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CHAPTER I

INTRODUCTION

STATUTORY REQUIREMENTS AND GENERAL PURPOSE

Under Section 3001(b)(2)(A) of the 1980 Amendments to the Resource
Conservation and Recovery Act (RCRA), Congress temporarily exempted

several types of solid wastes from regulation as hazardous wastes,

pending further study by the Environmental Protection Agency
(EPA)l Among the categories of wastes exempted were "drilling

fluids, produced waters, and other wastes associated with the

exploration, development, or production of crude oil or natural gas or

geothermal energy." Section 8002(m) of the Amendments requires the

Administrator to~study these wastes and submit a final report to

Congress. This report responds to those requirements. Because of the

many inherent differences between the oil and gas industry and the

geothermal ~nergy industry. the report is submitted in three volumes.

Volume 1 (this volume) covers the oil and gas industry; Volume 2 covers

the geothermal energy industry; Volume 3 covers State regulatory
summaries for the oil and gas industry and includes a glossary of terms.

This report discusses wastes generated only by the onshore segment of the

oil and gas industry.

The original deadline for this $tudy was October 1982. EPA failed to

meet that deadline, and in August 1985 the Alaska Center for the

Environment sued the Agency for its failure to conduct the study.

1 EPA IS also required to make regulatory determinations affect ing the oil and gas and
geothenmal energy industrIes under several other major statutes. These include designing
appropriate effluent limitations guidelInes under the Clean ~ater Act, detenmining emissIons
standards under the Clean A1r Act. and ImplementIng the requIrements of the underground injectIon
control program under the Safe Drlnk1ng ~ater Act.



EPA entered into a consent order, obligating it to submit the final
Report to Congress on or before August 31, 1987. In April 1987, this
schedule was modified and the deadline for submittal of the final Report
to Congress was extend:d to December 31, 1987.

Following submission of the current study, and after public hearings
and opportunity for comment, the Administrator of EPA must determine

either to promulgate regulations under the hazardous waste management

provisions of RCRA (Subtitle C) or to declare that such regulations are
unwarranted. Any regulations would not take effect unless authorized by

an act of Congress.

This does not mean that the recommendations of this report are

limited to a narrow choice between application of full Subtitle C
regulation and continuation of the current exemption. Section 8002(m)

specifically requires the Administrator to propose recommendations for
"[both] Federal and non-Federal actions" to prevent or substantially
mitigate any adverse effects associated with management of wastes from

these industrles. EPA interprets this statement as a directive to

consider the practical and prudent means available to avert health or
environmental damage associated with the improper management of oil, gas,

or geothermal wastes. The Agency has identified a wide range of possible

actions, including voluntary programs, cooperative work with States to

modify their programs, and Federal action outside of RCRA Subtitle C,
such as RCRA Subtitle D, the existing Underground Injection Control
Program under the Safe Drinking Water Act, or the National Pollution
Discharge Elimination System under the Clean Water Act.

In this light, EPA emphasizes that the recommendations presented here
do not constitute a regulatory determination. Such a determination

cannot be made until the public has had an opportunity to review and

comment on this report {i.e., the determination cannot be made until June
19BB}. Furthermore, the Agency is, in several important areas,

presenting optional approaches involving further research and

consultation with the States and other affected parties.
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STUDY APPROACH

The study factors are listed in the various paragraphs of Section

8002(m), which is quoted in its entirety as Exhibit J (page 1-13). For
clarity, the Agency has designed this report to respond specifically to

each study factor within separate chapters or sections of chapters. It

is important to note that although every study factor has been weighed in

arriving at the conclusions and recommendations of this report, no single

study factor has a determining influence on the conclusions and

recommendations.

The study factors are defined in the paragraphs below, which also

introduce the methodologies used to analyze each study area with respect

to the oil and gas industry. More detailed methodological discussions

can be found later in this report and in the supporting documentation and
appendices.

STUDY FACTORS

The principal study factors of concern to Congress are listed in
subparagraphs (A) through (G) of Section 8002(m)(J) (see Exhibit 1). The

introductory and concluding paragraphs of the Section, however, also

contain directives to the Agency on the content of this study. This

work has therefore been organized to respond to the following

comprehensive interpretation of the 8002(m) study factors.

Stlldy Factor 1 - Defining Exempt Wastes

RCRA describes the exempt wastes in broad terms, referring to

"drilling fluids, produced waters, and other wastes associated with the

exploration, development, or production of crude oil or natural gas or

geothermal energy." The Agency, therefore, relied to the extent possible

on the legislative history of the amendments, which provides guidance on

the definition of other wastes. The tentative scope of the exemption is

discussed in Chapter II of this volume.
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Stlldy Factor 2 - Specifying the Sources and Volumes of Exempt Wastes

In response to Section B002(m)(I)(A), EPA has developed estimates of
the sources and volumes of all exempt wastes. The estimates are

presented in 'Chapter II, "Overview of the Industry."

Comprehensive information on the volumes of exempt wastes from oil

and gas operations is not routinely collected na~ionwide; however,

estimates of total volumes produced can be made through a variety of

approaches.

With respect to drilling muds and related wastes, two methods for
estimating volumes are presented. The first, developed early in the
study by EPA. estimates drilling wastes as a function of the size of

reserve pits. The second method is based on a survey conducted by the

American Petroleum Institute (API) on production of drilling muds and
completion fluids. cutting~, and other associated wastes discharged to
reserve pits. Both methods 'and their results are included fn Chapter If.

Similarly, EPA and API developed independent estimates of produced
water volumes. EPA's first estimates were based on a survey of the

injection. production. and hauling reports of State agencies; API's were

based on its own survey of production operations. Again, this report

presents the results of both methodologies.

Study Factor 3 - Characterizing Wastes

Section B002(m) does not directly call for a laboratory analysis of
the exempted wastes, but the Agency considers such a review to be a

necessary and appropriate element of this study. Analysis of the
principal high-volume wastes (i.e., drilling fluids and produced waters)
can help to indicate whether any of the wastes may be hazardous under the

1-4



definitions of RCRA Subtitle C. Wastes were examined with regard to
whether they exhibited any of the hazardous characteristics defined under
40 CFR 261 of RCRA, including extraction procedure toxicity,
;gnitability, corros;vity, and reactivity. Also, a compositional

analysis was performed for the purpose of determining if hazardous

constituents were present in the wastes at concentrations exceeding

accepted health-based limits.

EPA therefore conducted a national screening type program that

sampled facilities to compile relevant data on waste characteristics.

Sites were selected at random in cooperation with State regulatory

agencies, based on a division of the United States into zones (see
Figure J.}). Samples were subjected to extensive analysis. and the

results were subjected to rigorous quality control procedures prior to

their publication in January 1987. Simultaneously, using a different

sampling methodology, API sampled the same sites and wastes covered by
the EPA-sponsored survey. Chapter IJ of this report, "Overview of the
Industry," presents a summary of results ~f both. programs.

Study Factor 4 - Describing Current Disposal Practices

Section 8002(m)(I)(B) calls for an analysis of current disposal
practices for exempted wastes. Chapter III, "Current and Alternative

Waste Management Practices," summarizes EPA's review, which was based on

a number of sources. Besides reviewing the technical literature, EPA

sent representatives to regulatory agencies of the major oil- and
gas-producing States to discuss current waste management technologies

with State representatives. In addition, early drafts of this study's

characterizations of such technologies were reviewed by State and

industry representatives.
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The Agency intentionally has not compiled an exhaustive review of

waste management technologies used by the oil and gas industry. As
stl-essed throughout this volume. conditions and methods vary widely from

State to State and operation to operation. Rather, the Agency has

described the principal and common methods of managing field-generated

wastes and has discussed these practices in general and qualitative terms
in relation to their effectiveness in protecting human health and the

environment.

Study Factor 5 - Documenting Evidence of Damage to Human Health and the
Environment Callsed by Management of Oil and' Gas Wastes

Section B002(m)(I)(O) requires EPA to analyze "documented cases' of

health and environmental damage related to surface runoff or leachate.
•Although EPA has followed this instruction, paragraph (I) of the section

also refers to "adverse effects of such wastes [i.~., exempted wastes,

not necessarily only runoff and leachate] on humans, water. air, health,
welfare, and natural resources .... "

Chapter IV, "Damage Cases," summarizes EPA's effort to collect

documented evidence of harm to human health, the environment, or valuable

resources. Cases were accepted for presentation in this report only if,

prior to commencement of field work, they met the standards of the test

of proof, defined as (I) a scientific study, (2) an administrative
finding of damage under State or other applicable authority, or

(3) determination of damage by a court. Many cases met more than one

such test of proof.

A number of issues of interpretation have been raised that must be

clarified at the outset. First, in the Agency's opinion, the case study

approach, such as that called for by Section B002(m), is intended only to

define the nature and range of known damages, not to estimate the
freqllency or extent of damages associated with typical operations. The
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results p,"esented here should not be interpreted as having statistical

significance. The number of cases reported in each category bears no

statistically significant relationship to the actual types and

distribution of damages that mayor may not exist across the United

States.

Second, the total number of cases bears no implied or intended

relationship to the total extent of damage from oil or gas operations

caused at present or in the past.

Third, Section 8002(m)(1)(O) makes no mention of defining

relationships between documented damages and violations of State or other

Federal regulations. As a pra~tical necessity, EPA has in fact relied

heavily on State enforcement and complaint files in gathering
,

documentation for this section of the report.- Consequently, a

large proportion of cases reported here involve violations of State
"regulations. However, the fact that the majority of cases presented here

involve State enforcement actions implies nothing, positive or negative,

about the success of State programs in enforcing their requirements on

industry.

Study Factor 6 . Assessing Potential Danger to Human Health or the

Environment from the Wastes

Section 8002(m)(I)(C) requires.analysis of the potential dangers of
surface runoff and leachate. These potential effects can involve all

types of damages over a long period of time and are not necessarily

limited to the categories of damages for which documentation is currently
ava il ab1e.

2 Olller SO:.JT"Ce" hJ~e Incluued ellidence s..bmlttecl by prllldte CItizens or SI.l;lpl,ea lly attorneys

1n respo"se 10 Inquiries from fPA resedfC/'lefS
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Several methods of estimating potential damages are available, and
EPA has combined two approaches in responding to this study factor in
Chapter V, "Risk Modeling." The first has been to use quantitative risk
assessment modeling techniques developed for use elsewhere in the RCRA
program. The second has been to apply more qualitative methods, based on
traditional environmental assessment techniques.

The goal of both the quantitative and the qualitative risk
assessments has been to define the most important factors in causing or
averting human health risk and environmental risk from field operations.
For the quantitative evaluation, EPA has adapted the EPA Liner Location
Model, which was built to evaluate the impacts of land disposal of
hazardous wastes, for use in analyzing drilling and production
conditions. Since oil and gas operations are in many ways significantly
different from land disposal of hazardous wastes, all revisions to the
liner location Model and assumptions made in its present application have
been extensively documented and are summarized in Chapter V. The
procedures· of traditional environmental assessment needed no modification
to be applied.

As is true in the damage case work, the results of the modeling
analysis have no statistical significance in terms of either the pattern
or the extent of damages projected. The Agency modeled a subset of

prototype situations, designed to roughly represent significant
variations in conditions across the country. The results are very useful
for characterizing the interactions of technological, geological, and
climatic differences as they influence the potential for damages.

Study Factor 7 - Reviewing the Adequacy of Government and Private
Measures to Prevent and/or Mitigate any Adverse Effects

Section 8002 (m)(l) requires that the report's conclusions of any
adverse effects associated with current management of exempted wastes
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include consideration of the "adequacy of means and measures currently

employed by the oil and gas industry, Government agencies, and others" to
dispose of 01" recycle wastes or to prevent or mitigate those adverse

effects.

Neither the damage case assessment nor the risk assessment provided

statistically representative data on the extent of damages. making it

impossible to compare damages 1n any quantitative way to the presence and
effectiveness of control efforts. The Agency's response to this

requirement is therefore based on a qualitative assessment of all the

materials gathered during the course of assembling the report and on a

review of State regulatory programs presented in Chapter VII, "Current

Regulatory Progl"ams." Chapter VII reviews the elemerlts of programs and
highlights possible inconsistencies, lack of specificity, potential

problems in implementation, or gaps in c6verage. InterpJ'etation of the
adequacy of ttlese control efforts is presented in Chapter VIII,

"Conclusions."

Study Factor 8 . Defining Alternatives to Current Waste Management
Practices

Section 8002 (m)(l) requires EPA to analyze alternatives to current

disposal methods. EPA's discussion in response to this study factor is

incorporated in Chapter 111, "Current and Alternative Waste Management
Practices."

Chapter III merges the concepts of current and alternative waste

management practices. It does not single out particular technologies as

potential substitutes for current practices because of the wide variation
in practices among States and among different types of operations.

Furthermore. waste management technology in this field is fJirly simple.

At least for the major high-volume waste streams, no significant,

field-proven. newly invented technologies that can be considered

"innovative" or "emerging" are in the research or development stage.
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Practices that are routine in one location may be considered innovative

or alternative elsewhere. On the other hand, virtually every waste
management practice that exists can be considered "current" in one
specific situation or another.

This does not mean that improvements are not possible: in some cases.
currently available technologies may not be prope,"ly selected,

implemented. or maintained. Near-term improvements in waste management

in these industries will likely be based largely on more effective use of

what is already available.

Study Facto'" 9 - Estimating the Costs of Alternative Practices

Subparagraph (F) calls for analysis of costs of alternative

practices. The first several sections of Chapter VI, nCosts and Economic

Impacts of Alternative Waste Management Practices," present the Agency's

analysis of this study factor.

for the purposes of thi s report, EPA based its cost est imates on 21
prototypical regional projects, defined so as to captu,"e significant

differences between major and independent companies and between stripper

operations and other projects. The study evaluates costs of waste

disposal only for the two principal high-volume waste streams of concern,

drilling fluids and produced waters, employing as its baseline the use of

unlined reserve pits located at the drill site and the disposal of

produced waters in injection wells permitted under the Federal

Underground Injection Control Program and located off site.

The study then developed two alternative scenarios that varied the
incremental costs of waste management control technology, applied them to

each prototype project, and modeled the cost impacts of each. The
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first scenario imposes a set of requirements typical of full Subtitle C
management rules; the second represents a less stringent and extensive

range of requirements based, in essence, on uniform nationwide use of the

most up-to-date and effective controls now being applied by any of the
States. Model results indicate cumlllative annual costs, at the project

level, of each of the more stringent control scenarios.

Study Factor 10 . Estimating the Economic Impacts on Industry of

Alternative Practices

In response to the requirements of subparagraph (G), the final two

sections of Chapter VI present the Agency's analysis of the potential

economic impacts of nationwide imposition of the two control scenarfos

analyzed at the project level.

Both the cost and the economic impact predicted in this report are
admittedly large. Many significant variations influence the economics of

this industry and make it difficult to generalize about impacts on either

the project or the national level. In particular, the price of oil

itself greatly affects both levels. fluctuations in the price of oil

over the period during which this study was prepared have had a profound

influence on project economics, making it difficult to dl'aw conclusions
about the current or future impacts of modified waste management
practices.

Nevertheless, the Agency believes that the analysis presented here is

a l'easonable response to Congress's directives, and that the results,

while they cannot be exact, accurately reflect the general impacts that

might be expected if environmental control requirements were made more
stringent.
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l),HIBIT 1:
Sect Ion 6COZ(~) Re~ource Conservation and Recovery Act as amended by Pl 96-46Z

"(m) Or1111n; FlUIds. Produced ....at~rs. and Ot~er Wastes AStOClated wlth the (,:traCtlon,
O"",elopment. or PrOC!uctl0n of Crude OIl or Natural Gas or Geothermal Energy. [I) The
Aomlnlstrator shall conduct a detailed and comprehensive study and submit a report on
tfle adverse effects. lf any. of drlllln9 flulds. produced waters, and other w3Stes
associated With the exploratIon. development. or productIon of cruce OIl or natural gas
or geothennal energy on human health and the environment. Including. but not lImited to
the effects of SUCfl ...astes on humans .....Her. alr, health. welfare. "nd natur"l resources
and on tfle adequacy of means "nd measures current 1y employed by the 011 and gas and
geotherrr~1 drilling and production lnjustry, Government agenCIes. and others to dispose
of and ut 111ze such ..astes and to prevent or substant la lly mit Igate 'SuCh adverse
effect'S. Such study shall include an analysIs of-

"'tAl the sources and volume of dIscarded material generated per year from such
...astes;

~(BJ present disposal practiceS:

"(C) potentIal danger to human health and tne envIronment from tfle surface runoff or
leachate;

~(O) documented cases ...hlch pr,)ve or h.sve caused danger to human hea lth and the
environment from surface runoff or leacflate;

"(E) alterna'tlves to current disposal methods:

'"(F) the cost of such alternatives; lind

"(G) the Impact of those alternatives on the exploration for. and development and
production of, crude oil and natural gas or geothe~l energy.

In furtherance of this study. the Actrnnistrator shall, as he deems appropriate. rev lew
studies and other actions of othe~ Federal agencies concerning such wastes with a view
to...ard aVOIdIng dupllcatlon of effort and the need to expedIte such 'Study. The
AdmInistrator shall publlSh a report of SUCh and shall include appropri.te findings and
recommendatiOns for Federal and nOn-Federal actions concerning SUCh effects.

"(2) The Aaninistrator shall complete the research and study and submit the report
required under paragraph (1) not later than twenty-fo~r months from the date of
enact~~nt of the Solid ~aste Disposal Act Amendments of 1980. Upon completion of the
study. ~e Admlnl~~ra~or shall prep4re a s~mmary of the findings of the study, a pl~~

for research, development, and demonstration respecting the findings of the study. and
shall submit the findings and the study, along wIth any recommendations resulting from
such study, to tne Committee on Environment and Public Works of the United States Senate
and the CommIttee on Interstate and FOrelgn Commerce of the United states House of
Representatives.

"(3) There are authorized to be appropriatIons not to exceed $1,000,000 to carry out the
provlsions of this subsection.
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CHAPTER II

OVERVIEW OF THE INDUSTRY,

DESCRIPTION OF THE OIL AND GAS INDUSTRY

The oil and gas industry explores for, develops, and produces

petroleum resources. In 1985 there were approximately 842,000 producing
oil and gas wells in this country, distributed throughout 38 States.
They produced 8.4 million barrels' of oil, 1.6 million barrels of
natural gas liquids, and 44 billion cubic feet of natural gas daily. The

American Petroleum Institute estimates domestic ~11ion
barrels of oil, 7.9 billion barrels of natural gas liquids, and 193
trillion cubic feet of gas. Petroleum exploration, development, and
production industries employed approximately 421,000 people in
1985.'

The industry is as varied as it is large. Some aspects of
exploration, development, and production can change markedly from region

to region and State to State. Well depths range from as little as 30 to
50 feet in some areas to over 30,000 feet in areas such as the Anadarko

8asin of Oklahoma. Pennsylvania has been producing oil for 120 years;
Alaska for only. IS. Maryland has approximately 14 producing wells; Texas
has 269,OOO and completed another 25,721 in 1985 alone. Production from
a single well can vary from a high of about 11,500 barrels per day (the
1985 average for wells on the Alaska North Slope) to less than 10 barrels
per day for many thousands of nstripper" wells located in Appalachia and

I Crude 0;1 product ion O!5 traditionally been e~pressed in barrels. A barrel is equIvalent
to 5.61 ft 3 . 0.158 ~3. or 4Z U.S. ;~llons.

Z These numbers. provided to EPA by the Bureau of land Management (eLM), are generally
accepted.



the more developed portions of the rest of the country.3 Overall,
70 percent of all U.S. oil wells are strippers, operating on the margins

of profitability. Together, however, these strippers contribute 14

percent of total U.S. production--a number that appears small, yet is

roughly the equivalent of the immense Prudhoe Bay field in Alaska.

Such statistics make it clear that a short discussion such as this

cannot provide a comprehensive or fully accurate .description of this

industry. The purpose of this chapter is simply to present the

tet-minology used in the rest of this report4 and to provide an
overview of typical exploration, development, and production methods.

With this as introduction, the chapter then defines which oil and gas

wastes EPA considers to be exempt within the scope of RCRA Section B002;

estimates the volumes of exempt wastes generated by onshore oil and gas

operations; and presents the results of sample surveys conducted by EPA
and the American Petroleum Institute to characterize the content of

exempt oil and gas wastes.

Exploration and Development

Although geological and geophysical studies provide information

concerning potential accumulations of petroleum, the only method that can

confirm the presence of petroleum is exploratory drilling. The majority

of exploratory wells are "dry" and must be plugged and abandoned. When

an exploratory well does discover a commercial deposit, however, many

development wells are typically needed to extract oil or gas from that
reservoir.

3 the defInitIOn of "strlplK'r" ...elllllily "Wary frorn Stote to SUte. For example, North Oak-ota
defines a stripper as a ...ell that produces 10 barrels per day or less at 6,000 feet or less; 11 to
lS barrels per day frorn a depth of 6,001 feet to 10,000 feet; and 16 to 20 barrels per day for wells
thdt are 10.000 feet deep.

4 A glossary of terms is also provided In Volume 3.
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Exploratory and development wells are mechanically similar and

generate similar wastes up to the point of production. In order to bring
a field into production, however, development wells generate wastes
associated with well completion and stimulation; these processes are

discussed below. From 1981 to 1985, exploration and development drillin9
combined averaged 73,000 wells per year (API 1986). Drilling activity
declined in 1986 and by mid-1987 rebounded over 1986 levels.

In the early part of the century, cable-tool drilling was the
predominant method of well drilling. The up-and-down motion of a

chisel-like bit, suspended by a cable, causes it to chip away the rock,

which must be periodically removed with a bailer. Although an efficient

technique, cable-tool drilling is limited to use in shallow, low-pressure

reservoirs. Today, cable-tool drilling is used on a very limited basis

in the United States, having been replaced almost entirely by rotary
drilling.

Rotary drilling provides a safe method for controllin9 high-pressure

oil/gas/water flows and allows for the simultaneous drilling of the well
and removal of cuttin9s, making it possible to drill wells over 30,000
feet deep. Figure 11-1 illustrates the process. The rotary motion

provided by mechanisms on the drill rig floor turns a drill pipe or stem,
thereby causing a bit on the end of the pipe to gouge and chip away the
rock at the bottom of the hole. The bit itself generally has three
cone-shaped wheels tipped with hardened teeth and is weighted into place
by thick-walled collars. Well casing is periodically cemented into the
hole, providing a uniform and stable conduit for the drill stem as it
drills deeper into the hole. The casing also seals off freshwater
aqUifers, high-pressure lones, and other troublesome formations.

Most rotary drilling operations employ a circulation system using a
water- or oil-based fluid, called "mud" because of its appearance. The
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mud is pumped down the hollow drill pipe and across the face of the bit
to provide lubrication and remove cuttings. The mud and cutlings are
then pumped back up through the annular space between the drill pipe'and

the walls of the hole or casing. Mud is generally mixed with a weighting

agent such as barite, and other mud additives, thus helping it serve

several other important functions: (1) stabilizing the wellbore and
preventing cave-ins, (2) counterbalancing any high-pressure oil, gas, or

water zones in the formations being drilled, and (3) providing a medium

to alleviate problems "downhole" (such as stuck pipe or lost circulation).

Cuttings are removed at the surface by shale shakers, desanders, and

desilters; they are then deposited in the reserve pit excavated or
constructed next to the rig. The reclaimed drilling mud is then

recirculated back to the well. The type and extent of solids control
equipment used influences how well the cuttings can be separated from the

drill ing fluid, and hence influences the ·volume of mud discharged versus

how much is recirculated. Drilling mud must be disposed of when excess

mud is collected, when changing downhole conditions require a whole new

mud formulation, or when the.weil is abandoned. The reserve pit is
generally used for this purpose. (Reserve pits serve multiple waste

management functions. See discussion in Chapter Ill.) If the well is a
dry hole, the drilling mud may be disposed of downhole upon abandonment.

The formation of a drill ing mud for a particular job depends on types
of geologic formations encountered,. economics, availability, problems

encountered downhole, and well data collection practices. Water-based

drilling muds predominate in the United States. Colloidal materials,
primarily bentonitic clay, and weighting materials, such as barite, are

common constituents. Numerous chemical additives are available to give

the mud precise properties to facilitate the drilling of the well; they
include acids and bases, salts, corrosion inhibitors, viscosifiers,
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dispersants, fluid loss reducers, lost circulation materials,
flocculants, surfactants, biocides, and lubricants. (See also Table
111-2.)

Oil-based drilling fluids account for approximately 3 to 10 percent
of the total volume of drilling fluids used nationwide. The oil base may
consist of crude oil, refined oil (usually fuel oil or diesel), or
mineral oil. Oil-based drilling fluid provides lubrication in
directionally drilled holes, high-temperature stability in very deep
holes, and protection during drilling through water-sensitive formations.

In areas where high-pressure or water-bearing formations are not
anticipated, air drilling is considerably faster and less expensive than
drilling with water- or oil-based fluids. (Air drilling cannot be used
in deep wells.) In this process, compressed air takes the place of mud,
cooling the bit and lifting the cuttings back to the surface. Water is
injected into the return line for dust suppression, creating a slurry
that must be disposed of. In the United States, air drilling is ~ost

commonly·.used in the Appalachian Bas'in, in southeastern
Kansas/northeastern Oklahoma, and in the Four Corners area of the
Southwest. Other low-density drilling fluids are used in special
situations. Gases other than air, usually nitrogen, are sometimes
useful. These may be dispersed with liquids or solids, creating wastes
in the form of mist, foam, emulsion, suspension, or gel.

Potential producing zones are commonly measured and analyzed (logged)
during drilling, a process that typically generates no waste. If
hydrocarbons appear to be present, a drill stem test can tell much about
their characteristics. When the test is completed, formation fluids
collected in the drill pipe must be disposed of.

If tests show that commercial quantities of oil and gas are present,
the well must be prepared for production or "completed." "Cased hole"
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completions are the most common type. First, production casing is run
into the hole and cemented permanently in place. Then one or more

strings of production tUbing are set in the hole, productive intervals

are isolated with packers, and surface equipment is installed. Actual

completion involves the use of a gun or explosive charge that perforates
the production casing and begins the flow of petroleum into the well.

During these completion operations, drilling fluid in the well may be

modified or replaced by specialized fluids to control flow from the

formation. A typical completion fluid consists of a brine solution

modified with petroleum products, resins, polymers, and other chemical
additives. When the well is produced initially, the completion fluid may

be reclaimed or treated as a waste product that must be disposed of. For

long-term corrosion protection, a packer fluid is placed into the

casing/tubing an~ulus. Solids-free diesel oil, crude oil, produced

water, or specially treated drilling fluid are preferred packer fluids.

Following well. completion, oil or gas in the surrounding fOrlilations

frequently is not under sufficient pressure to flow freely into the well

and be removed. The formation may be impacted with indigenous material,
the area directly surrounding the borehole may have become packed with

cuttings, or the formation may have inherent low permeability.

Operators use a variety of stimulation techniques to correct these

conditions and increase oil flow..Acidizing introduces acid into the

production formation, dissolVing formation matrix and thereby enlarging

existing channels in carbonate-bearing rock. Hydraulic fracturing
involves pumping specialized fluids carrying sand, glass beads, or

similar materials into the production formation under high pressure; this

creates fractures in the rock that remain propped open by the sand,

beads, or similar materials when pressure is released.
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Other specialized fluids may be pumped down a production well to
enhance its yield; these can include corrosion inhibitors, surfactants,

friction reducers, complexing agents, and cleanup additives. Although

the formation may retain some of these fluids, most are returned to the

surface when the well is initially produced or are slowly released over

time. These fluids may reqUire disposal, independent of disposal

associated with produced water.

Drilling operations have the potential to create air pollution from
s~veral sources. The actual dt"illing equipment itself is typically run

by large diesel engines that tend to emit significant quantities of

particulates, sulfur oxides, and oxides of nitrogen, which are subject to

regulation under the Clean Air Act. The particulates emitted may contain

heavy metals as well as polycyclic organic matter (POMs). Particularly

for deep wells, which require the most power to drill, and in large

fields where several drilling operations may be in progress at the same

time, cumulative diesel emissions can be important. Oil-fired tur'bines
are also used as a source of power on newer drilling rigs. Other sources

of air pollution include volatilization of light organ;'c compounds from

reserve pits and other holding pits that may be in use during drilling;
these are exempt wastes. These light organics can be volatilized from

recovered hydrocarbons or from solvents or other chemicals used in the

production process for cleaning, fracturing, or well completion. The

volume of volatile organic compounds is insignificant in comparison to

diesel engine emissions.

Production

Production operations generally include all activities associated

with the recovery of petroleum from geologic formations. They can be

divided into activities associated with downhole operations and

activities associated with surface operations. Downhole operations

include primary, secondary, and tertiary recovery methods; well

workovers; and well stimulation activities. Activities associated with
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surface operations include oil/gas/water separation, fluid treatment, and

disposal of produced water. Each of these terms is discussed briefly
below.

Downhole Operations

Primary recovery refers to the initial production of oil or gas from

a reservoir using natural pressure or artificial lift methods, such as

surface or subsurface pumps and gas lift, to bring it out of the

formation and to the surface. Most reservoirs are capable of producing

oil and gas by primary recovery methods alone, but this ability declines
over the life of the well. Eventually, virtually all wells must employ
some form of secondary recovery,. typically involving injection of gas or

liquid into the reservoir to maintain pressure within the producing

formation. Waterflooding is the most frequently employed secondary

recovery method. It involves injecting treated fresh water, seawater, or

pl'oduced water into the formation through a separate well or wells.

Tertiary recovery refers to the recovery of the last portion of the

oil that can be economically produced. Chemical, physical, and thermal

methods are available and may be used in combination. Chemical methods

involve injection of fluids containing substances such as surfactants and

polymers. Miscible oil recovery involves injection of gases, such as

carbon dioxide and natural gas, which combine with the oil. Thermal
recovery methods include steam injection and in situ combustion (or "fire

flooding"). When oil eventually reaches a production well, injected
gases or fluids from secondary and tertiary recovery operations may be

dissolved or carried in formation oil or water, or simply mixed with

them; their removal is discussed below in conjunction with surface

production operations.

Workovers, another aspect of downhole production operations, are
designed to restore or increase production from wells whose flows are
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inhibited by downhole mechanical failures or blockages, such as sand or

paraffin deposits. Fluids circulated into the well for this purpose must
be compatible with the formation and must not adversely affect

permeability. They are similar to completion fluids, descl"ibed earlier.

When the well is put back into production, the workover fluid may be

reclaimed or disposed of.

Other chemicals may be periodically or continuously pumped dO\~n a
production well to inhibit corrosion, reduce friction, or simply keep the

well flOWing. For example, methanol may be pumped down a gas well to

keep it from becoming plugged with ice.

Surface Operations

Surface production operations generally include gathering of the

produced fluids (oil, gas, gas liquids, and water) from a well or group

of wells and ~paration and treatment of the fluids. See

Figures 11~2, II~3, and 11-4. As producing reservoirs are depleted, their

water/oil ratios may increase steeply. New we1ls may produce little if

any water; stripper wells may vary greatly in the volume of water they

produce. Some may produce more than 100 barrels of water for every barrel
of oil, particularly if the wells are subject to waterflooding operations.

Virtually all of this water must be removed before the product can be

transferred to a pipeline. (The maximum water content allowed is

generally less than 1 percent.) The oil may also c0!1tain completion or

workover fluids, stimulation fluids, or ottler chemicals (biocides,

fungicides) used as an adjunct to production. Some oil/water mixtures

may be easy to separate, but others may exist as fine emulsions that do
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Figure 11-3 Oil Production With Average H,a Produclion With Dissolved/Associated Gas

Produced walers are nol always injected as indicilled in thi, figure. Produced waler may be trucked 10 central treatment and disposnl
tocilities, discharged Into disposal pits, discharged 10 surlace or coastal wators, or used for beneficial or agricultural use.




