas producing States permit and
therefore identify drilling sites (44). The permits
may or may not cover waste management (whether
on- or off-site) associated with drilling, but they
usually require some financial assurance to cover
closure or remediation of a well or disposal facility;
the amounts required vary tremendously. A State’s
overall regulations, however, generally include re-
quirements for using certain management methods,
with varying levels of detail and site-specific flexi-
bility.32 All States have some enforcement program,

but actual enforcement mechanisms and resources
differ. As with regulatory programs for mining
wastes (see ch. 2), often two or more State agencies
are involved in regulating oil and gas wastes.

The IOGCC has issued administrative and techni-
cal criteria that it recommends States include in their
oil and gas regulatory programs.33 The criteria
emphasize that States should retain control over
implementation of the recommendations (because of
their knowledge of local management practices,
waste characteristics, climate, and hydrogeology)
and suggest that States establish and implement
site-specific performance standards and design spec-
ifications (44). The criteria cover the following:

Permitting: States should have a recordkeep-
ing mechanism (e.g., individual permits, per-
mits by rule, registration of facilities, or notifi-
cation of certain activities) to track waste
management facilities.
Compliance evaluation: States should be ca-
pable of evaluating compliance by facilities
managing wastes. Capabilities should include a
requirement for periodic reporting by facilities
and evaluation of these reports by regulatory
agencies; inspection and surveillance proce-
dures independent of the self-reporting require-
ment; procedures to process complaints re-
ported by the public; authority to enter any
regulated site; and guidelines for investigations
in support of enforcement proceedings.
Enforcement: States should have the authority
to take enforcement actions such as giving
notice of violation and establishing a compli-
ance schedule; restraining continued activity
by an operator; identifying emergency condi-
tions that warrant corrective action by a State
agency; bringing suit in court for continuing
violation; issuing administrative orders or bring-
ing suit to correct past harm to public health and
the environment; and revoking, modifying, or
suspending a permit.

~C)klalKXIM and Kansas, for example, prohibit the use of reserve pit w=tes fOr mmmerc~  ~dfarming (1 17).
31~e re~atiom  ~. pro~bit diw~ges of pr~uced waters to: 1) freshwater l&es, rivers, stre~, bayous, ~d c*; ~d 2) freshwater SW~pS

or marshes unless these are authorized in accordance with an approved termination  schedule or under a permit allowing discharge to portions of the
Mississippi River or the Atchafalaya River. Numerical effluent limitations are set for benzene, ethylbenzene, toluene, oil and gas, total organic carbonj
pH, temperature, total suspended solids, chlorides, dissolved oxygeq  acute and chronic toxicity, soluble radiunL and visible sheen.

szFore_ple,  tie  Shte of pennsylv~aadopted re@tiom in 1989 tit quire ofl ~dg~ pits (~d -) to be corlstictd  aCCOrdhlg  tO S@lXhdS

to protect groundwater, with additional standards applicable if pits are also to be used for disposal (25 Penn.@vania  Code, Sections 78.51-78.63).
Alternative practices to the use of pits, such as solidflcation, can be approved by the Pennsylvania Department of Environmental Resources.

33~e ~~t~a do not address disc~ges t. s~am waters or injection  in underground we~ ~use ~ese me reguhted @ EPA or the Stik% under
the authority of the CWA or SDW& respectively.
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. Additional program requirements: States
should include provisions for public participa-
tion; contingency planning by operators  in the
event of a waste release; financial assurance
(e.g., for closure and postclosure); waste hauler
certification; waste tracking mechanisms; the
ability to identify the location of closed dis-
posal sites; and effective data management.

The criteria also included general recommendations
for managing wastes in pits, land application units,
and centralized and commercial facilities (44). In
most cases these criteria are presented as goals that
States should attempt to meet in establishing their
own technical standards.34

API also issued guidelines for managing solid
waste from oil and gas operations, to support EPA’s
activities and provide guidance to industry and State
regulatory agencies (8).35 API recently initiated a
training program geared to small oil and gas
operators to teach them how to implement the
guidance.

No systematic, comparative information exists,
however, on the overall quality of State oil and
gas regulations and programs. Given the great
variety in State regulations and in the level of State
implementation and enforcement, the quality of the
programs is difficult to assess without an extensive
field survey, which is beyond the scope of this
background paper. In its 1987 Report to Congress
(117), EPA recommended that it work with State
regulatory agencies to improve oil and gas programs
where necessary. The IOGCC, under a grant from
EPA and the U.S. Department of Energy, is in the
process of evaluating individual State regulatory
programs, and comparing them with IOGCC’s
criteria.36 This peer review process includes envi-
ronmental, industry, and State representatives; the
first review-of Wyoming’s program-was com-
pleted in June 1991.

However, some data are available to indicate the
general problems and challenges facing State regula-
tory programs. A major constraint is that State
programs often do not have adequate resources to
address, for example, an estimated 1.2 million
abandoned wells; Texas and Oklahoma have many
more wells to plug than they have money to pay for
the plugging.

37 
EPA’S 1987 Report to congress

(117) included information on the number of active
production and injection wells and field inspectors
in 1985 (table 4-2). The number of field enforcement
positions varied from 16 personnel for approxi-
mately 1,300 oil and gas wells in Alaska to 120
personnel for almost 300,000 wells in Texas. These
data could argue that many States need more
inspectors, although the exact number would still
vary greatly with factors such as age of wells (older
wells generate more produced water and require
more maintenance) and compliance history of the
companies involved. GAO (82) reviewed the under-
ground injection programs of several States and
concluded that program safeguards were far from
complete or adequate. For example, the files for 41
percent of the wells with permits contained no
evidence that pressure tests had ever been per-
formed.

Current RCRA Status of
Oil and Gas Wastes

Except for the general Subtitle D criteria (ch. 1),
RCRA does not explicitly authorize EPA to control
Subtitle D oil and gas wastes. The 1980 Bentsen
amendments to RCRA exempted certain wastes
unique to the exploration and production of oil and
gas from regulation as hazardous wastes under
Subtitle C (see table 4-3), pending further study and
a determination by EPA of the appropriate level of
regulatory action (and a subsequent act of Congress
should EPA determine that Subtitle C regulation was
warranted).

~For  ~mple,  the t=~~ Cntefi  for com~ction  of pits recommended t&t “talcs or lhms  should ~ ~uir~ in ctiins~~s b~ed on ~
of fluid and sitespecflc characteristics. . . . Liners can be natural or constructed of natural or synthetic materials, provided they are installed according
to accepted engineering practices and are compatible with expected pit contents” (44).

ss~e API plms to up&k r.his lhvimnmen~ Guidance  Document in 1991 to address in more detail issues such m VVrtste mininkatioq  guidelines
for field sampling and analysis of oil field wastes, NORM guidelines, and land disposal criteria for metals; it also plans to review the consistency of its
guidelines with the IOGCC  criteria for exploration and production wastemanagement programs (142).

~J. SimmOna, IOGCC,  personal communication% Wch 1991.
37GA0 (82) e-ted the nu&r of such ~el~ t. ~crme, ~ause & economic downturn of the oil indm~ in the late 1980s might bve kd tO

more improperly plugged wells.
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Table 4-3-Examples of RCRA Exempt and
Nonexempt Oil and Gas Wastes

Exempt wastes Nonexempt wastes

Produced waters
Drilling fluids
Drill cuttings
Rigwash
Well completion fluids
Workover wastes
Gas plant dehydration wastes
Gas plant sweetening wastes
Spent filters and backwash
Packing fluids
Produced sand
Production tank bottoms
Gathering line pigging wastes
Hydrocarbon-bearing soil
Waste crude oil from primary

field sites

Unused fracturing fluids/acids
Painting wastes
Service company wastes
Refinery wastes
Used equipment lubrication oil
Used hydraulic oil
Waste solvents
Waste compressor oil
Sanitary wastes
Boiler cleaning wastes
Incinerator ash
Laboratory wastes
Transportation pipeline wastes
Pesticide wastes
Drums, insulation, and miscel-

laneous solids

SOURCE: M. Fitzpatrick, “Common Misconceptions About the RCRA
subtitle C Exemption for Wastes From Crude Oil and Natural
Gas Exploration, Development and Production,” in Proceedings
of the First International Symposium on Oil and Gas Exploration
and Production Waste Management Practices (New Orleans,
LA: U.S. Environmental Protection Agency, Sept. 1-13, 1990).

On the basis of its Report to Congress (117), EPA
published its regulatory determination in July 1988.38

EPA determined that Subtitle C regulation for oil
and gas E&P wastes is not warranted and that the
Agency instead would develop a Subtitle D program
tailored to these wastes.39 EPA reasoned that opera-
tors would be freed from prescriptive Subtitle C
requirements, but that the combination of future
Subtitle D requirements, other Federal and State
regulatory requirements, and potential Superfund
liability (from mismanagement of oil and gas
wastes) would be sufficient incentives for prudent
management and would encourage waste minimiza-
tion and recycling; at the same time, although EPA
hopes to promote greater national consistency in
managing these wastes, it also stated a desire to
maximize State authority. The Agency indicated that
development of a Subtitle D program would con-
sider requirements such as engineering and operat-
ing practices to manage releases to surface water and
groundwater; procedures for closure; monitoring
that accommodates site-specific variability; and
cleanup provisions.

EPA further stated that it planed to develop “a
three-pronged approach toward filling the gaps in
existing State and Federal regulatory programs.”—
This

1.

2.

3.

approach would aim to:

improve existing Federal programs in Subtitle
D of RCRA, the Clean Water Act, and the Safe. .Drinking Water Act;
work with States to encourage improvement
and changes in their regulation and enforce-
ment of oil and gas wastes; and
work with Congress to determine any addi-
tional statutory authority that might be neces-
sary.

To date, however, EPA has made little direct
progress toward the goal of establishing a Subtitle D
oil and gas program. Not surprisingly, environ-
mental groups and the industry disagree about the
need for such a program. Environmental groups
contend that a Subtitle D program, along with
possible Subtitle C regulation for some wastes, is
necessary. The oil and gas industry believes that
most wastes can be managed adequately with
existing State and Federal programs (e.g., the UIC
program under the Safe Drinking Water Act, the
NPDES program under the Clean Water Act),
provided the programs are adequately financed and
enforced.

Other EPA Statutory Authority

EPA has additional statutory authority, other than
RCRA, to issue regulations regarding oil and gas
waste management. The most important areas are
under the Clean Water Act, the Safe Drinking Water
Act, and Superfund. In addition, the Clean Air Act
regulates air emissions associated with oil and gas
activities.

Clean Water Act

The Clean Water Act established a permitting
program for wastewater discharges-the National
Pollutant Discharge Elimination System. EPA
grants primacy to most States to administer State
NPDES programs that are equivalent to or more
stringent than Federal requirements. NPDES per-

B853 Federal Register 25446, July 6, 1988.

3~A dete~~ tit Subtifle C ~e@tion ~~ not w~t~ ~use: 1)  Subtitie C is extremely  COStiy  and unnecessary fOr Safe management of
these wastes; 2) Congress indicated that such regulations are unwarranted where existing programs can be used to address problems; 3) Subtitle C permit
processing times are typically lengthy, which would cause dismptive delays for oil and gas operations; 4) inclusion of these wastes in Subtitle C would
severely strain existing hazardous wastemanagement capacity; 5) such regulation would disrupt and duplicate State authorities; and 6) implementation
would be impractical and inefficient.
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mits are required for discharges to surface waters
and to public sewer systems that lead to publicly
owned treatment works.

To date, however, most States have not issued
NPDES permits for discharges of produced waters to
coastal areas and wetlands or for discharges from
stripper wells to surface waters in general.40 As of
1990, for example, EPA’s Office of Inspector
General noted that no general permits had been
issued for discharges into coastal wetlands in
Louisiana (125). One reason for the lack of such
permits is that in the initial phases of implementing
the Clean Water Act, EPA’s Region VI concentrated
on establishing control over single major discharg-
ers.41 As the NPDES program matured, emphasis
shifted to controlling aggregate impacts from multi-
ple minor dischargers, including coastal oil and gas
exploration and development facilities. On February
25, 1991, Region VI issued a final NPDES general
permit for “onshore” oil and gas production facili-
ties, which allows for zero discharge of drilling
fluids and produced water. The Region’s final
NPDES general permit for “coastal” oil and gas
drilling activities, which also will establish a zero
discharge limitation for drilling muds and cuttings,
was expected to be published in late 1991.

EPA, GAO, and others have noted the need for
national guidelines to underlie such permitting
efforts (82, 125). Part of the problem is that EPA has
not yet promulgated effluent limitation guidelines
for discharges from the “offshore” crude oil and
natural gas industry, nor has it revised guidelines for
the “coastal” oil and gas subcategory so that they
are based on best available technology economically
achievable (BAT).42 EPA is developing guidelines
for the offshore subcategory, due to be finalized in
1992, and for the coastal subcategory, due to be
finalized in 1995. EPA also has not decided whether
or how to include stripper oil wells and marginal gas
wells in these regulations, although it is considering

this issue.43 A related issue that may also warrant
more attention concerns the impacts of nontoxic
pollutants, such as chlorides, in effluents discharged
from oil and gas operations.

Safe Drinking Water Act

The Safe Drinking  Water Act established the
Underground Injection Control program to regulate
injection wells. The statute established a special
class (Class II in EPA terminology) of injection
wells in the UIC program for oilfield-related fluids,
and stipulated that regulation of Class II wells
should not impede oil and gas production unless
necessary to prevent endangerment of underground
sources of drinking water.

The UIC program regulates only the injection of
fluids related to oil and gas production and hydrocar-
bon storage. These include produced waters and
other fluids used for enhanced recovery, as well as
disposal of brines.44 UIC regulations require that
injection of such fluids into Class II wells (for
disposal or for enhanced oil recovery) must take
place below all formations containing underground
sources of drinking water (117, 121). They also
require that periodic tests (at least every 5 years) be
conducted of the mechanical integrity of the wells
and that a one-quarter-mile radius around a well be
reviewed (i.e., the area of review) for potential
migration of injected fluids or brines from the site.
EPA has noted, however, that produced waters
stored in surface impoundments prior to injection
may be subject to RCRA Subtitle D regulations45;
whether this would extend to management in storage
tanks prior to injection is unclear.

The UIC program is largely administered by the
States, with EPA approval and oversight. EPA has
granted primacy for administering the program to 25
of the 32 oil and gas producing States. EPA is
responsible for management on tribal lands.

~ceptions to this general statement exist. For stripper wells, for example, Pennsylvania issued a general permit that was scheduled to be f~
in October 1991, and Imisiana  and ‘&as issue individual State water discharge permits without distinguishing between stripper and onshore wd.kl.
Forcoastalareas and wetlands, Louisiana issues individual State permits for discharges to State waters; these are not the same as NPDES permits because
Louisiana is not a “delegated” State, but they do require monitoring and include discharge limitations and some best management practices.

AlU.S. WA, ~lce of Wat=, review comments, octc 3, 1~1.

4?.~Aprom~gat~efflu~t  ~~tions guide~es in 1979 fordisckges  in the coastal subcategory (MFederaZRegisf@  22~9,  Apr. 133 1979);  ~~e
were based on best practicable control technology currently available (BIT), which provides a less stringent level of control than BAZ

4354 Federal Register 46919, NOV. 8, 1989.
44~~uc~  Watm  ~jwt~ for e~ced oil r=ovq is c~midemd t. ~ ~~lc~ly ~ycl~ ss ~ intcgr~ pm of some crude Ofi ~d mt.ulld g~

production processes and, as suc& is not a waste for purposes of regulation under RCR4 (53 Federal Register 25454, July 6, 1988).
4553 FederalRegister25454, July 6, 1988.
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Several concerns have been raised about the
effectiveness of injection well regulations, and EPA
continues to evaluate the UIC program (82, 121,
122). EPA’s most recent evaluation of the Class II
UIC program (122) indicated a need for: 1) further
study of risks associated with abandoned oil and gas
wells; 2) additional evaluation of State area of
review programs for existing wells, which vary
widely among States; and 3) possible changes in
Class II well construction requirements. According
to EPA (117), economic incentives for operators to

comply with requirements may be lower for disposal
wells than for EOR wells.%

CERCLA/Superfund

The Comprehensive Environmental Response,
Compensation, and Liability Act (CERCLA),
passed in 1980 and commonly known as Superfund,
excludes petroleum (including crude oil) from its
liability provisions. However, oil and gas operators
are not exempt from CERCLA liability, for several
reasons.47 

First, other nonpetroleum ‘‘special
wastes” (see “Introduction” and table 4-3) from oil
and gas exploration and production activities may
still result in CERCLA liability if the waste constitu-
ents are hazardous substances as otherwise defined
by CERCLA. Second, the petroleum exclusion does
not apply to any constituents of oil and gas wastes
that are hazardous substances added to the oil (and
not normally found in petroleum at the levels added).
Third, codisposal of exempt and nonexempt wastes
can result in liability under the “mixture’ rule of
RCRA (see ch. 5). As noted above, oil field waste
disposal sites have been designated as Super-fund
sites because oil and gas wastes that are exempt from
Subtitle C, along with other wastes at some sites,
were not managed so as to avoid the release of
hazardous substances (27).

Other Federal Agency and General
Statutory Authority

Other  Federal  agencies  a lso regulate  cer ta in
aspects  of  o i l  and gas  waste  management ,  and
several general Federal statutes contain provisions
that affect oil and gas operations.

The National Environmental Policy Act (NEPA)
requires Federal agencies to assess the potential
environmental impacts of “major federal actions”
undertaken or permitted by Federal agencies. If the
assessment indicates that the environment will be
significantly affected, then a more detailed Environ-
mental  Impact  Sta tement  must  be  prepared.  In
addi t ion ,  the  Endangered  Species  Act  r e q u i r e s
Federal agencies to ensure that their actions do not
jeopardize  endangered or  threa tened species  or
destroy critical habitats of endangered species.

The  Federa l  Land Pol icy  Management  Act  of
1976 (FLPMA) requires the U.S. Department of the
Interior to develop land use plans for resources on
Federal lands. With respect to regulating oil and gas
E&P wastes, the Department generally favors con-
tinuing the existing approach of working relation-
ships among the Federal Government, States, and
industry. Within the Department, the U.S. Bureau of
Land Management (BLM) is responsible for oil and
gas  product ion  and waste  management  on  many
Federal lands, although not for the primacy pro-

grams of the Clean Water Act, Clean Air Act, or Safe
. .

Drinking Water Act. BLM manages public lands
under its jurisdiction according to the comprehen-
sive land use guidelines established by FLPMA and
other acts. For example, BLM has issued orders that
instruct onshore operators about how to conduct

their operations in an environmentally safe man-
n e r .4 8

The U.S. Forest Service, within the Department of
Agriculture, is responsible for administering oil and
gas activities in the National Forests. It develops
land use plans under the guidelines of the National
Forest Management Act of 1976 and the Forest and
Rangeland Renewable Resources Planning Act of
1974.

GAO (84) evaluated land use plans and related
environmental impact statements in four resource
areas administered by BLM and four national forests
administered by the Forest Service, on the basis of
five elements that it considered essential for assess-
ing environmental impacts of oil and gas leasing and
d e v e l o p m e n t  d e c i s i o n s .49 I t  concluded tha t  most

~For EOR wells, oil recovery depends on maintaining the pressure within the producing zone and avoiding communication between that zone and
the reservoir where wastes are injected.

47~e  pre~ent for Supetid liabili~ by oil ad g= comp~es was set by Eagle.PicherI~usm”es,  Inc.  V. Us. Environmental Protection Agency,

83-2259, U.S. Court of Appeals for District of Columbia, 822 F.2d 132, June 30, 1987.
~BL~ review comments, Aug. 9, 1991.
49~e Claents  Were oil ~dg= poten~, r~~~bly foreseeable d~elopment  SW~OS, fi~~t @acts, cwtitive  kIpaCtS, and lease Stip@tiOnS.
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plans and impact statements for lands with high oil
and gas potential did not contain adequate informa-
tion on one or more of the five elements. GAO also
found that leases and permits had been approved
without including appropriate mitigation measures.
In written comments to GAO, BLM and the Forest
Service essentially agreed with its two major recom-
mendations regarding the establishment of manage-
ment controls to ensure that NEPA requirements are
adequately addressed and that appropriate stipula-
tions and conditions of approval are attached to
leases and permits.

FLPMA also requires BLM and the Secretary of
the Interior to review all public land roadless areas
of 5,000 or more acres with wilderness characteris-
tics to determine their suitability for wilderness
designation by October 21, 1991. This is significant
because it could potentially protector open up large
areas of public lands (e.g., on the North Slope of
Alaska) to potential oil and gas exploration and
production (as well as other uses). If more oil and gas
development occurs on Federal lands, the relation-
ships among BLM, EPA, and the States will be even
more important.

The Federal Oil and Gas Royalty Management
Act of 1982, which is administered by the Depart-
ment of the Interior (specifically by BLM and the
Minerals Management Service) requires oil and gas
operators on Federal lands to construct and operate
wells in such a manner as to protect the environment
and conserve Federal resources.50 It also requires the
Department to establish a comprehensive system,
including inspections, for accurately determining oil
and gas royalties.

The U.S. Department of Energy (DOE) charter is
to ensure the Nation’s energy security and, as such,
includes research on waste management. DOE’s
concerns about oil and gas operations focus on
production aspects (e.g., economic impacts of regu-
latory changes on the industry and on domestic
production), in line with concerns of the oil and gas
industry, rather than on environmental concerns,
which are generally of secondary importance (100).

ISSUES AND QUESTIONS
Concerns over future liability may be encouraging

oil and gas operators to improve waste management

methods, but efforts on the parts of Federal and State
agencies may still be needed in some areas. At the
same time, the sheer number of oil and gas operators
and sites and the variation in site-specific conditions
pose many challenges for any waste management
regulatory program, whether at the Federal or the
State level. Some issues and questions related to oil
and gas waste management that Congress might
address include, but are not necessarily limited to,
the following:

●

●

●

Relationships Among Federal Agencies and
Programs-Is an adequate mechanism avail-
able to ensure that EPA and Department of
Interior regulations are consistent with each
other and nonduplicative? How do Department
of Interior regulations for managing oil and gas
wastes on Federal lands compare with those of
EPA’s RCRA, UIC, and NPDES programs,
which usually are implemented by the States?
Does EPA need to better coordinate its own
programs, which are authorized by multiple
statutes (e.g., RCRA, SDWA, CWA)? Should
EPA develop a multimedia approach within a
RCRA Subtitle D oil and gas program? Are
existing CVLA regulations on discharges of oil
and gas waste to surface waters adequate,
particularly for coastal discharges of produced
waters and for discharges from stripper wells?

Relationships Among Federal and State Agen-
cies-should the Federal government specify
requirements to be adopted by State programs?
If so, does EPA need additional oversight,
monitoring, and enforcement authority under
RCRA to support an effective State-imple-
mented Subtitle D program for oil and gas
waste, or are existing State and Federal regula-
tory programs adequate? Should existing rela-
tionships among the Federal Government (in-
cluding the Department of the Interior), States,
and industry be maintained and strengthened?
Can consistent environmental protection and
flexibility to address variable conditions at oil
and gas operations both be incorporated into a
Federal waste management program?

Scope of a Federal Regulatory Program—
Should EPA or another agency develop a
Federal regulatory program for the disposal of

~~ad&tio~  some OiI and gas lease agreements may impose obligations on operators for waste management tbat are dillerent from or more stringent
than State or Federal requirements.
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naturally occurring radioactive material, partic-
ularly off-site? Should a Federal regulatory
program be developed for abandoned oil and
gas wells? What components should such
programs include? Should EPA regulate pro-
duced water in storage pits or tanks prior to
injection into Class II wells, whether or not the ●

water is used for enhanced oil recovery? Should
stripper wells be included in any Federal
regulatory program for E&P wastes (i.e., is the
current distinction for small quantity genera- ●

tors warranted)? Are standards needed for land
treatment and land application?

Resources for Administration and Enforce-
ment of Programs-Are existing resources
sufficient to administer and enforce Federal and
State oil and gas waste regulatory programs? If
not, what mechanisms are available to provide
such resources? What emphasis should be
given to enforcement of such programs relative

to other Subtitle D programs and, in turn,
relative to other environmental protection pro-
grams? Should independent audits be con-
ducted to assess how effectively various Fed-
eral and State regulations are being enforced?

Pollution Prevention/Waste Reduction—
How can pollution prevention and waste reduc-
tion efforts be encouraged, especially for drill-
ing fluids?

Adequacy of Existing Toxicity Tests-Do
existing toxicity tests such as the Extraction
Procedure and the Toxicity Characteristic ade-
quately determine the potential for long-term
leaching and migration of contaminants from
oil and gas wastes (i.e., is a testing scenario
based on mismanagement of wastes in munici-
pal landfills appropriate for oil and gas wastes)?
Should any oil and gas exploration and produc-
tion wastes be regulated as hazardous?


