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not separate of their own accord by gravity. Where settling is possible,

it is done in large or small tanks, the larger tanks affording longer
residence time to increase separation efficiency. Where emulsions are

difficult to break, heat is usually applied in "heater treaters."

Whichever method is used, crude oil flows from the final separator to

stock tanks. The sludges and liquids that settle out of the oil as tank

bottoms throughout the separation process must be collected and discarded

along with the separated ~Iater.

The largest volume production waste, produced water, flows from·the

separators into storage tanks and in the majority of oil fields is highly

saline. Most produced water is injected down disposal wells or enhanced

recovery wells. Produced water is also discharged to tidal areas and

surface streams, discharged to storage pits, or used for beneficial or
•

agricultural use. (Seawater is 35,000 ppm chlorides. Produced water can
range from 5,000 to 180,000 ppm chlorides.) If the produced water is

injected down a disposal well 01" an enhanced recover·y well, it may be

. treated to remove solids, which are also disposed of.

Tank bottoms are periodically removed from production vessels. Tank

bottoms are usually hauled away from the production site for disposal.
Occasionally, if the bottoms are fluid enough, they may be disposed of

along with produced water.

Waste crude oil may also be generated at a production site. If crude

oil becomes contaminated with chemical s or is skimmed from surface

impoundments, it is usually reel aimed. Soil and gravel contami nated by

crude oil as a result of normal field operations and occasional leaks and
spills require disposal.

Natural gas requires different techniques to separate out crude oil,

gas liquids, entrained solids, and other impurities. These separation

processes can occur in the field, in a gas p,"ocessing plant, or both, but
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more frequently occur at an offsite processing plant. Crude oil, gas

liquids, some free water, and entrained solids can be removed in

conventional separation vessels. More water may be removed by any of
several dehydration processes, frequently through the use of glycol, a

liquid dessicant. or various solid dessicants. Although these separation

media can generally be regenerated and used again, they eventually lose
their effectiveness and must be disposed of.

Both crude oil and natural gas may contain the highly toxic gas

hydrogen sulfide, which ;s an exempt waste. (Eight hundred ppm in air is

lethal to humans and represents an occupational hazard, but not an

ambient air toxics threat to human health offsite.) At plants where

hydrogen sulfide is removed from natural gas, sulfur dioxide (SOz)
release results. (EPA requires compliance with the National Ambient Air

Quality Standards (NMQS) for sulfur dioxide; DOl also has authority to

regulate these emissions.) Sulfur is often recovered from the hydrogen

sulfide (HZS) as a commercial byproduct. HZS dissolved in crude oil

does not pose any danger, but when it is produced at th~ wellhead in
gaseous form. it poses sel·i~us occupational risks througll possible leaks

or blowouts. These risks are also present later in the production

process when the H2S is ·separated out in various "sweetening"

processes. The amine. iron sponge. and selexol processes are three

examples of commercial processes for removing acid gases from natural

gas. Each HZS removal process results in spent or waste separation
media, which must be disposed of. ·EPA did not sample hydrogen sulfide
and sulphur dioxide emissions because of their relatively low volume and

infrequency of occurrence.

Gaseous wastes are generated from a variety of other

production·related operations. Volatile organic compounds may also be

released from minute leaks in production equipment or from pressure vents.

on separators and storage tanks. When a gas well needs to be cleaned
out, it may be produced wide open and vented directly to the atmosphere.
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Emissions from volatile organic compounds are exempt under Section
3001(b)(2)(A) of RCRA and represent a very low portion of national air
emissions. Enhanced oil recovery steam generators may burn crude oil as
fuel. thereby creating air emissions. These wastes are nonexempt.

DEFINITION OF EXEMPT WASTES

The following discussion presents EPA's tentative definition of the
scope of the exemption.

Scope of the Exemption

The current statutory exemption originated in EPA's proposed

hazardous waste regulations of December 18, 1978 (43 FR 58946). Proposed
•

40 CFR 250.46 contained standards for "special wastes"--reduced
requirements for several types of wastes that are produced in large
volume and that EPA believed may be lower in toxicity than other wastes

regulated as haza~dous wastes under RCRA. One of these categories of
special wastes was "gas and oil d,~ill ing muds and oil production brines."

In the RCRA amendments of 1980, Congress exempted most of these
special wastes from the hazardous waste requirements of RCRA Subtitle C.
pending further study by EPA. The oil and gas exemption, Section
3001(b)(2)(A), is directed at "drilling fluids, produced waters, and
other wastes associated with the exploration, development. or production
of crude oil or natural gas." The legislative history does not elaborate
on the definition of drilling fluids or produced waters, but it does
discuss "other wastes" as follows:

The term "other wastes associated" is specifically included to
designate waste materials intrinsically derived from the primary
field operations associated with the exploration, development, or
production of crude oil and natural gas. It would cover such
substances as: hydrocarbon bearing soil in and around related
facilities; drill cuttings; and materials (such as hydrocarbons.
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water, sand and emulsion) produced from a well in conjunction with
. crude oil and natural gas and the accumulated material (such as

hydrocarbons, water, sand, and emulsion) from production separators,
fluid treating vessels, storage vessels, and production "
impoundments. tH.R. Rep No. 1444, 96th Con9., 2d Sess. at 32 (1980».

The phrase "intrinsically derived from the primary field
operations ... " is intended to differentiate exploration, development,
and production operations from transportation (from the point of
custody transfer or of pl'oduction separation and dehydration) and
manufacturing operations.

In order to arrive at a clear working definition of the scope of the

exemption undel" Section 8002(m), EPA has used these statemellts in
conjunction with the statutory language of RCRA as a basis for making the

following assumptions about which oil and gas wastes should be included

in the present study .

• Although the legislative history underlying. the oil and gas
exemption is limited to "other wastes associated with the
exploration development or production of crude oil or natural
gas," the Agency believes that the rationale set forth in that
history is equally applicable to produced waters and drilling
fluids, Therefore, in developing criteria to define the scope of
the Section 3001(b)(2) exemption, the Agency has applied this
legislative history to produced waters and drilling fluids,

• The potential exists for small volume nonexempt wastes to be
mixed with exempt wastes, such as reserve pit contents. EPA
believes it is desirable to avoid improper disposal of hazardous
(nonexempt) wastes through dilution with nonhazardous exernpt
wastes. For example, unused pipe dope should not be disposed of
in reserve pits. Some resiqual pipe dope, however, will enter the
reserve pit as part of normal field operations;" this residual pipe
dope does not concern EPA. EPA is undecided as to the proper
disposal method for some other waste streams, such as rigwash that
often are disposed of in reserve pits.

Using these assumptions, the test of whether a particular waste

qualifies under the exemption can be made in relation to the following

three separate criteria. No one criterion can be used as a standard when

defining specific waste streams that are exempt. These criteria are as

follows.
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1. Exempt wastes must be associated witll measures (1) to locate oil
or gas deposits, (2) to remove oil or natural gas from the ground,
or (3) to remove impurities from such substances, provided that
the purification process is an integral part of primary field .
operatlons.~

2. Only waste streams intrinsic to the exploration for, or the
development and production of, crude oil and natural gas are
subject to exemption. Waste streams generated at oil and gas
facilities that are not uniquely associated with the exploration,
development, or production activities are not exempt. (Examples
would include spent solvents from equipment cleanup or air
emissions from diesel engines used to operate drilling rigs.)

Clearly those substances that are extracted from the ground or
injected into the ground to facilitate the drilling, operation, or
maintenance of a well or to enhance the recovery of oil and gas
are considered to be uniquely associated with primary field
operations. Additionally, the injection of materials into the
pipeline at the wellhead which keep the lines from freezing or
which serve as solvents to prevent paraffin accumulation is
intrinsically associated with primary field operations. With
regard to injection for enhanced recovery, the injected materials
must function primarily to enhance recovery of oil and gas and
must be recognized by the Agency as being appropriate for enhanced
recovery. An example would be produced "water. In this context,
"primarily functions" means that the"main reason for injecting the
materials is to enhance recovery of oil and gas rather than to
serve as a means for disposing of those materials.

3. Drilling fluids, produced waters, and other wastes intrinsically
derived from primary field operations associated with the
exploration, development, or production of crude oil, natural gas,
or geothermal energy are subject to exemption. Primary field
operations encompass production·related activities but not
transportation or manufacturing activities. With respect to oil
production, primary field operations encompass those activities
occurring at or near the wellhead, but prior to the transport of
oil from an individual field facility or a centrally located
facility to a carrier (i.e., 'pipeline or trucking concern) for
transport to a refinery or to a refiner. With respect to natural
gas production, primary field operations are those activities
occurring at or near the wellhead or at the gas plant but prior to
that point at which the gas is transferred from an individual
field facility. a centrally located facility. or a gas plant to a
carrier for transport to market.

5 lhus. wastes associated with such proc~~ses as 011 refining. petrochemical-related
mdnufacturing. or electricity generation are not exempt becau~e those processes do not occur at the
primary field operations.
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Primary field opel"ations may encompass the primary, secondary, and
tertiary produc.tion of oil or gas. Wastes generated oy the
transportat ion process itsel f are not exempt because they are not
intrinsically associated with primary field operations. An
example would be pigging waste from pipeline pumping stations.

Transportation for the oil and gas industry may be for short or
long distances. Wastes associated with manufacturing are not
exempt because they are not associated with exploration,
development, or production and hence are not intrinsically
associated with primary field operations. Manufacturing (for the
oil and gas industry) is defined as any activity occurring within
a refinery or other manufacturing facility the purpose of which is
to render the product co~ercially saleable.

Using these definitions, Table II-l presents definitions of exempted

wastes as defined by EPA for the purposes of this study. Note that this

is a partial list only. Although it includes all the major streams that

EPA has considered in the preparation of this report, others may exist.

In that case, the definitions 1isted above would be appl ied to determine

their status under RCRA.

Waste Volume Estimation Hethodolo9Y

Information concerning volumes of wastes from oil and gas

exploration, development, and production operations is not routinely

collected nationwide, making it necessary to develop methods for

estimating these volumes by indirect methods in order to comply with the

Section 8002(m) requirement to present such estimates to Congress. For
this study, estimates were compiled independently by EPA and by the

American Petroleum Institute (API) using different methods. Both are

discussed below.

Estimating Volumes of Drillina Fluids and Cuttings

EPA considered several different methodologies for determining volume

estimates for produced water and drilling fluid.
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Table IJ-J P~rtlal lIst of E~empl and tione~~mpt Wastes

tx[MPT \I,\Sl(S

Drill cuttings

On 111r.g flu 1(:lS

\,,:11 cooplo:t10n. tT'eatment.
and Sl10lulatlon fluius

Pdellng flUids

Sono. hydrOCorbon solIds.
and other depOSIts re~~ved

from product Ion wells

P,pe scale, hydrcearoon
solIds, hydrates. and other
depOSIts removed from

plpln~ and equl~nt

Plggmg "Jst~s from
g"lherlng lInes

Wasles from Subsurface
gJS storage and retrieval

\lute lulJrlcants. hydraulic
flutds. motor 011. and

poll lnt

\laste solvents from clean
up operat Ions

Oft-speC1flcatlOn and

unused materials intended
for disposal

InCInerator ash

PIggIng ..astes from
transport3t Ion p1pellneS
hll1e JI-I

BaSIC sedl~nt "ne .. Jter
and oth~r tanl oott~s

from st~rage facll'lIes
and separators

Pro.:: ..ced ..aler

Const1tuents removed from
prOduced water before It
IS InJected or otherWIse
c:l1sposed of

Acculnulated mHerld15 (such
as hydrocarbons. solIds,
sand. and emulsIon) from
production separators,
flUid-treatIng vessels,
and productIon Impoundments
tnat are not mlxeO with
separdt Ion or treJlment
medlJ

Orl11,ng mudS from offshore
operat IOns

NON[X[~PT WASTES

SanItary ..<lstes, trash, and
gray ..ater

Gdses, such as SO~, NO~,

and partlculdles fror. gas
turbines or otner mach1nery

Drums (filled. partIally
filled, or cleaned) ..hose
contents (Ire not intended
for use

I I -20

AoproprlJte flUIds 1nJe:ted
co..nhOle for secondJr) a~d

tertiary reCOvery operations

liqu1d hydrocarbons remOved
from Ihe prOduction stream
Out not from ~ll refln,ng

Gases r~ved from tne
product Ion stream, s~cn as
hydrogen sulfIde. carbcn
dlo~Ide, and volatlllzea
hydrocarbons

HaterlJls eJected from a
prodyctlon ~el1 during tne pTo:e~

lnown JS blowin; d~n d ..ell

Waste crude od from
prlffidry fIeld operatIons

lIght organ1CS YolJt I1,ud
from recovered hydrocarnons
or from solvents or other
ChemIcals use1 for cleanIng.
fracturing, or well comp1~llon

Waste iron sponge, glyc.:l1, and
otner separatIon med'a

Filters

Spent cau lysts

\loste'S from tru~~· an.:! drUlo
cleanIng operations

Waste solvents from eQuipment
ma Intenance

Spills from p1pelines or
other transport methods



EPA's estimates: For several regions of the country, estimates of
volumes of drilling fluids and cuttings generated from well drilling

operations are available on the basis of waste volume per foot of well

drilled. Estimates range from 0.2 barrel/foot (provided by the West

Virginia Dept. of Natural Resources) to 2.0 barrels/foot (provided by
NL Baroid Co. for Cotton Valley formation wells in Panola County,

Texas). EPA therefore consicered the possibility of using this approach

nationwide. If it wel"e possible to generate such estimates for all areas

of the country, including allowances for associated wastes such as

completion fluids and waste cement, nationwide figures would then be
comparatively easy to generate. They could be based on the total footage

of all wells drilled in the U.S., a statistic that is readily available

from API.

This method proved infeasible, however, because of a number of

complex factors contributing to the calculation of waste-per· foot
estimates that wou1d be both comprehensive and valid for all areas of ttle

country. For instance, the use of solids control equipment at drilling

sites, which directly affects waste generation, is not standardized. In

addition, EPA would have to differentiate among operations using various

drilling fluids (oil-based, water-based, and gas-based fluids). These

and other considerations caused the Agency to reject this method of

estimating volumes of drilling-related wastes.

Another methodology would be to develop a formal model for estimating

waste volumes based on all the factors influencing the volume of drilling

waste produced. These factors would include total depth drilled,
geologic formations encountered, drilling fluid used, solids control

equipment used, drilling problems encountered, and so forth. Such a

model could then be applied to a representative sample of wells drilled

nationwide, yielding estimates that could then be extrapolated to produce

nationwide volumes estimates.
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This method, too, was rejected as infeasible. It would h~ve required

access to data derived from the driller's logs and mud logs maintained at
individual well sites, which would have been very difficult to acquire.

Beyond this, other data and analytical needs for building such a model

proved to be beyond the resources available for the project.

With these methodologies unavailable. EPA developed its estimates by

equating the wastes generated from a drilling operation with the volume
of the reserve pit constl·ucted to service the well. Typically, each well

is served by a single reserve pit. which is used primarily for either

temporary Qt. permanent disposal of drilling wastes. Based on field

observations, EPA made the explicit assumption that reserve pits are

sized to accept tIle wastes anticipated fronl the drilling operation. The

Agency then collected information on pit sizes during the field sampling

program in 1986 (discussed later in this chapter), from l1terature

searches, and by extensive contact with State and Federal regulatory
personnel.

EPA developed three generic pit sizes (1.984-. 22.700-. "nu
87,240-barrel capacity) to represent the range of existing pits and

assigned each State a percent distribution for each pit size based on

field observation and discussion with selected State and industry
personnel. For example, from the data collected, Utah's drilling sites

were characterized as having 35 percent small pits, 50 percent medium

pits, and 15 percent large pits. Using these State-specific percent

distributions, EPA was then able to readily calculate an estimate of
annual drilling waste volumes per year for each State. Because Alaska's

operations are generally larger than operations in the other oil- and

gas-producing States, Alaska's generic pit sizes were different (55,093
and 400.244-barrel capacity.)
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Although the EPA method is relatively simple, relying on a well site
feature that is easily observable (namely, the reserve pitl,· the method

does have several disadvantages. It does not explicitly account for'
waste volume increases and decreases due to evaporation, percolation, and

ra'inwater collection. The three generic pit sizes may not adequately

represent the wide range of pit sizes used for drilling, and they all

assume that the total volume of each res~rve pit, minus a nominal 2 feet
of freeboard, will be used for wastes. Finally, the inforQalion

collected to determine the percent distributions of pit sizes within

States may not adequately characterize the industry. and adjusting the

distribution would require gathering new informatio~ or taking a new

survey. All of these uncertainties detract from the accuracy of a risk
assessment or an economic impact analysis used to evaluate alternative

waste management techniques.

The American Petroleum In~titllte's estimates: As the largest

natiol1al oil trade organization, the API routinely gathers and analyzes
many types of information on the oil and gas industry. In addition, in

conducti ng it s independent estimates of dri 11 i ng was te volumes, API was

able to conduct a direct survey of operators in 1985 to request waste

volume data-~a method that was unavailable to EPA because of time and

funding limitations. API sent a questionnaire to a sample of operators

nationwide, asking for estimated volume data for drilling muds and
cO~lpletion fluids, drill cuttings, and other associated wastes discharged

to the reserve pit. Completed questionnaires were received for 693
individual wells describing drilling muds, completion fluids, and drill

cuttings; 275 questionnaires also contained useful information concerning

associated wastes. API segregated the sampled wells so that it could

characterize driJling wastes within each of II sampling zones used in

this study and within each of 4 depth classes. Since API maintains a

data base on basic information on all wells drilled in the U.S.,
including location and depth, it was able to estimate a volume of wastes

for the more than 65,000 wells drilled in 1985. The API survey does have
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several significant limitations. Statistical representativeness of the
survey is being analyzed by EPA. Respondents to the survey were

primarily large oil companies. The survey was accompanied by a letter

that may have influenced the responses. Also, EPA experience with

operators indicates that they may underestimate reserve pit volumes.

Even though volumetric measurement and statistical analysis represent

the preferred method for estimating dril.ling waste volumes, the way in

which API's survey was conducted and the data were analyzed may have some

drawbacks. Operators were asked to estimate large volumes of wastes,

which are added slowl~ to the reserve pit and are not measured. Because

the sample size is small in comparison to the population, it is

questionable whether the sample is an unbiased representation of the

drilling industry.

Estimating Volumes of Produced ~ater

By far the largest volume pl'oduction waste from oil and gas

.operations is produced water. Of all the wastes generated fronl oil and

gas operations, produced water figures are reported with the most

frequency because of the reporting requirements under the Underground

Injection Control (UIC) and National Pollution Discharge Elimination
System (NPDES) p,"ograms.

EPA's estimates: Because produced water figures are more readily

available than drilling waste data, EPA conducted a survey of the State

agencies of 33 oil- and gas-producing States, requesting produced water

data from injection reports, production reports, and hauling reports.

For those States for which this information was not available, EPA

derived estimates calculated from the oil/water ratio from surrounding

States (this method used for four States) or derived estimates based on

information provided by State representatives (this method used for six

States).
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API's estimates: In addition to its survey of drilling wastes, API
conducted a supplemental survey to determine total volumes of produced

water on a State-by-State basis. API sent a produced water survey form
to individual companies \"eqlJesting 1985 crude oil and condensate volumes

and produced water volumes and distribution. Fourteen operators in 23

States. responded. Because most of the operators were active in more than
one State, API was able to include a total of 170 different survey

points. API then used these data to generate water-to-oil ratios (number
of barrels of water produced with each barrel of oil) for each operator

in each State. By extrapolation~ the results of the survey yield an

estimate of the total volume of produced water on a statewide basis; the
statewide estimated produced water volume total is simply the product of

the estimated State ratio (taken from this survey) and the known total

oil production for the State. API r~ports this survey method to have a

95 percent confidence level for produced water volumes. No standard

deviation was reported with this confidence level.

For most States, the figure generated by this method agrees closely
with the figure arrived at by EPA in its survey of State agencies in 33

oil-producing States. For a few Slates, however, the EPA and API numbers

are significantly different; Wyoming is an example. Since most of the

respondents to the API survey were major companies, their production

operations may not be truly representative of the industry as a whole.

Also, the API method did not cover all of the States covered by EPA.

Neither method can be considered completely accurate, so judgment is

needed to determine the best method to apply for each State. Because the

Wyoming State agency responsible for oil and gas operations believes that

the API number is greatly in error, the State number is used in this
report. Also, since the API survey did not cover many of the States in

the Appalachian Basin, the EPA numbers for all of the Appalachian Basin

States are used here. In all other cases, however, the API-p)'oduced

water volume numbers. which were derived in part from a field survey, are
believed to be more accurate than EPA numbers and are therefore used in

thi s report.
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Waste Volume Estimates

Drilling waste volumes for 1985, calculated by both the EPA and API
methods, appear in Table 11-2. Although the number of wells drilled for
each State differs between the two methods, both methods fundamentally
relied upon API data. The EPA method estimates that 2.44 billion barrels
of waste were generated from the drilling of 64,508 wells, for an average
of 37,902 barrels of waste per well. The API method estimates that 361
million barrels of waste were generated from the drilling of 69,734
wells, for an average of 5,183 barrels of waste per well. EPA has
reviewed API's survey methodology and believes the API method is more

reliable in predicting actual volumes generated. For the purposes of
this report. EPA will use the API estimates for drilling waste volumes.

Produced water volumes for 1985, calculated by both the EPA and API
methods, appear in Table 11-3. The EPA method estimates 11.7 billion
barrels of produced water. The API method estimates 20.9 billion barrels
of produced water.

CHARACTERIZATION OF WASTES

In support of this study, EPA collected samples from oil and gas
exploration, development. and production sites throughout the country and
analyzed them to determine their chemical composition. The Agency
designed the sampling plan to ensure that it would cover the country's,
wide range of geographic and geologic conditions and that it would
randomly select individual sites for stUdy within each area
(USEPA 1987). One hundred one samples were collected from 49 sites in 26
different locations. Operations sampled included centralized treatment
facilities, central disposal facilities, drilling operations, and

production facilities. For a more detailed discussion of all aspects of
EPA's sampling program, see USEPA 1987.

11-26



Table 11-2 Estimated u.s. Drlllln9 Waste Volumes, 1985

EPA method API method
Number of. Volumea Number of Volumeb

State wells drilled 1,000 bbl wells drilled 1,000 bbl

Alabama 343 15,179 367 5,994
Alaska 206 4,118 242 1,8 I6
Arizona 3 56 3 23
Arkansas 975 43, 147 1,034 8,470
California 3,038 82,276 3,208 4,529
Colorado 1,459 27,249 1,578 8,226
Florida 21 929 21 1,068
Georgia NCe NC 1 2
Idaho NC NC 3 94
Illinois 2,107 57,063 2,291 2,690
Indiana 910 24,645 961 I, 105
Iowa NC NC I 1
Kansas 5,151 96,818 5,560 17,425
Kentucky 2,141 8,683 2,482 4,874
Louisiana 4,645 205,954 4,908 46,72~

Maryland 85 345 91 201
Michigan 823 22,289 870 3,866
Mississippi 568 25,136 594 14,653
Missouri 22 596 23 18
Montana 591 36,302 623 4,569
Nebraska 261 4,906 282 .,61
Nevada 34 1,070 36 335
New Mexico 1,694 3I ,638 1,780 13,908
New York 395 1,602 436 1,277
North Dakota 485 9, 116 514 4,804
Ohio 3,413 13,842 3,818 8,139
Oklahoma 6,978 383,581 7,690 42,547
Oregon 5 135 5 5
Pennsylvania 2,466 10,001 2,836 8,130
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Table 11-2 (continued)

EPA method API method
VolumebNumber of Volumea Number of

State wells drilled 1,000 bbl wells drilled I ,000 bb1

South Dakota 44 827 49 289
Tennessee 169 685 228 795
Texas 22,538 1,238,914 23,915 133,014
Utah 332 6,201 364 4,412
Virginia 85 345 91 201
Washington NCc NCc 4 15
West Virginia 1,l88

d
4,818 I ,419 3,097

Wyoming 1,409 86,546d I ,497 13,528

U.S .. Total 64,499 2,444,667 69,734 361,406

a Based on total available reserve pit volume. assuming 2 ft of freeboard (ref.).
b 8ased on total volume of drilling muds, .drill cuttings, completion fluids,
circulated cement, formation testing fluids, and other water and solids.
c Not calculated. .
d EPA notes that for Wyoming, the State's numbers are 1,332 and 11,988,000,
respectively.
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Table 11-3 Estimated U.S. Produced Water Volumes, 1985

EPA volumes API volumes
State 1,000 bbl Source 1,000 bbl Source

Alabama 34,039 a 87,619 9
Alaska 112,780 b 97,740 9
Arizona 288 b 149 9
Arkansas 226,784 b 184,536 9
California 2,553,326 b 2,846,978 9
Colorado 154,255 d 388,661 9
Florida 85,052 b 64,738 9
Illinois 8,560 e 1,282,933 9
Indiana 5,846 d h
Kansas 1,916,250 f 999,143 9
Kentucky 16,055 d 90,754 9
Louisiana 794,030 f 1,346,675 9
Maryland 0 b h
Michigan 64,046 b 76,440 9
Mississippi 361,038 e 318,666 9
Missouri 2,177 a h
Montana 159,343 b 223,558 9
Nebraska 73,411 b 164,688 9
Nevada 3,693 a h
New Mexico 368,249 e 445 ..265 9
New York 4,918 e h
North Dakota 88,529 b 59,503 9
Ohio 13,688 e h
Oklahoma 1,627,390 f 3,103,433 9
Oregon 33 b h
Pennsylvania 31,131 f h
South Dakota 3,127 b 5,155 9
Tennessee 800 f h
Texas 2,576,000 e 7,838,783 9
Utah 126,000 e 260,661 9
Virginia 0 b h
West Virginia 7,327 d 2,844 9
Wyomi ng 253,476* f 985,221 9

U.S. Total 11 ,671,641 20,873,243**

Sources: a. Inject i on Report s
b. Product i on Reports
c. Hauling Reports
d. Estimate calculated from water/oil ratio from surrounding States
e. Estimate calculated from water/oil ratio from other years for which

data were available
f. Estimate calculated from information provided by State

representative. See Table 1-8, (Westec, 1987) to explain footnotes
a-f

g. API industry survey
h. Not surveyed

*

**

Wyoming states that 1,722,599,614 barrels of produced water were
generated in the State in 1985. For the work done in Chapter VI, the
State's numbers were used.
Includes only States surveyed.

11-29



Central pits and treatment facilities receive wastes from numerous

011 and gas field operations. Since large geographic areas are servlced

by these facilities. the facllities tend to b~ very lafge; one pit in

Oklahoma measured 15 acres and was as deep as 50 feet in places. Central
pits are used for long-tel"m waste storage and incorporate no treatment of

pit contents. Typical operations accept drilling waste only, produced

waters only, or both. Long-term, natural evaporation can concentrate the

chemical constituents in the pit. Central treatment and disposal

facilities are designed for reconditioning and treating wastes to allow

for discharge or final disposal. Like central pits, central treatment

facilities can accept drilling wastes only, produced water only, or

both.

Reserve pits are used for onsite disposal of waste drilling fluids.

These reserve pits are usually dewatered and backfilled. Waste

byproducts present at pI'oduction sites include saltwater brines (called
. produced waters), tank bottom sludge, and "pigging wax, H which can

accumulate in the gathering lines.

Extracts from these samples were prepared both directly and follOWing

the proposed EPA Toxicity Characteristic leaching Procedure (TClP). They
were analyzed for organic compounds, metals, classical wet chemistry

parameters, and certain other analytes.

API conducted a sampling program concurrent with EPA's. API's

universe of sites was slightly smaller than EPA's, but where they

overlapped, the results have been compared. API's methodology was
designed to be comparable to that used by EPA, but API's sampling and
analytical methods, including quality aSSl:rance and quality control

procedures, varied somewhat from EPA's. These dissimilarities can lead

to different analytical results. For a more detailed discuss10n of all

aspects of API's sampling program, see API 1987.
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Sampling Methods

Methods used by EPA and by API are discussed briefly below, with
emphasis placed on EPA's program.

EPA Sampling Procedures

Pit sampling: All pit samples were composited grab samples. The EPA
field team took two composited samples for each pit--one sludge sample
and one supernatant sample. ~here the pit did not contain a discrete

liquid phase, only a sludge sample was taken. Sludge samples are defined

by EPA for this report as tank bottoms, drilling muds, or other samples

that contains a significant quantity of solids (normally greater than

1 percent). EPA also collected samples of drilling mud before it entered
the reserve pit.

Each.pit was divided into four quadrants. with a sample taken from
the center of each quadrant, using either a coring device or a dredge.

The coring device was lined with Teflon or glass to avoid sample

contamination. This device was preferred because of its ease of use and

deeper penetration. The quadrant samples were then combined to make a

single composite sample representative of that pit.

EPA took supernatant samples at each of the four quadrant centers
before collecting the sludge samples, using a stainless steel liquid

thief sampler that allows liquid to be retrieved from any depth. Samples
were taken at four evenly spaced depths between the liquid surface and
the sludge-supernatant interface. EPA followed the same procedure at

each of the sampling points and combined the results into a single

composite for each site.

To capture volatile organics, volatile organic analysis (VOA) vials
were filled from the first liquid grab sample collected. All other
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sludge and liquid samples were composited and thoroughly mixed and had

any foreign material such as stones and other visible trash removed prior

to sendin9 them to the laboratory for analysis (USEPA )987).

Produced water: To sample produced water, EPA took either grab

samples from process lines or composited samples from tanks. Composite

samples were taken at four evenly spaced depths between the liquid
surface and the bottom of the tank, using only one sampling point per

tank. Storage tanks that were inaccessible from the top had to be

sampled from a tap at the tank bottom or at a flow line exiting the
tank. For each site location. EPA combined individual samples into a

single container to create the total liquid sample for that location.
EPA mixed all composited produced water samples thoroughly and removed

visible trash prior to transport to the laboratory (USEPA )987).

Central treatment facilities: Both liqUid and sludge samples were

taken at central treatment facilities. All were composited grab samples

using the same techniques described above for pits, tanks, or process

lines (USEPA J987).

API Sampling Methods

The API team divided pits into six sections and sampled in an "5"

curve pattern in each section. There were 30 to 60 sample locations

depending upon the size of the pit." API's sampling device was a metal or

PVC pipe, which was driven into the pit solids. When the pipe could not

be used, a stoppered jar attached to a ridged pole was used. Reserve pit
supernatant was sampled using weighted bottles or bottom filling

devices. Produced waters were usually sampled from process pipes or

valves. API did not sample central treatment facilities (API J987).

Analytical Methods

As for samplin9 methods, analytical methods used by EPA and by API
were somewhat different. Each is briefly discussed below.
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EPA Analvtical Methods

EPA analyzed wastes for the RtRA characteristics in accordance with

the Office of Solid Waste test methods manual (SW-846). In addition,
since the Toxicity Characteristic Leaching Procedure (TCLP) has been

proposed to be a RCRA test, EPA used that analytical procedure for
certain wastes, as appropriate. EPA also used EPA methods 1624 and 1625,
isotope dilution methods for organics. which have been determined to be

scientifically valid for this application.

EPA's survey analyzed 444 organic compounds. 68 inorganics, 19

conventional contaminants, and 3 RCRA characteristics for a total of 534
analytes. Analyses performed included gas and liquid chromatography,

atomic absorption spectrometry and mass spectrometry, ultraviolet

detection method, inductively coupled plasma spectrometry, and dioxin and

furan analysis. All analyses followed standard EPA methodologies and

protocols and inclUded full_ quality assurance/quality control (QA/QC) on
certain tests (USEPA 198]).

Of these 534 analytes, 134 were detected in one or more samples. For
about half of the sludge samples, extracts were taken usin9 EPA's proposed
Toxicity Characteristic Leaching Procedure (TCLP) and were analyzed for a
subset of organics and metals. Sanlples from central pits arld central
treatment facilities were analyzed for 136 chlorinated dioxins and furans

and 79 pesticides and herbicides (USEPA 1987).

API Analytical Methods

API analyzed for 125 organics, 29 metals, 15 conventional

contaminants, and 2 RCRA characteristics for each sample. The same

methods were used by API and EPA for analysis of metals and conventional
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pollutants with some minor variations. For organics analysis EPA used
methods 1624C and 1625C. while API used EPA methods 624 and 625. While
the two method types are comparable. method 1624 (and 1625C) may give a
more accurate result because of less interference from the matrix and a

lower detection limit than methods 624 and 625. In addition. QA/QC on
API's program has not been verified by EPA. See USEPA 1987 for a
discussion of EPA analytical nlethods.

Results

Chemical Constituents Found by EPA in Oil and Gas Extraction Waste Streams

As previously stated. EPA collected a total of 101 samples from
drilling sites, production sites, waste treatment facilities, and

-commercial waste storage and disposal facilities. Of these 101 samples,

42 were sludge samples and 59 were I iquid samples (USEPA" 1987) .

Health-bas~d numbers in mil"ligrams per liter (mg/l) wet"e tabulated

for all constituents for which there are Agency-verified limits. These

ar.e either reference doses for nonc~rcinogens (Rfds) or risk-specific

doses (RSDs) for carcinogens. RSDs were calculated. using the following
risk levels: 10-6 for class A (human carcinogen) and 10-5 for class 8
(probable human carcinogen). Maximum contaminant limits (MCls) were

used, when available, then Rfds or RSDs. An Mel is an enforceable
drinking water standard that is used by the Office of Solid Waste when
ground water is a main exposure pathway.

Two multiples of the health-based limits (or MCls) were calculated
for comp~rison with the sample levels found in the wastes. Multiples of

100 were used to approximate the regulatory level set by the EP toxicity
test (i.e., 100 x the drinking water standards for some metals and
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pesticides). Multiples of 1,000 were used to approximate the

concentration of a leachate which, as a first screen, is a threshold
level of potential regulatory concern. Comparison of constituent levels

found by direct analysis of waste with multiples of health·based numbers
(or MCLs) can be used to approximate dispersion of this waste to surface

waters. Comparison of constituent levels found by TCLP analysis of waste

with multiples of health-based numbers (or MeLs) can be used to
approximate dispersion of this waste to ground water.

For those polyaromatic hydrocarbons (PAHs) for which verified
health·based numbers do not exist, limits were estimated by analogy with

known toxicities of other PAHs. If structure activity analysis (SAR)
indicated that the PAH had the potential to be carcinogenic, then it was

assigned the same health-based number as benzo(a)pyrene, a potent

carcinogen. If the SAR analysis yielded equivocal results, the PAH was

assigned the limit given to indeno-(1,2,3-cd) pyrene, a PAH with possible
carcinogenic potential. If the SAR indicated that the PAH was not likely. .
to be carcinogenic, then it was assigned th~ same number as naphthalene,

a noncal·cinogen.

The analysis in this chapter does not account for the frequency of

detection of constituents, or nonhuman health effects. Therefore, it

provides a useful indication of the constituents deserving fu,·ther study,

but may not provide an accurate description of the constituents that have

the potential to pose actual human·health and environmental risks.

Readers should refer to Chapter V, "Risk Modeling," for information on

human health and environmental risks and should not draw any conclusions

from the analysis presented in Chapter II about the level of risk posed
by wastes from oil and gas wells.

EPA may further evaluate constituents that exceeded the health-based
limit or MeL multiples to determine fate, transport, persistence, and
toxicity in the environment. This evaluation may show that constituents
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designated as secondary in the following discussion may not. in fact, be

of concern to EPA.

Although the Toxicity Characteristics Leaching Procedure (TCLP) was
performed on the sludge samples. the only constituent in the leach

exhibiting concentrations that exceeded the multiples previously

described was benzene in production tank bottom sludge. All of the other
chemical constituents that exceeded the.multiples were from direct

analysis of the waste.

Constituents Present at Levels of Potential Concern

Because of the limited number of samples in relation to the large

universe of facilities from which the samples were drawn, results of the

waste sampling pr~gram conducted for this study must be analyzed
carefully. EPA is conducting a statistical analysis of these saw.ples.

Table 11-4 -shows EPA and API chemic,l constituents that were present
in oil and gas Extraction waste streams in amounts greater than.

health-based limits multiplied by 1,000 (primary concern) and those
constituents that occurred within the range of multiples of 100 and 1,000

(secondary concern). Benzene and arsenic, constituents of primary and

secondary concern respectively, by this definition, were modeled in the

risk assessment chapter (Chapter V). The table compares waste stream
location and sample phase with the 'constituents found at that location

and phase. Table 11-5 shows the number of samples compared with the
number of detects in EPA samples for each constituent of potential

concern.

The list of constituents of potential concern is not final. EPA is

currently evaluating the data collected at the central treatment
facilities and central pits. and more chemical constituents of potential

concern may result from this evaluation. Also, statistical analysis of
the sampling data is continlling.
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Comparison to r.onstituents of Potential Concern Identified in the Risk
Analvsis

This report'~ risk assessm~nt selected the chemical constituents that
are most likely to dorninate the human health and environmental risks

associated with drilling wastes and prod~ced water endpoints. Through

this screenillg process, EPA selected arsenic, benzene, sodium, cadmium,

chromium VI, boron, chloride, and total mobile ions as the constituents
to model for risk assessment. 6

The chemicals selected for the risk assessment modeling differ from

the constituents of potential concern identified in this chapter's
analysis for at least three ,"eJsons. First, the risk assessment

screening accounted for constituent mobility by examining several factors

in addition to solubility that affect mobility (e.9., soil/water
partition cpefficients) whe,"eas, in Chapter II, constituents of potential

concern were not selected on the basis of mobi~ity in the environment.

Second~ certiin constituents wer~ selected for the risk assessment

modeling based on their po~cntial to cause adverse environmental. effects
as opposed to human health effects; ttle Chapter II analysis conside,"s

mostly human health effects. Third, frequency of detection was

considered in selecting constituents for the risk analysis but was not

considered in the Chapter II analysis.

Facility Analysis

Constituents of potential concern were chosen on the basis of
exceedances in liquid samples or TeLP extract. Certain sludge samples

are listed in Tables 11-4 and 11·5, since these samples, through direct

6 Mob1le Ions modeled 1n the risk a~sessment In~lude chloride. sodl~m. potassIum.
calCIum. mdgneslum. and svlfdte.
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chemical analysis. indicated the presence of constituents at levels
exceeding the multiples previously described. One sludge sample analyzed

by the TClP method contained benzene in an amount above the level of
potential concern. T~ls sample is included In Tables 11-4 and 11-5. The

sludge samples are shown for comparison with the liquid samples and TClP

extract and were not the basis for choice as a constituent of potential

concern. Constituents found in the liqLlid samples or the TClP extract in

amounts greater than 100 times the health-based number are consid~red

constituents of potential concern by EPA.

Central Treatment Facility

Benzene, the only constituent found in liquid samples at the ce~tral

treatment facilities, was found in the effluent in amounts exceeding the

level of potential concern.

Central Pit Facility

No constituent was found in the liquid phase in amounts exceeding the

level of potential concern at central pit facilities.

Drilling Facilities

lead and barium were found in amounts exceeding the level of

potential con~ern in the liquid phase of the tank bottoms and the reserve

pits that were sampled. Fluoride was found in amounts that exceeded 100

tjmes the health-based number in reserve pit supernatant.

Production Facility

Benzene was present

concern at the midpoint

in amounts that exceeded the

and the endpoint lecatlons.
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level of potential concern that occurred only at the endpoint location
were for phenanthrene, barium, arsenic, and antimony. Benzene was

present in amounts exceeding the multiple of 1,000 in the TClP leachate
of one sample.

WASTE CHARACTERIZATION ISSUES

Toxicity Characteristic leaching Procedure (TClP)

The TClP was designed to model a reasonuble worst·case mismanagement

scenario, that of co-disposal of industrial waste with municipal refuse

or other types of biodegradable organic waste in a sanitary landfill. As

a generic model of mismanagement, this scenario is appropriate for

nonregulated wastes because those wastes may be sent to a municipal
landfill. However, most waste from oil and gas exploration and

production is not disposed of ~n a sanitary landfill, for which the test

was designed. Therefore, the test may not reflect the true hazard of the

waste when it is.managed hy other methods. However, if these wastes' were
to go to a sanita,'y landfill, EPA believes the TClP would be an

appropriate leach test to use.

For example, the TClP as a tool for predicting the leachability of

oily wastes placed in surface impoundments may actually overestimate that

1eachabil ity. One reason for thi s overest imat i on i nvo1ves the fact that

the measurement of volatile compounds is conducted in a sealed system

during extraction. Therefore, all volatile toxicants present in the
waste are assumed to be available for leaching to ground water. None of

the volatiles are assumed to be lost from the waste to the air. Since

volatilization is a potentially significant, although as yet

unquantified, route of loss from surface impoundments. the TClP may
overestimate the leaching potential of the waste. Another reason for

overestimation is that the TClP assumes that no degradation--either

chemical, physical, or biological--will occur in the waste before the

11·41



leachate actually leaves the impoundment. Given that leaching is not
likely to begin until a finite time after disposal and will continue to
occur over many years. the assumption of no change may tend to

overestimate leachability.

Conversely, the TCl? may underestimate the leaching potential of

petroleum wastes. One reason for this assumption is a procedural problem

in the filtration step of the TCl? The amount of mobile liquid phase

that is prescnt in ttlese wastes and that may nligrate and result in

ground-water contamination is actually underestimated by the TelP. The

TelP requires the waste to be separated into its mobile and residue solid
phases by filtration. Some production wastes contain materials that may

clog the filter, indicating that the waste contains little or no mobile

fraction. In an actual disposal environment, however, the liquid may

migrate. Thus, the TClP may underestimate the leaching potential of

these materials. Another reason for underestimation may be that the
acetate extraction fluid used is not as aggressive as real world leaching

fluid since other sohibili2ing species (e.g., detergents, solvents, humic·

species, chelating agents) may be present in .leaching fluid:; in actual

disposal units. The use of a citric acid extraction media for more

aggressive leaching has been suggested.

Because the TClP is a generic test that does not take site-specific
factors into account, it may overestimate waste leachability in some

cases and underestimate waste lea~hability in other cases. This is

believed to be the case for wastes from oil and gas exploration and
production.

The EPA has several projects underway to investigate and quantify the

leaching potential of oily matrices. These include using filter aids to
prevent clogging of the filter, thus increasing filtration efficiency,

and using column studies to quantitatively assess the degree to which

oily materials move through the soil. These projects may result in a
leach test more appropriate for oily waste.
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Solubility and Mobility of Constituents

Barium is usually found in drill~n9 waste as barium sulfate (bar1te),
which is practically insoluble in water (Considine 1974). Barium sulfate
may be reduced to barium sulfide. which is water soluble. It;s the

relative insolubility of barium sulfate that greatly decreases its

toxicity to humans; the more soluble and mobile barium sulfide is also

much more toxic (Sax 1984). Barium sulfide formation from barium sulfate

requires a moist anoxic environment.

The organic constituents present in the liquid samples in

concen~rations of potential concern were benzene and phenanthrene.

Benzene was found in produced waters and effluent from central treatment

facilities, and phenanthrene was found in produced waters.

An important commingl ing effect that can incr~ase the mobil ity of

nonpolar organic solvents is the addition of small amounts of a more
soluble· organic solvent. This effect can significantly increase the

extent to which normally insoluble materials are dissolved. This
solubility enhancement is a log-linear effect. A linear increase in

cosolvent concentration can lead to a logarithmic increase in

solubility. This effect is also additive in terms of concentration. For

instance, if a number of cosolvents exist in small concentrations, their

total concentration may be enough to have a significant effect on

nonpolar solvents with which the cosolvents come in contact (Nkedi-Kizza
1985, Woodburn et al. 1986). Common organic cosolvents are acetone,

toluene, ethanol, and xylenes (Brown and Donnelly 1986).

Other factors that must be considered when evaluating the mobility of

these inorganic and organic constituents in the environment are the use

of surfactants at oil and gas drilling and production sites and the
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general corrosivity of produced waters.

solubility of many constituents in these
been shown to corrode casing (see damage

Surfactants can enhance the

waters. Produced waters have
cases in Chapter IV).

Changes in pH in the environment of disposal can cause precipitation

of compounds or elements in waste and this can decrease mobility in the
environment. Also adsorption of waste components to soil particles will

attenuate mobility. This is especially true of soils containing clay

because of the greater surface area of clay-sized particles.

Phototoxic Effect of Polycyclic Aromatic Hydrocarbons (PAH)

New studies by Kagan et a1. (1984), Allred and Giesy (1985), and
Bowling et al. (1983) have shown that very low concentrations (ppb in

some cases) of polycyclic aromatic hydrocarbon (PAH) are lethal to some
forms of aquatic wildlife when they are introduced to sunlight after

exposure to the PAHs. This is called the phototoxic effect.

In the study conducted by Allred and Giesy (1985), it was Shown that
anthracene toxicity to Daphnia pulex resulted from activation by solar

radiation of material present on or within the animals and not in the

water. It appeared that activation resulted from anthracene molecules

and not anthracene degeneration products. Additionally, it was shown
that wavelengths in the UV-A region (315 to 380 nm) are primarily

responsible for photo-induced anthracene toxicity.

It has been shown that PAHs are a typical component of some produced

waters (Davani et al., 1986a). The practice of disposal of produced

waters in unlined percolation pits is allowing PAHs and other

constituents to migrate into and accumulate in soils (Eiceman et a1.,
1986a, 1986b).
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pH and Other RCRA Characteristics

Of the RCRA parameters reactivity, ignitability, and corrosivity; no

waste sample failed the first two. Reactivity was low and ignitability

averaged 200°F for all waste tested. On the average. corrosivity

parameters were not exceeded, but one extreme did fail this RCRA test

(See Table 11-6). A solid waste is considered hazardous under RCRA if

its aqueous phase has a pH less than or equal to 2 or greater than or

equal to 12.5. As previously stated, a sludge sample is defined by EPA
in this document as a sample containing a significant quantity of solids
(normally greater than percent).

Of the majo~ waste types at oil and gas facilities, waste drilling

muds and produced waters have an average neutral pH. Waste drilling

fluid samples ranged from neutral values to very basic values. and

produced waters ranged from neutral to acidic values. In most cases ,the

sludge phase tends to be more basic than the liquid phases.· An exception
is the tank bottom waste at central treatment facilities, which has an

average acidic value. Drilling waste tends to be basic in the liquid and

sludge phases and failed the RCRA test for alkalinity in one extreme
case. At production facilities the pH becomes more acidic from the

midpoint location to the endpoint. This is probably due to the removal
of hydrocarbons. This neutralizing effect of hydrocarbons is also shown

by the neutral pH values of the production tank bottom waste. An
interesting anomaly of Table 11-6 is the alkaline values of the influent
and effluent of central treatment facilities compared to the acidic

values of the tank bottoms at these facilities. Because central

treatment facilities accept waste drilling fluids and produced waters,
acidic constituents of produced waters may be accumulating in tank bottom

sludges. The relative acidity of the produced waters is also indicated

by casing failures, as shown by some of the damage cases in Chapter IV.
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Table 11-6 pll Values for Exploration, Developmenl and Production Waslrs (EPA Samples)

I Midpoint ank bottom t~ndPolnl Illlluenl lank 1';11 uent enlral Pit ank IJOltOIU, "II

roducllon

Slu c . ; 7. ; 7.
I U, . . ., . .. . , .1

Lentral treatment

SlulIRe .M; M.M; M. 2.0; 3.9; 5.• '.1; •.1; 10.0
,lqUld .7; 6.5; 7. 7.0; •.1; 10.1

....enlral Pit

Sludl!c 7.2; M.O; 9.
Liauid 5.7; 7.5; M.5

IVfIIlmg

~ 6.•; Y.U; 11.•
LI Ul 1.1; 7.1; 7.1 6.5; 7.7; 11.

Legend:

#; #; # - minimwn; avcmge; maximum



Use of Constituents of Concern

The screening analysis conducted for the risk assessment identified
arsenic, benzene, sodium, cadmium. chromium VI, boron, and chloride as

the constituents that likely pose the greatest human health and

environmental risks. The risk assessment's findings differ from this
chapter's findings since this chapter's analysis did not consider the

freqllency of detection of constituents, mobility factors, or nonhuman

health effects (see Table 11-7). Some constituents found in Table 11-4

were in waste streams causing damages as documented in Chapter IV.
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Table 11-7 Comparison of Potential Constituents of Concern
That Were Modeled In Chapter V

Chemical
Chapter
II· V"

Reasons for not Including In Chapter V
risk analvsls •••

Benzene P Yes

Phenanthrene P No

Lead P No

Barium P No

Arsenic S Yes

Fluoride S No

Antimony S No

NIA

Low frequency in drilling p~ and produced water samples;
low ground-water mobility; relatively low concentration
to-toxicity ratio; unverified reference dose used for
Chapter 2 analysis.

Low ground-water mobility.

Low ground-water mobility.

NIA

Relatively low concentration-to-toxicity ratio.

Low frequency in drilling pit and produced water samples.

• p", primary concern in Chapter 11; S '" secondary concern in Chapter II.

•• Yes", modeled in Chapter V analysis; no '" not modeled in Chapter V analysis.

U. Table summarizes primary reasons only; additional secondary reasons may also exist.
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