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INTRODUCTION

At the request of the Secretary of Energy, the National
Petroleum Council (NPC) undertook this comprehensive study, which
updates the Council's 1971 report, Environmental Conservation --
The 0il and Gas Industries. In his request, the Secretary stated
that "special emphasis should be placed on determining the environ-
mental problems that are most serious and the impact of current
environmental control regulations on the availability and cost of
petroleum products and natural gas." (See Appendix A for the
Secretary's request letter, a description of the NPC, and a roster
of the NPC membership.)

To respond to the Secretary's request, the Council established
the NPC Committee on Environmental Conservation under the chair-
manship of Alton W. Whitehouse, Jr., Chairman of the Board and
Chief Executive Officer, The Standard 0il Company (Ohio). The
Honorable William A. Vaughan, Assistant Secretary for Environmental
Protection, Safety, and Emergency Preparedness, U.S. Department of
Energy, was designated Government Cochairman of the Committee. The
Committee was assisted by a Coordinating Subcommittee and five task
groups: air quality, water quality, land use, hazardous wastes,
and synthetic fuels. (See Appendix B for the organization chart
and Committee and subgroup rosters).

The study is presented in two parts. An overview of the envi-
ronmental considerations of oil and gas operations and petroleum
product use was published by the NPC in December 1981. These con-
siderations are discussed in more detail in this volume. The
Executive Summary and Chapters One and Eight of this volume are
from the Overview.

The Secretary concurrently requested the Council to undertake
a study of the major issues relating to the development of U.S.
Arctic oil and gas resources. The environmental assessment for the
Arctic study was critical to both study efforts and was coordinated
between both studies. The Executive Summary of the NPC's 1981
report, U.S. Arctic 0il and Gas, is contained in this report as
Appendix E. The complete report is available from the National
Petroleum Council.

It is appropriate that the Council update the petroleum
industry's environmental considerations and concerns at this time.
The climate under which the petroleum industry operates today has
changed dramatically in the 10 years since the NPC last reported on
environmental conservation:

@ The energy supply/demand balance has shifted significantly,
and there is a newly recognized need for energy security.
Achieving energy security requires that environmental
concerns be balanced against the need to develop domestic
energy supplies.



@ For the rest of this century increasing emphasis will be
placed on the development of non-oil and non-gas resources,
such as coal, nuclear, and synthetic fuels. As a result,
environmental considerations should recognize the changing
mix of energy supply.

@ The petroleum industry has made substantial progress in en-
vironmental conservation in the past decade, and the major
environmental concerns perceived in the 1970's as arising
from the industry are now vastly diminished because pollu-
tion sources are under effective control.

e Many of the environmental control strategies in place today
are based in large part on environmental legislation and
regulation written during the 1960's and 1970's. A re-
examination of these control strategies is appropriate, as
some may place unnecessary constraints on domestic energy
development.

The objectives of this report are twofold: first, to describe
current industry operations and explain the facilities and proce-
dures that are used to protect the environment; and second, to
focus attention on the specific areas of environmental law and
regulation that have directly affected the availability and cost of
petroleum products and natural gas.

It is the Council's desire to respond positively to the Secre-
tary's request. While a number of sections may appear to criticize
or condemn the key environmentally oriented laws that have been
enacted during the decade of the 1970's, many of the laws and regu-
lations discussed in the report are in large part clearly useful
and worthwhile. The Council's comments in this regard are intended
to be constructive and to express the Council's concern for the
high degree of complexity and uncertainty, and the potential for
long delays that impede the achievement of balance between the
national goals of energy development and environmental protection.



EXECUTIVE SUMMARY

FINDINGS AND CONCLUSIONS

The NPC, in responding to the Secretary's request, sought to
identify those environmental issues that will be the focus of con-
tinued debate and research in the decade of the 1980's. The NPC
also examined the impacts of the petroleum industry on the environ-
ment, and the impact of environmental legislative, regulatory, and
administrative actions that adversely affect the cost or availabil-
ity of petroleum products, natural gas, and synthetic fuels. The
findings and conclusions reached through this analysis are summa-
rized below. These issues and impacts are discussed in more detail
in the following chapters.

Significant Environmental Issues of the 1980's

The following significant environmental issues must be resolved
promptly as the nation seeks in the 1980's to balance the goals of
energy supply and security with the goals of environmental quality.

@ Access to federal lands for the purpose of resource assess-
ment and possible future development

e Delay and uncertainty caused by the complexity of regula-
tory requirements, including permitting procedures, the
number of government authorities involved, and the oppor-
tunities for legal intervention by third parties

@ Siting of energy facilities, especially production and
transportation facilities, that are determined by the
location of natural resources

@ Incorporation of scientifically acceptable techniques in
setting standards, such as National Ambient Air Quality
Standards and Water Quality Standards

@ Siting and operation of facilities for hazardous waste
management

@ The ecological and public health effects of, and the
control strategies for, the synfuels industry.

There are also a number of issues whose causes are not clearly
defined and which are affected by many factors and industries, of
which the petroleum industry is only one. These issues are: the
ecological and public health effects of, and the control strategies
for, acid rain; the COjp "greenhouse" effect; groundwater contami-
nation; and indoor air pollution.

To achieve a satisfactory resolution of these issues will re-
quire not only the full cooperation of government, industry, and



private citizen groups, but also a commitment to research activi-
ties, especially by government and industry segments, that will
quantify the impacts, clarify the issues, and determine appropriate
solutions to the problems identified.

Impacts on the Environment

As part of its effort to "determine the environmental problems
that are most serious" as requested by the Secretary of Energy, the
NPC examined impacts of the petroleum industry on the environment.
These impacts are a function of the industry's operations (explora-
tion and production; refining; and storage, transportation, and
marketing) as well as the use of its products. The NPC's findings
with respect to the industry's conventional operations and the pro-
jected synfuels industry's operations are summarized below; those
resulting from product use are discussed in Chapter Five.

Conventional 0il and Gas Operations

l. Impacts on the environment from current and projected
routine conventional petroleum industry operations are
largely known and controlled. During the past decade the
industry has made significant progress in reducing its
impacts on the environment; however, certain long-term
possible impacts on the environment are still being
investigated.

@ Petroleum industry operations emissions represent only a
small fraction of national air emissions. For example,
petroleum refining emissions represent only 0.9 percent
of the nation's carbon monoxide (CO) emissions, 0.5
percent of total suspended particulates (TSP), 2.8
percent of sulfur dioxide (S03), 1.5 percent of nitro-
gen oxide (NOg) and 3.9 percent of volatile organic
compounds (VOC). In addition, within the refining
sector, significant reductions in air emissions per
barrel of crude oil run were achieved during the last
decade; e.g., a decrease of 68 percent in CO, 50 percent
in TSP, 19 percent in SOy, and 18 percent in NOy,
with no change in VOC.

® Prevention of Significant Deterioration (PSD) require-
ments, nonattainment area restrictions, New Source
Performance Standards, and provisions for detailed pre-
construction review of all major stationary sources of
air emissions provide the regulatory framework for con-
trolling air emissions.

@ The refining industry has achieved a greater than 91
percent reduction in the discharge of conventional water
pollutants from 1967 to 1979. Additional data indicate
that nonconventional pollutants are well controlled and
that the existing Best Practicable Control Technology
treatment systems remove toxic pollutants to levels
barely detectable by the modern analytical techniques,
where they are found at all.



The National Pollutant Discharge Elimination System
(NPDES) Permit Program provides regulatory authority for
controlling discharges to receiving waters.

Current industry practices demonstrate that significant
improvements in the treatment and disposal of industry-
generated wastes have occurred.

The Resource Conservation and Recovery Act of 1976
(RCRA) provides for regulation of the disposal of
hazardous wastes.

Effects of trace toxic materials in air and water are
still being evaluated.

Past operations and practices that had caused or contri-
buted to adverse environmental impacts have been largely
replaced by improved technology and engineering.

Permitted operational discharges occasionally create
minor localized effects, but such discharges cause only
negligible overall environmental impacts.

Some long-term possible problems, such as acid rain and
the COy "greenhouse" effect, are not yet understood
well enough to determine impacts or to establish final
control strategies.

Accidental releases of o0il and hazardous substances from
conventional and routine petroleum industry operations
usually do not constitute an irreversible or serious long-
term environmental hazard.

Major oil spills are more likely to occur in the open
ocean. The dilution potential of the open sea and the
dispersion, weathering, and loss of toxic constituents,
primarily to the atmosphere, make it improbable that
oils spilled in deep-sea areas could reach bottom-
dwelling (benthic) marine life, much less in toxic
amounts. Most o0il spills, even those impacting coastal
areas, have not had serious long-term effects. Recovery
has been rapid in most situations, particularly in rela-
tion to marine productivity and populations.

Studies following the 1970 Chevron Main Pass Block 41
spill in the Gulf of Mexico, the 1977 Ekofisk oil spill
in the deeper waters of the North Sea, and even the very
large o0il discharge from the Ixtoc blowout in the Bay of
Campeche in 1979, indicate that these spills appear to
have few or no significant adverse effects in offshore
waters.

0il spills create a variety of severe short-term im-
pacts, which can affect commerce, areas of habitation,
recreation, and shorelines, particularly when spills



occur in near-shore waters. Near-shore spills and their
resulting "chocolate mousse" emulsions can create un-
sightly messes on beaches and shorelines, cause con-
spicuous casualties among sea birds, and kill benthic
organisms. Especially sensitive to short-term effects
are near-shore ecosystems such as coral islands, salt
marshes, and mangrove communities.

@ Hazardous substance spills do occur occasionally and in
some cases cause serious, but temporary, localized
effects. Very few materials on the Environmental Pro-
tection Agency (EPA) hazardous substance list are used
in the petroleum industry. These materials are handled
with care, and spills in excess of the appropriate
reportable quantity are rare. Where operational spills
do occur they are typically contained within tank dikes
or removed during wastewater treating operations so that
actual harmful releases to navigable waters are minimal.

® Gasoline leaks from service station underground tanks
and piping occur throughout the industry and have the
potential for serious harm to people, property, and the
environment.

3. Groundwater contamination can create serious local prob-
lems, and further definition of the extent and degree of
risk is required.

@ The petroleum industry is only one of many industries
that are concerned with this problem. Nationwide, the
extent and risk presented by groundwater contamination
from all sources is still being investigated. The pre-
vention and control of groundwater contamination are
regulated under the Safe Drinking Water Act and RCRA, as
well as many individual state programs.

@ Within the petroleum industry, controls are in place to
protect groundwater from the reinjection of produced
waters from exploration and production operations,
underground cavern storage of petroleum products, and
for the detection and cleanup of spills and leaks from
petroleum facilities, especially pipelines and service
stations.

Synfuels Operations

The projected synthetic fuels industry operations, when assess-
ed on a site- and process-specific basis, are not expected to pose
a major threat to the environment. This does not imply that the
potential for some long-term chronic effects or regional scale
problems has been eliminated. As the industry enters the commer-
cial development stage, more operational data, together with the
existing research and development and pilot stage information, will



be available for environmental evaluation and any necessary addi-
tional control strategies. 1In addition, many aspects of the devel-
oping synfuels industry are common to conventional technologies,
e.9g., mining and refining. Environmental effects of synfuels

development will continue to be evaluated, and areas of concern
that will receive special attention are:

1. Water Quality and Water Availability

@ Evaluation of the impact of mining activities on
aquifers

e Impact of waste disposal areas on groundwater

@ Long-term effects of leachate from in situ and modified
in situ shale o0il production

@ Water resource development and availability.
2. Air Quality

e Effect of fugitive dust.
3. Solid Wastes

® Management and disposal of large quantities of solid
wastes.

4. Land Use

e Closure, revegetation, and/or reclamation of affected
land areas.

5. Health and Product Safety

® The toxicological and ecological properties of synthe-
tic fuels, intermediates and by-products, and wastes.

6. Other

® Socio-economic impacts of synthetic fuel resource
development

@ Identification of special problems from accidental re-
leases of synthetic fuels products.

Environmental Legislative, . . and Administrative Actions
That Affect the Cost or Availability of Petroleum
Products, Natural Gas, and

The NPC also examined the impact of environmental legislative,
regulatory, and administrative actions that adversely affect the



cost or availability of petroleum products, natural gas, and syn-
The NPC's findings are summarized below.

fuels.

l.

Land Use

Past failures to adequately lease offshore government
lands have delayed resource assessment, exploratory
drilling, and production. Withdrawals and extended
classification determinations of onshore government
lands have also inhibited resource assessment and
potential development of such areas.

Coastal Zone Management consistency review results in
delays of leasing and exploration activities.

The designation of Marine Sanctuaries can prevent oil
and gas activity in or near designated sanctuaries.

The Endangered Species Act can prevent or delay develop-
ment of energy and water resources.

Air Quality

PSD increments limit allowable new growth, especially in
or near Class I areas.

Construction of modified refining and new transportation
and production facilities in nonattainment areas may be
banned if the State Implementation Plans are not ap-
proved.

There is an insufficient pool of offsets in some non-
attainment areas to meet permit requirements for new
or modified sources of emissions.

The application of Class I visibility protection cri-
teria to adjacent areas, as embodied in the integral
vista concept, can restrict resource development.

Outer Continental Shelf (OCS) air regulations pertain-
ing to attainment, and PSD increments could inhibit OCS
0il and gas development.

Lack of guidance in determination of Best Available Con-
trol Technology and Lowest Achievable Emission Rate, and
the frequent disagreement between and among federal,
state, and local agencies and the industry over the
level of controls contribute to delays in processing and
issuing permits.

Monitoring and data gathering regulatory requirements
are frequently excessive, costly, and time-consuming; in
combination, these requirements can result in lengthy
delays of new and expanded energy sources.



Modeling requirements are expensive and time-consuming,
and, more importantly, the air quality predictions are
usually conservative. They can lead to delays and cost-
ly restrictions on new and modified sources that may be
unnecessary to protect air quality or achieve environ-
mental benefits.

Automotive exhaust emission restrictions, particularly
those that prevent the use of alkyl lead compounds 1in
automotive fuels, reduce the amount of transportation
fuel that can be obtained from a given quantity of crude
oil.

Restrictions imposed by many local jurisdictions on the
sulfur content of petroleum fuels have changed supply
patterns for heavier fuels in particular and have in-
creased the price for suitable fuels in low-sulfur fuel
regions.

Guidance documents prepared by EPA, such as the Control
Techniques Guidelines, have been interpreted all too
often to be standards or regulations by the states or
EPA regions. This has frequently led to more stringent
regulations and/or permit limits on industry, with re-
sulting higher costs, than were necessary to satisfy
air quality requirements.

Water Quality

Unreasonable delays in issuance of NPDES permits for oil
and gas exploratory drilling operations in almost every
offshore area of the United States have raised compli-
ance costs and delayed efforts to find oil and gas. The
EPA's recently initiated policy on issuing general NPDES
permits could alleviate the delay problem.

Present wetlands policy has delayed issuance of dredge
and fill permits by the U.S. Army Corps of Engineers.

The EPA policy of effectively requiring state agencies
to adopt the EPA water quality criteria as state stan-
dards frequently could place unrealistic limits on
wastewater discharges from both new and existing facili-
ties. The EPA water quality criteria on some toxic pol-
lutants are based on very limited data and some criteria
are below the detection limits of current analytical
techniques.

Failure of EPA to issue petroleum refining effluent
guidelines within the deadlines set by court order and
statute has introduced uncertainty into the regulatory
process. This uncertainty exacerbates the problems
faced by refiners who need sufficient lead time to
design and install wastewater treatment equipment to



comply with the July 1, 1984, deadline, especially if
additional equipment is necessary. In addition, EPA's
proposed guidelines are overly severe and fail to
consider industry progress and performance in water
pollution control.

4, Hazardous Wastes

® Regulation of hazardous waste and waste management
facilities has not been based on the degree of hazard
presented to human health and the environment by the
specific wastes being stored. As a result, unduly
restrictive and costly measures may be required.

@ Complex technical and societal problems of siting new
hazardous waste management facilities will hamper the
nation's ability to adequately dispose of its waste.
If local sites are unavailable, transportation of haz-
ardous wastes to remote sites will be costly and may
present a greater risk to the environment.

SUMMARY OF COSTS -- PAST AND FUTURE

Costs of environmental regulations to the petroleum industry
have been in the past and will be in the future a significant com-
ponent of industry expenditures. Expenditures to protect environ-
mental quality and human health are recognized to be a necessary
cost of doing business. It is also important to recognize,
however, that environmental standards more stringent than those
necessary to protect the environment and human health impose higher
industry capital and operating costs and, ultimately, higher pro-
duct costs to the consumer. Cost is, of course, just one of the
factors in the achievement of a balance between environmental pro-
tection and energy development and security.

In part, these higher costs result from overly conservative and
protective control strategies, some of which are not based on valid
scientific studies that have been subject to peer review. The NPC
believes that a better balance is needed, and that control strate-
gies should be developed based on valid scientific studies that
have been subject to peer review.

In addition to these higher identified costs are the signifi-
cant, but difficult to quantify, "costs of delay" that result from
delays in the permitting process. The NPC believes that steps are
needed to improve the permitting process in order to facilitate
domestic o0il and gas resource development.

A recent petroleum industry expenditure survey (representing 70
percent of refining capacity) by the American Petroleum Institute
indicates that expenditures for environmental protection during the
1971-1980 period totaled $21.1 billion as spent. A 1980 Battelle
study forecasts the capital expenditures of the conventional petro-
leum industry for environmental protection (excluding the impact of

10



RCRA) to be $57 billion (constant 1979 dollars) for the 1970-1990
period, with annual operating costs of about $6 billion (constant
1979 dollars) per year in the latter half of the 1980's. For addi-
tional details and a breakdown of the expenditures, see Tables 6
through 14 in Chapter One.

In order to put these expenditures and forecasted costs in per-
spective, Table 15 of Chapter One shows the estimated incremental
environmental control expenditures for both the public and private
sectors in the United States for the 1979-1988 period, as projected
by the Council on Environmental Quality in 1980. During the 10
years from 1979 through 1988, total spending in response to the
federal environmental quality regulations is expected to reach
$518.5 billion.

The estimated breakdown of this spending by environmental
program is presented below:

@ Air -- $300 billion (58 percent)

@ Water -- $170 billion (33 percent)

@ Land Reclamation -- $15.3 billion (3 percent)

e Hazardous Waste Management -- $15.4 billion (3 percent)

e Control of Hazardous Substances -- $8.2 billion (2 percent)
® Noise Control -- $6.9 billion (1 percent).

These levels of environmental expenditures by the petroleum
industry as well as other public and private segments within the
United States evidence a continuing commitment to environmental
quality.

11
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CHAPTER ONE

GENERAL CONSIDERATIONS REGARDING ENVIRONMENTAL CONSERVATION

INTRODUCTION

Before examining the issues concerning the petroleum industry
and the environment, it is helpful to place into perspective the
future direction of the industry. The volume and components of
energy production and consumption have a direct bearing on the
nature and extent of the environmental protection mechanisms
necessary.

Some of the basic environmental laws were passed in the 1960's
and early 1970's, when the price of crude oil was extremely low and
the domestic economy and energy consumption were believed to be
continuing to expand unchecked. In addition, state and local
governments were experiencing difficulties in meeting their consti-
tuents' needs resulting from that growth. A national concern de-
veloped that state and local government entities could not properly
manage the complex responsibilities of environmental protection,
that federal protection and standards were required, and legisla-
tion to that effect was enacted.

The energy demand growth expectation was linked directly to the
expected Gross National Product (GNP) growth, with some early
1970's estimates projecting that 1985 U.S. energy consumption would
be as high as 130 quadrillion British thermal units (Btu's).
(Current estimates are on the order of 83 quadrillion Btu's or
less.) High energy consumption projections imply higher levels of
emissions.

The early 1970's energy projections were proven wrong by events
of that decade. Figure 1 compares the actual energy consumption
during the 1970-1980 period with energy demand forecasts prepared
by the National Petroleum Council (NPC) at the beginning, midpoint,
and end of the decade. The Organization of Petroleum Exporting
Countries crude oil price increases and the embargo of 1973-1974 by
the Arab member countries, together with the cutoff of Iranian
imports into the United States in December 1978 and other economic
and political events, dramatically altered the energy consumption
patterns in the United States and changed the public perception of
energy and its position in the economy.

To place the petroleum industry's future contributions to U.S.
energy supply in perspective, a brief summary of a recent supply/
demand projection through 1990 is presented. Following that
section is a history and description of the major environmental
laws concerning the oil and gas industry and a discussion of the
costs of environmental control to the petroleum industry.
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Figure 1. Comparison of Actual Energy Consumption with Projections.

NOTE: Actual data from Energy information Administration, 1980 Annual Report to Congress, Volume |l. Projected data from
National Petroleum Council, as cited.

U.S. ENERGY AND PETROLEUM SUPPLY/DEMAND PROJECTIONS

The following projections were drawn from the Low Demand Case
of the NPC's 1980 report, Refinery Flexibility. These projections
present the "adjusted average" balances of the lowest quartile
responses to a 1980 NPC survey of 35 organizations that regularly
prepare such forecasts. The NPC believes that these projections
present a representative assessment of the trend of future energy
supply/demand in this country, although many observers of the

energy situation are projecting even lower levels of U.S. energy
demand in 1990.
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I. U.S. Total Consumption

During the decade of the 1980's, U.S. energy consumption is
expected to experience a 1.5 percent annual rate of growth, while
comparable real GNP growth is expected to be 2.1 percent per year.
During the 1960's and 1970's the annual average increase in con-
sumption was 4.2 percent and 1.3 percent, respectively, with annual
average GNP growth of 3.8 percent and 3.3 percent. Total U.S.
energy consumption is expected to increase from 76.3 quadrillion
Btu's in 1980 to 88.6 quadrillion Btu's in 1990. Figure 2 and
Table 1 present these data, as well as the historical and projected
total energy consumption per dollar of real GNP.

Figure 3 and Table 2 present a comparison of U.S. energy
consumption by type of energy. O0il and gas combined are expected
to constitute a declining absolute volume, as well as a decreasing
percentage of the projected total U.S. energy consumption. Thus,
the projected consumption of o0il and gas is expected to decline by
2.4 percent in this decade, compared to the 58.3 percent increase
from 1960 to 1970 and the 6.4 percent increase from 1970 to 1980.
The percentage of o0il and gas consumption to total energy consump-
tion is also expected to decline in this decade, from 71.6 percent
of total energy consumption in 1980 to 60.1 percent in 1990.

TABLE 1

U.S. Energy Consumption and Gross National Product =-- 1960-1990%*

Total Energy Gross National Product

(Quadrillion Btu's) (Billion 1972 Dollars)
Actual 1960 Data 44.10 737
Actual 1970 Data 66.83 1,075
Actual 1980 Data 76.26 1,481
1985 Projection 82.92 1,630
1990 Projection 88.59 1,820

Annual Growth Rate (Percentage)

Actual 1960-1970 Data 4
Actual 1970-1980 Data 1.
1980-1985 Projection 1
1985-1990 Projection il
1970-1990 Projection 1

*Actual energy consumption data from Energy Information Adminis-
tration, 1980 Annual Report to Congress, Volume II. Actual Gross
National Product data from U.S. Department of Commerce, Bureau of
Economic Analysis. Projected data from National Petroleum Council,
Refinery Flexibility, 1980.
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National Petroleum Council, Refinery Flexibility, 1980. Percentages are share of total consumption in year shown.
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TABLE 2

U.s -- 1960-1990*

Actual Percentage Actual Percentage Actual Percentage Projected Percentage Projected Percentage

1960+t of Total 1970t of Total 1980+t of Total 1985+ of Total 1990+ of Total

Petroleum 20.0 45.3 29r5 44.2 34.2 44.8 34.9 42.1 33.7 38.0
Natural Gas 12.4 28.1 21.8 32.6 20.4 26.8 19.5 23.5 19.6 22.1

Subtotal 32.4 73.4 SH'e8 76.8 54.6 71.6 54.4 65.6 53.3 60.1
Coal 10.1 23.0 12.7 19.0 11557 20.6 9% 5 28" 545 24.2 27.3
Nuclear 0.0 <1 0.2 <1 2.7 3.5 5.3 6.4 7.0 7.9
Hydro and

Other 1.6 3.6 2.6 3.9 3.2 4.2 3.6 4.3 4.1 4.6

Total 44.1 100.0 66.8 100.0 76.3 100.0 82.9 100.0 88.6 100.0

*Actual data from Energy Information Administration, 1980 Annual to Volume II. Projected data from

National Petroleum Council, 1980.

tQuadrillion Btu's.



IT. U.S. Petroleum Supply

Figure 4 and Table 3 compare the supply projections of domestic
liquids production (crude oil and condensate and natural gas li-
quids) with petroleum imports to 1990. The 1980 NPC survey indi-
cated that conventional liquids production is projected to decline
sharply, from 10.2 million barrels per day (MMB/D) in 1980 to 8.5
MMB/D in 1990. Synthetic crude o0il production is projected to
increase from zero in 1980 to 0.5 MMB/D in 1990.

Total U.S. imports (crude and unfinished oils, and finished
products and natural gas liquids) are expected to increase from 6.8
MMB/D in 1980 to 7.5 MMB/D by 1990, with approximately the same
crude oil/product proportions as in 1980 -- three—-quarters crude
0il, one-quarter products.

TABLE 3

U.S. Petroleum Supply -- 1960-1990*
(Millions of Barrels Per Day)

Actual Projected
1960 1970 1980 1985 1990
Domestic Production
Crude 0il and Condensate 7.1 9.6 8.6 8.0 7.5
NGL 0.9 1.7 1.6 ile2 1.0
Syncrude Production 0.0 0.0 0.0 0.1 0.5
Subtotal 8.0 11.3  10.2 9.4 9.0
Imports
Crude and Unfinished Oils 1.0 1.3 5.2 6.0 5.7
Products and NGL 0.8 2.1 1.6 1.7 1.8
Subtotal 1.8 3.4 6.8 7.7 7.5
Processing Gain
and Stock Change 0.2 0.3 0.6 0.5 0eb
Total Petroleum Supply 10.0 15.0 17.6 17.6 17.0

*Actual data from Energy Information Administration, 1980 Annual
to Congress, Volume II. Projected data from National Petroleum
Council, Refinery Flexibility, 1980. Columns may not add due to
rounding.

III. U.S. Petroleum Demand

The projected 1990 total U.S. petroleum demand presented in
Figure 5 and Table 4 reflects the conservation of resources and the
shift in energy raw materials resulting from the political and
economic events of recent years. Total U.S. petroleum demand is
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Figure 4. U.S. Liquids Production and Petroleum Imports—1960-1990.

NOTE: Actual data from Energy Information Administration, 7980 Annual Report to Congress. Volume |l. Projected data from
National Petroleum Council, Refinery Flexibility. 1980. Percentages are share of total imports in year shown.
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Figure 5. U.S. Domestic Petroleum Demand—1960-1990.

NOTE: Actual data from Energy Information Administration. 1980 Annual Report to Congress. Volume II. Projected data from
National Petroleum Council, Refinery Flexibility. 1980. Percentages are share of total demand in year shown.

TABLE 4

Total U.S. Demand for Products =-- 1960-1990%*
(Millions of Barrels Per Day)

Actual
1960 1970 1980 1985 1990
Motor Gasoline 4.1 5.8 6.9 6.5 6.0
Jet Fuel 0.3 1.0 1.1 1.1 1.2
Distillate Fuel 0il 1.9 2.5 3.0 3.4 B 15
Residual Fuel 0il 1.6 2.2 25 2.0 1.4
Other 2.2 3.2 8.5 4.4 4.7
Total Domestic
Demand for
Products 10.0 14.7 17.0 17.4 16.8

*Actual data from Energy Information Administration, 1980 Annual
to Volume II. Projected data from National Petroleum
Council, 1980.

23



expected to remain fairly constant, although the economy as mea-
sured by the GNP is expected to grow. The demand will decrease
from its peak of 18.8 MMB/D in 1978 to 16.8 MMB/D in 1990.

The most significant decline in the outlook for future U.S.
product demand occurs in the demand for residual fuel oil, which is
expected to decrease approximately 44 percent over the next decade.
While the amount of high-sulfur residual fuel o0il as a percentage
of total residual fuel o0il demand is expected to increase by 2 per-
cent, the absolute volume is virtually half of the 1980 level.

Also, demand for middle distillates (kerosine and heating oil
No. 1, kerosine-type jet fuel, and distillate fuels) is projected
to remain essentially constant over the decade; motor gasoline
demand is expected to decrease from a high of 7.4 MMB/D in 1978 to
6.0 MMB/D in 1990, of which only 0.5 MMB/D is anticipated to be
leaded.

LEGISLATIVE AND REGULATORY CONSIDERATIONS

During the 1970's, government laws and regulations at all
levels (federal, state, and local) placed an extraordinary number
of constraints on the petroleum industry as well as on all the
basic industries in the national economy. Those key laws that have
a major impact on the petroleum industry are discussed below, as
are the principal international marine conventions to protect the
environment.

I. National

No other domestic policy challenges of recent times have been
addressed by all levels of government as forcefully, quickly, and
successfully as have the tasks of reducing the degradation of the
U.S. environment and preserving its pristine areas. Since the
NPC's 1971 report on this subject, the United States has entered
into a long-term commitment to restore and protect the quality of
the environment. Following the passage of the National Environ-
mental Policy Act of 1970 (NEPA) at the start of the decade, some
43 other major environmental laws and amendments to those laws have
been enacted, along with a number of others that are keyed to

specific problem areas. Appendix C lists those laws by year of
passage.

Beginning in the early 1970's, Congress increased the federal
authority in pollution control and environmental protection. Dur-
ing this period, Congress also began to pass laws that established
technology-based guidelines and technology-forcing provisions, in
spite of the fact that the technologies were not fully developed.
Industry was faced with the problem of equipping new and existing
industrial plants with pollution control facilities whose reli-
ability and efficiency had not yet been demonstrated.

In order to understand the breadth and complexity of the key
laws passed during the 1970's, and to achieve an appreciation of
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the interactions and multiplying effects, the following laws and
their key aspects are discussed below.

® National Environmental Policy Act

@ (Clean Air Act

® C(Clean Water Act

e Safe Drinking Water Act

® Resource Conservation and Recovery Act

e Comprehensive Environmental Response, Compensation and
Liability Act

e Endangered Species Act.

It is intended that this list be viewed without priorities in
mind -- it is simply a listing of those statutes that represent
major impacts on petroleum operations. The environmental consid-
erations sections of this report address these and other laws and
regulations specific to industry segments.

A number of key federal statutes and regulations impinge more
directly on the petroleum industry operations in Alaska and they
have been addressed in the NPC's 1981 report, U.S. Arctic 0il and
Gas. The following are of particular interest to Alaska:

@ Alaskan National Interest Lands Conservation Act

@ National Petroleum Reserve-Alaska Leasing Act

e Department of the Interior's Fiscal 1981 Appropriations Act.
A. National Environmental Act

The National Environmental Policy Act of 1970 set forth a
national policy "to encourage harmony between man and his environ-
ment, to promote efforts to prevent or eliminate damage to the
environment and promote the health and welfare of man, to encourage
a better understanding of ecological systems and natural resources
that are important to the nation, and to create a Council on
Environmental Quality."

A key element of NEPA is its action-forcing provision -- the
requirement that no major federal action affecting the environment
may be taken by a federal agency until it has analyzed the envi-
ronmental consequences of the proposed action and possible alterna-
tives. Not all federal agency actions require an environmental
impact statement (EIS). Some important actions, such as the grant-
ing of a Prevention of Significant Deterioration (PSD) permit, are
exempt from the coverage of NEPA. Agencies also have the authority
to make a finding after a brief environmental assessment that a
proposed action will have no significant impact and prepare no
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further analysis. In addition, some important petroleum industry
permits such as onshore drilling permits normally require only an
environmental assessment, even if there is no finding of signifi-
cant impact. But where no exemption applies and there is some
impact, an EIS must be prepared. Although some large projects have
been approved without an EIS, it is nearly certain that any major
energy project will involve at least one "major federal action,"
necessitating preparation of an EIS. Regardless of what triggers
the EIS, the environmental analysis must cover the entire project
and all of its impacts, not just the specific activity that may
have forced the review.

The preparation of an EIS is a time-consuming process. The EIS
must examine the environmental impact of the proposed action, ad-
verse environmental effects that cannot be mitigated, alternatives
to the proposed action, the relationship between short- and long-
term benefits and costs, and irreversible commitments of resources
associated with the proposed action. NEPA is essentially a
procedural statute; where an EIS is necessary, it must be prepared
in accord with a strict set of procedures. Early in the process,
the agency must publish a notice of intent to prepare an EIS and
invite public input to determine the scope of issues that will be
addressed. After that, a draft EIS will be prepared and made
publicly available. The agency must hold hearings on the proposal
and the draft. Comments made on the draft by any party must be
specifically addressed in the final EIS. Agency action on the
proposed permit or other action cannot be made before publication
of the final EIS and preparation of the public record of decision,
indicating the factors that lead to its final choice. 1If an agency
fails to meet the procedural requirements of NEPA, any party may go
to federal courts and obtain an injunction preventing action until
an adequate EIS has been prepared. NEPA legal suits rarely involve
the merits of the proposed project, but rather turn on the question
of whether a federal agency has met procedural requirements.

Preparation of an EIS, with its concomitant data collection and
public hearings, may take between one and two years. This delay
generally increases the project's costs. Although this activity
has been incorporated into most of the planning processes, the
delay can become critical at times and can add to the uncertainty
of certain high-risk projects.

The methodology of EIS preparation often results in an examina-
tion of worst-case scenarios and other conjectural impacts, which
may paint an unduly distorted picture of the likely hazards actual-
ly associated with the project. This can result in turning public
opinion against the project. Utilization of proper risk techniques
would provide a more balanced picture of the likely case.

B. Clean Air Act

The federal government first assumed responsibility for con-
trolling air pollution under the Air Pollution Control Act of 1955.
This Act was then amended by the Clean Air Act of 1963 and the Air
Quality Act of 1967. Further amendments were added in 1970 and
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1977. The 1970 amendments to the Clean Air Act formed the founda-
tion for the nation's present approach to air quality management by
establishing the requirement that National Ambient Air Quality
Standards (NAAQS) (designed to protect public health and welfare)
for pervasive pollutants be attained and maintained at all loca-
tions in the country. The 1970 amendments stipulated further
protection of existing air quality by requiring the use of best
available controls of pollutants at all new facilities. The PSD
policy, codified into law in 1977, requires that geographic areas
whose air quality is already better than NAAQS for a particular
pollutant shall be protected against "significant deterioration" of
that quality. Only a small increment, if any, of a NAAQS can then
be added to the atmospheric burden of the pollutant under consid-
eration in that area. The 1970 amendments also required that State
Implementation Plans (SIPs) be developed to ensure compliance with
the NAAQS and subsequently the PSD requirements. Visibility pro-
tection in large national parks, international parks, and wilder-
ness areas was provided by the 1977 amendments.

In 1971, the Environmental Protection Agency (EPA) established
NAAQS for six criteria pollutants: sulfur dioxide (SOp), total
suspended particulates (TSP), carbon monoxide (CO), nitrogen oxides
(NOg), oxidants, and non-methane hydrocarbons as an oxidant con-
trol method. Except for two changes, the initial standards have
remained unaltered: deletion of the 24-hour and annual average
secondary standards for SOj; and redesignation of the oxidant
standard to ozone [also made less stringent (0.08 to 0.12 parts per
million)]. 1In 1978, a lead standard was adopted by EPA.

The 1977 amendments to the Clean Air Act required EPA to re-
examine the NAAQS by December 31, 1980, and to re-examine each
NAAQS every five years thereafter. This ongoing review of the
NAAQS is an important activity relative to the nation's air pollu-
tion control program; any change in a standard could potentially
affect other Clean Air Act requirements since all stationary source
requirements have been designed to provide for compliance with the
standards. In this way, the NAAQS are pivotal to the specific
control strategies defined in the Clean Air Act.

EPA has responsibility for developing and promulgating the
NAAQS, and primary (health-related) standards are to be based on
current scientific knowledge concerning all identifiable health
effects associated with a pollutant (which are summarized in a
"criteria document"). Primary standards are established at a level
intended to protect even the most sensitive members of the popula-
tion and to provide, in addition, an "adequate margin of safety"
below that level. Further, all but the annual standards can be
exceeded only once per year. Therefore, the standards incorporate
several factors of conservatism. Finally, the Clean Air Act spe-
cifically omitted costs from the factors EPA must consider in
establishing the health-related standards. At present, there is
considerable debate in the scientific and regulatory communities as
to the form of the current standard-setting process and the basis
for the specific numerical standards, including the margin of safe-
ty concept. These issues are presently under scrutiny by diverse

27



groups in the public and private sectors. Setting NAAQS is one of
the key issues of the 1980's discussed in Chapter Eight.

As part of its review, EPA has reviewed the oxidant standard,
altered the level, and changed the standards to incorporate spe-
cifically only ozone as the surrogate, as mentioned above; reviewed
the CO standard; and indicated that it plans to eliminate the
hydrocarbon standard. In addition, EPA is currently revising the
criteria documents for TSP and SOj;. Changes to these standards
may result from the ongoing reviews of health effects research.

The first draft of the revised criteria document was reviewed by
the Clean Air Scientific Advisory Committee (CASAC) of EPA's Sci-
ence Advisory Board, at a public meeting in August 1980. Concern
was expressed regarding deficiencies in the scientific bases for
the TSP standard at that time. The TSP standard in its current
form is considered by some CASAC members to be inadequate for the
protection of public health and welfare, because the health effects
of particles are suspected to be directly related to their size and
chemical compositions. Neither of these properties is reflected in
the current standards, which are based solely on mass concentra-
tion. Therefore, EPA is considering separate standards relating to
sulfate particulates and inhalable particulate material. EPA has
an extensive health effects research program in progress related to
fine particulates, but major epidemiological components of the
program will require several years for completion.

The 1970 amendments to the Clean Air Act specified that all
states were to attain the primary NAAQS by May 31, 1975 (in limited
cases, an extension to July 1977 was possible); secondary standards
were to be attained within a "reasonable period of time," generally
within three years of primary NAAQS attainment. (The 1977 amend-
ments to the Clean Air Act subsequently required attainment of the
primary standards by 1982, with possible extension to 1987 for
ozone and CO). However, due to problems in achieving the NAAQS in
many areas of the country, EPA developed an Emissions Offset Policy
in December 1976, which was subsequently incorporated in Part D
(Nonattainment) of the Clean Air Act as amended in 1977. This
policy states that major new and expanded sources must offset any
projected emissions increases with even greater corresponding
reductions in emissions in the area of proposed source location.

As the United States seeks to develop domestic oil and gas sup-
plies in the next decade, various facilities subject to air quality
regulations will be developed. These developments include modifi-
cations to existing facilities and construction of new capacity in
"grassroots" or greenfield areas (generally lacking supporting
infrastructure) and at more developed sites. The specific proce-
dures or pre-construction reviews of major oil and gas facilities
are dependent upon the attainment status of the NAAQS for each
pollutant to be emitted in significant quantity by the facility.
Where the NAAQS are not being attained, the facility owner/operator
must comply with the pre-construction review procedures governing
nonattainment; where the NAAQS are being attained, the facility
owner/operator must comply with the pre-construction review proce-
dures governing PSD areas. Occasionally, a single facility will be

28



subject to both sets of pre-construction review procedures (e.g.,
where an area is designated as nonattainment for one or more
pollutants and attainment for other pollutants).

The total permit preparation and processing time for major new
and modified facilities is frequently 22 to 48 months. Of that
time, EPA averages only 8 1/2 months for its review and approval of
the permit, including public hearings, due in part to EPA's imple-
mentation of a high-priority system for energy-related projects.
Such detailed pre-construction review often results in delay and
uncertainty, which can increase the risks of capital investment and
of the ultimate viability of projects. Recent studies have indi-
cated that the pre-construction review process could be simplified,
thereby allowing significant cost and time savings in improving the
efficiency and certainty of industrial planning and development.d
In the case of the o0il and gas industries, improvement of the pre-
construction review process is critical as efforts to develop and
produce energy intensify in this decade.

1. Prevention of Significant Deterioration

The national goal to preserve air quality in less polluted
regions (i.e., prevent significant deterioration of air quality)
was explicitly codified into Part C of the Clean Air Act in August
1977. The stated purposes of the PSD policy are to preserve the
special air quality characteristics of national parks and other
identified areas, and to allow moderate growth of well-controlled
facilities at suitable locations in other clean air areas. To meet
this goal, the PSD rules establish emission control and siting
requirements on all new and expanded major emitting facilities in
clean air areas. These rules can limit the size of individual
plants as well as the total number of sites potentially suitable
for industrial development. Three classes of clean air areas have
been established and maximum increases of SO and TSP concentra-
tions have been specified for each area. These incremental values
(expressed in micrograms per cubic meter) are small percentages of
the related NAAQS for each pollutant. Control of air pollution
through the PSD policy, therefore, by definition goes well beyond
the control levels needed to protect public health.

PSD in the past has created substantial technical and adminis-
trative uncertainties and delays in major plant construction in the
country. A serious case is its potential impact on energy resource
development in the West, if the allowable increments are fully
utilized.

The PSD provisions of the 1977 amendments introduced:

@ Formal designation of attainment (PSD) areas.

® More stringent PSD increments for SOj and TSP (than EPA's
1974 regulations) in Class II and III areas.

e Mandatory designation of Class I areas for the following
areas in existence as of August 7, 1977: international
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parks, national wilderness areas, and memorial parks larger
than 5,000 acres; and national parks larger than 6,000
acres. There are 158 Class I areas nationwide.

e Expansion of the number of source categories subject to PSD
pre-construction review from 19 to 28. Petroleum refineries
and fuel conversion plants are two of the 28 specified
source categories.

@ A "two-tier" system, which was established for PSD pre-
construction review. Major new and modified stationary
sources within the 28 specified categories are subject to
PSD review if they have the potential to emit 100 tons or
more per year of any pollutant regulated under the Clean Air
Act. The emission threshhold for stationary sources other
than the 28 specified is 250 tons per year.

@ Increased application of Best Available Control Technology
(BACT) to all pollutants regulated under the Act. 1In
addition, BACT is to be determined on a case-by-case
basis and must be at least as stringent as the applicable
New Source Performance Standards (NSPS).

® More sophisticated modeling and monitoring requirements to
demonstrate compliance with the increments (and ambient
standards).

@ Specific air quality and meteorological monitoring require-
ments were added to the PSD review process.

® Requirements for additional analysis of impacts associated
with a proposed new source or modification of air quality
related values were added.

@ Additional PSD provisions, which were to be developed by
August 7, 1979, for the other criteria pollutants. PSD
rules for lead were to be promulgated by October 5, 1980.

On June 19, 1978, EPA promulgated regulations, issued in two
parts, to implement the PSD program established by the 1977
amendments. The 1978 PSD regulations were challenged by both
industry and environmental groups in Alabama Power vs. Costle,
heard by the U.S. Court of Appeals for the District of Columbia
Circuit. On June 18, 1979, the federal court released a prelimi-
nary decision and entertained petitions for reconsideration of some
issues. Meanwhile, to expedite the regulatory process governing
pre-construction review, EPA responded to the court's initial
decisions with proposed major amendments to the PSD regulations on
September 5, 1979. On December 14, 1979, the court issued its
final opinion, but stayed the effect of the decision pending EPA's
program for final implementation of its mandate. As a result of
the court's opinion, the final PSD regulations were ultimately
promulgated by EPA on August 7, 1980.
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2. Nonattainment

Part D of the Clean Air Act, as amended in 1977, establishes
specific provisions to permit limited industrial growth in areas of
the country designated as nonattainment, in order to foster simul-
taneous improvement in air quality. A nonattainment area is a
bounded region in which air quality levels do not comply with the
NAAQS for one or more pollutants based on valid monitoring data
and/or air quality modeling results. On March 3, 1978, EPA pub-
lished its first list delineating the attainment status of areas
throughout the country. This list is updated (usually at the
state's initiative), as the air quality in each area improves,
degrades, or the designation is changed by new data.

Under the Clean Air Act, states were required to revise their
SIPs by January 1, 1979 (with EPA review to be completed by July 1,
1979), to include detailed strategies for bringing nonattainment
areas into compliance by December 31, 1982 (the attainment date was
extended to 1987 in limited cases). The Act further authorizes EPA
to impose no-growth sanctions in areas of states or territories for
which there is no approved SIP. As of May 1981, a total of 31
states and one territory had no approved SIP for at least one
pollutant. To date, EPA has imposed moratoriums on construction of
major new or modified facilities in portions of over 30 states and
several major source permits have been delayed.

Major new and modified sources proposed for location in non-
attainment areas or having an impact on nearby nonattainment areas
are subject to the requirements listed below:

® Lowest Achievable Emission Rate

@ SIP compliance or an approved plan for compliance of all
sources owned by the applicant within the state

@ Offsets greater than one to one
e Positive net air quality benefit.

The complexity of these requirements adds to the time, cost,
and uncertainty of obtaining the necessary permits. The availa-
bility of satisfactory offsets might become critical in facilities
and areas that are already heavily controlled in attempts to meet
NAAQS. Collectively, these may cause viable energy projects to be
cancelled while still in the planning stage.

3. Future Amendments to the Clean Air Act

Modification of the PSD and nonattainment provisions of the
Clean Air Act may result from Congressional review pursuant to
reauthorization of the Act. Many industry groups, environmental
organizations, and local, state, and federal government entities
have prepared proposals for Congressional consideration. While
there is great diversity in these proposals, there is wide support
for simplifying the permit review process.
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The NPC believes that modifications to the Clean Air Act could
alleviate some of the problems inherent in the existing PSD and
nonattainment permit review requirements and could improve the
certainty and efficiency of the planning and development processes
for new and expanded sources in the petroleum industry. The
following issues should be considered in any future amendments to

the Clean Air Act:

@ Setting of NAAQS based on valid scientific studies subject
to peer review

@ PSD increments, including disposition of Class II and III
increments

@ Emissions offset requirements in nonattainment areas

@ Pre-construction permit process

@ Scope of visibility protection requirements

@ Use of cost-effectiveness and/or cost-benefit analyses as
the basis for specific legislative provisions and imple-
menting regulations

@ Federal sanctions 1n nonattainment areas.

C. Clean Wauv«r Act

The 1972 amendment to the Federal Water Pollution Control Act
expanded an existing federal role in water pollution control. It
expanded water quality standard programs initiated in 1965 and
extended the national program to all navigable waters in the United
States. It created a system of uniform national technology-based
effluent limitations, or more stringent limitations if required, to
meet water quality standards. It instituted a national permit
system for all point source discharges, and specific deadlines were
established for achieving those effluent limitations based on
designated control technologies. Two general goals were pro-
claimed: to achieve, wherever possible, by July 1, 1983, water
that is clean enough for swimming and other recreational uses, and
clean enough for the protection and propagation of fish, shellfish,
and wildlife; and by 1985, to have no discharge of pollutants into
the nation's waters.

The Clean Water Act Amendments of 1977 made major mid-course
corrections to the 1972 law and incorporated many of the provisions
of a previous court settlement on toxics control, adding new em-
phasis to the control of the discharge of toxic pollutants. It
divided pollutants into three classes -- conventional, nonconven-
tional, and toxic -- and different discharge requirements were
established for each class. Additional pretreatment requirements
were established for discharges to municipal sewage treatment
systems and EPA was authorized to control the runoff of toxic and
hazardous materials from industrial sites through Best Management
Practices.
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The 1978 amendments to the Clean Water Act specifically revised
provisions dealing with Section 311 discharges of o0il and hazardous
substances. These issues included the determination of harmful
quantities, penalties, and exclusion for hazardous substance dis-
charges regulated under National Pollutant Discharge Elimination
System (NPDES) permits.

The four principal sections of the Act that have direct impact
on the petroleum industry are: Section 402, National Pollutant
Discharge Elimination System; Section 404, permits for dredge or
fill material; Section 311, o0il and hazardous substances liability;
and Section 401, governing state certification of federal permits
for discharges originating in state waters.

1. NPDES Permits

The Clean Water Act prohibits the discharge of any pollutants,
except as authorized by an NPDES (or other) permit. Each NPDES
permit required compliance with effluent limitations by July 1,
1977, reflecting the Best Practicable Control Technology Currently
Available. By July 1, 1984, NPDES permit effluent limitations
further require application of the Best Available Technology
Economically Achievable (BAT) for toxic and nonconventional pollu-
tants and the Best Conventional Pollutant Control Technology for
conventional pollutants. The Clean Water Act provides for waivers
from BAT for nonconventional pollutants in some cases. New sources
are required to comply with NSPS, which reflect the greatest degree
of effluent reduction achievable through application of Best Avail-
able Demonstrated Control Technology, processes, operating methods,
and other alternatives including, where practicable, a standard
permitting no discharge of pollutants.

2. U.S. Corps of Engineers Permits

Section 404 permits are issued by the U.S. Army Corps of
Engineers for the discharge of dredge or fill material into the
navigable waters. Guidelines for permit issuance are developed by
EPA based upon criteria comparable to the criteria applicable to
the territorial seas and oceans. EPA, a state, or an adjacent
state may add stipulations to the Section 404 permit or prohibit
its issuance. EPA may withdraw the permit for a disposal site for
dredge or fill material whenever it determines, after a public
hearing, that the discharges will have an unacceptable adverse
effect on the receiving waters. To understand the real signifi-
cance of expanded review authority of the Corps of Engineers for
such permits, one must look at the related legislation that impacts
on the permitting decisions of the Corps.

@ Section 401 of the Clean Water Act requires certification
from the state in which the discharge originates that the
discharge will comply with the applicable effluent limita-
tion and water quality standards.

@ Section 307 of the Coastal Zone Management Act requires an
applicant to furnish a certification that the proposed
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activity will comply with the state's Coastal Zone Manage-
ment program. No permit will be issued until the state has
concurred with the applicant's certification.

Section 302 of the Marine Protection, Research and Sanctu-
aries Act authorizes the designation of marine sanctuaries.
Activities in the sanctuaries authorized by the Corps of
Engineers are valid only if the Secretary of Commerce
certifies that the activities are consistent with the
purposes of the Act and can be carried out within the
regulations for the specific sanctuaries.

NEPA may require an EIS when several Corps of Engineers
permits are issued in one specific area. An EIS may also be
required by an application for a permit that results in a
major federal action in the opinion of the Corps.

The Fish and Wildlife Act requires that before the Corps of
Engineers issues any permit that proposes to control or
modify any body of water, the Corps must first consult the
U.S. Fish and Wildlife Service, the National Marine Fishery
Service, as appropriate, and the head of the appropriate
state agency exercising administration over the wildlife
resources of the affected state.

The National Historical Preservation Act authorizes that
its advisory council review activities licensed by the
Corps that will have an effect upon properties listed in the

National Register of Historical Places or eligible for such
listing.

The Preservation of Historical and Archaeological Data Act
provides that the Corps of Engineers may delay granting a
permit if the permitted activity would alter any terrain
such that significant historical or archaeological data are
threatened, until the Secretary of the Interior takes action
necessary to recover and preserve the data.

The Endangered Species Act provides that the Corps of
Engineers must utilize its authorities by carrying out
programs for the conservation of endangered or threatened
species and by taking such action as is necessary to ensure
that any action authorized by the Corps will not jeopardize
the continued existence of such species or result in the
destruction or adverse modification of the habitat of such
species.

The Marine Mammal Protection Act of 1972 imposes a perpetual
moratorium on harassment of marine mammals and has the
potential for preventing the issuance of a Corps permit.

The Wild and Scenic Rivers Act provides that the Corps of
Engineers shall not assist by permit or otherwise in the
construction of any water resources project that would have
a direct and adverse effect on the values for which a river
was designated a wild and scenic river.
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@ In addition to all of these, where an application affects
wetlands, the District Engineer of the Corps may undertake
reviews of particular wetland areas in consultation with the
appropriate regional director of the Fish and Wildlife
Service, the National Marine Fishery Service, the National
Oceanic and Atmospheric Administration, the Regional
Administrator of EPA, local representatives of the Soil
Conservation Service of the Department of Agriculture, and
the head of the appropriate state agency to assess the
cumulative effect of activities in such areas.

3. 0il and Hazardous Substance Spills

The Clean Water Act prohibits the discharge of o0il or hazardous
substances, in quantities that may be harmful, into or upon the
navigable waters of the United States. A new National Contingency
Plan is required for the removal of oil and hazardous substances
and is now expected to be published in 1982. This plan will assign
duties and responsibilities among federal departments and agencies
in coordination with state and local agencies. Regulations are
specified to cover methods of procedures for prevention of spills
as well as of removal of any accidental discharges. Spillage of
any designated material that may be harmful must be immediately
reported to the National Response Center.

4, State Certification

The Clean Water Act also requires that NPDES permits contain
conditions that ensure compliance with applicable state water
quality standards or limitations. Under another section of the
Act, EPA may not issue an NPDES permit until the state in which the
discharge will originate grants or waives certification to ensure
compliance with appropriate requirements of the Clean Water Act and
state law. These stipulations frequently result in conflicts
between the federal agency and the state agency with a resultant
delay in the issuance of the final NPDES permit and the approval to
construct a new facility or modify an existing facility with the
necessary pollution control.

D. Safe Drinking Water Act

The Safe Drinking Water Act directs the establishment of two
major regulatory programs. One program relates to public water
systems and requires that EPA establish national primary and
secondary drinking water standards for public water systems. This
statute directs the primary enforcement responsibility to the
states to ensure that public water systems comply with the national
standards. The other program, which has the larger impact on the
0il and gas industries, relates to underground sources of drinking
water, and it requires that EPA publish regulations for state
underground injection control (UIC) programs. The UIC programs
regulate the re-injection of produced waters from exploration and
production operations, underground cavern storage of petroleum
products, and underground injection of hazardous wastes. These
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regulations must establish minimum requirements for effective
programs to prevent underground injection that endangers drinking
water sources. These regulations are in addition to the require-
ments set by state regulatory agencies. 0il and gas producing
states have developed and implemented very effective UIC
regulations.

E. Resource Conservation and Act

The Resource Conservation and Recovery Act of 1976 (RCRA)
provides a comprehensive program for the regulation of wastes. It
greatly expands the role of the federal government in the field of
waste disposal, with particular emphasis on the regulation of
hazardous waste and resource recovery. The program is to be
achieved through implementation of several programs: the estab-
lishment of a hazardous waste control program; a solid waste
management program in each state, together with a prohibition on
the practice of open dumping; and the encouragement, through
federal aid, of state and regional waste management planning.

The statute allows states to apply to EPA for authorization to
administer the hazardous waste program. EPA has issued regulations
and has established minimum requirements for state hazardous waste
programs in order to receive EPA approval.

Of particular interest to the petroleum industry is the regula-
tion, from generation to final disposal, of hazardous wastes. EPA
has promulgated regulations defining hazardous wastes, setting
requirements for generators and transporters, and setting interim
status standards for existing facilities that treat, store, and
dispose of hazardous wastes. Final standards for hazardous waste
management facilities are still being developed. The petroleum
industry is affected primarily by the broad classification of
hazardous wastes identified by EPA, which fails to distinguish be-
tween wastes that pose a lesser degree of hazard and such extremely
hazardous materials as Kepone or dioxin. This classification sys-
tem will result in secure disposal sites being used for waste with
a low degree of hazard, thereby increasing the shortfall of needed
capacity to dispose of truly hazardous waste.

An important question, primarily because of the potential
financial impact on the industry, is whether EPA will determine
that wastes associated with the drilling and producing sector of
the petroleum industry should be covered by RCRA regulations. At
the present time, wastes associated with petroleum and natural gas
drilling and production are excluded from the definition of hazard-
ous wastes. EPA does not anticipate completing the necessary
research work in this area and the possible regulations until at
least 1985. Compliance with the regulations proposed in December
1978 could have resulted in increased capital costs to the oil and
gas drilling industry of $31 billion (in mid-1978 dollars) as well
as increased annual direct operating and maintenance costs of $3.3
billion.3

In light of the concern that is expressed by the public and the
difficulty in satisfying the EPA criteria for hazardous waste
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disposal sites, a great deal of difficulty is envisioned in the
siting of hazardous waste disposal facilities and the subsequent
operation of those facilities. The potential lack of facilities,
especially in proximity to those facilities that generate most of
the hazardous wastes, can lead only to very high transportation and
administration costs.

One approach to the solution of the potential lack of disposal
facilities is legislation to establish and control such facilities
in a manner similar to that of public trusts. Private or publicly
owned hazardous waste disposal corporations would be encouraged by
appropriate federal and state legislation to establish and operate
disposal sites on properly designated lands. Proper schedules of
charges for disposal, together with a regulated profit margin would
be authorized. Proper compliance with construction, operation,
maintenance, recordkeeping, and closure standards would be assured
under terms of the site contract as well as regulatory provisions
in the enabling legislation. After final closure, the land would
revert to the federal and/or state government for stabilization and
containment of the waste in perpetuity. Such an organization could
assure the nation that hazardous wastes would be handled safely and
in compliance with all applicable control requirements.

F. The Comprehensive Environmental Response, Compensation
and Act

The Comprehensive Environmental Response, Compensation and
Liability Act of 1980, or "Superfund," establishes a federal fund
to finance government action to prevent threatened releases of
hazardous substances or to remedy the effects of past releases of
such substances. It provides for strict liability on the part of
owners and operators of vessels and waste disposal sites for the
release of hazardous materials into the environment. Through
imposition of an excise tax on crude o0il, petroleum products, and
42 basic industrial chemicals, a $1.6 billion fund will be estab-
lished to enable the government to pay cleanup costs resulting from
releases of hazardous substances into the environment when the
culpable party is unknown or unable to pay. The reporting require-
ments under the Act are expected to reveal the existence of hazard-
ous waste disposal sites that are not regulated, i.e., not active
under RCRA. Serious liability consequences may result to companies
that are subsequently found to have used sites that are creating a
danger to human health or the environment.

The ultimate effects of Superfund are somewhat less predictable
for the petroleum industry than for some other industries at this
point. The "deep pocket" approach, under which enforcement is
pressed against the party most likely to be able to pay, regardless
of the extent of culpability, could place an extreme liability on
financially solvent generators of hazardous wastes. Such genera-
tors are assumed to bear a liability for correcting disposal site
problems even though their only connection with the disposal opera-
tion is their contribution of wastes for disposal. The total im-
pact of Superfund on the petroleum industry cannot be determined
until the regulatory program is completed.
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G. The Endangered Species Act

The Endangered Species Act mandates affirmative action to
preserve endangered and threatened species. It declares that there
is a public responsibility to prevent the extinction of species of
fish, wildlife, or plants that would occur as a consequence of
economic growth or development; and it encourages the states,
through federal financial incentives, to develop and maintain con-
servation programs that work to meet this goal. It further pro-
vides that an entire ecosystem of a threatened species may be
conserved, and declares that it is the policy of Congress that all
federal departments and agencies shall seek to conserve endangered
species and use their authorities in furtherance of the Act.

This law presents barriers to petroleum industry development
because it is written in general language, providing the Executive
Branch regulators with significant new powers but little or no
operational guidance. The impact of the program has grown signifi-
cantly in recent years. The entire ecosystem of an endangered
species may encompass a vast amount of acreage or ocean that would
be placed off limits to natural resource development. The list of
endangered domestic flora and fauna contains approximately 300
species.

II. International Marine

Nations have a great interest in promoting a satisfactory
quality of international waters both of the high seas and of
international basin drainage systems. Pollution of the high seas
endangers the quality and resources of the territorial waters of
coastal nations and, of course, the shores as well.

A. Intergovernmental Maritime Consultative Organization

To serve as the institutional mechanism for establishing world-
wide vessel standards, the Intergovernmental Maritime Consultative
Organization (IMCO) was founded in 1959 under the auspices of the
United Nations. Since its inception, IMCO has been primarily a
maritime-nation agency dealing with technical maritime problems.
The costs of IMCO administration are divided among the maritime
nations according to the tonnage of vessels flying each nation's
flag. Non-maritime nations have a standing invitation to attend
IMCO meetings, but few have done so and their voting power has not
been substantial.

The following international conventions developed by or under
the jurisdiction of IMCO relate to vessel safety and pollution
prevention:

@ International Convention for Safety of Life at Sea (SOLAS),
1960 and 1974 (general life-saving requirements for
vessels).

@ International Convention on Load Lines, 1966 (established
load limits).
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@ International Regulation for Preventing Collisions at Sea,
1971 (voluntary rules of the road).

@ International Convention for the Prevention of Pollution of
the Sea by 0il, 1954 (operation discharge standards and
prohibited discharge zones), amended 1962, 1969, and 1971.
All amendments except 1971 are in force.

@ International Convention Relating to Intervention on the
High Seas in Cases of 0il Pollution, 1971 (rights of a
coastal nation to protect itself from a disabled vessel
carrying oil).

@ International Convention on Civil Liability for 0il
Pollution Damage, 1969 (sets strict liability with limits
for shipowners in cases of oil pollution).

e Convention on the Establishment of an International Fund for
Compensation for 0Oil Pollution Damage, 1971 (creates an
international fund to cover oil pollution damages beyond the
liability of the shipowner).

@ International Convention for the Prevention of Pollution
From Ships, 1973 -- referred to as MARPOL 1973 (new dis-
charge and construction standard treaty for all polluting
substances designed to substitute for the 1954 Convention --
not yet enforced).

e Tanker Safety and Pollution Prevention Convention of
February 1978 -- referred to as MARPOL 1978 (requires
segregated ballast tanks, dedicated clean ballast tanks, or
crude o0il washing equipment on existing and new vessels --
not yet enforced).

@ Standards of Training, Certification and Watchkeeping for
Seafarers, 1978 (national licensing programs, and improve-
ments in training, qualification, and certification for
tanker personnel -- not yet enforced).

The status of IMCO-related international conventions is shown in
Table 5.

International efforts to strictly control vessel-source pollu-
tion were actually initiated at the behest of the United States. A
conference on the subject convened in 1926 in Washington, D.C., but
a U.S. proposal for a total prohibition of o0il discharges from
ships was defeated two to one. It was not until 1954 that a con-
vention was finally concluded -- but without a discharge ban.
International discharges were merely limited and enforcement was to
be carried out by the flag-nation, using penalties it determined
appropriate. Nations other than the flag-nation could inspect the
vessel's o0il record book (mandated by the 1954 Convention) only
when it called at their ports and, if discrepancies were discov-
ered, they would have to request the flag-nation to take enforce-
ment action.
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TABLE 5

Status of IMCO-Related International Conventions

Convention

Safety of Life at Sea (SOLAS), 1960
Amendments:
1966 (Fire safety)
1967 (Fire safety/radio)
1968 (Navigation/equipment)
1969 (Equipment, surveys, and radio)
1971 (Radios and routing)
1973 (Editorial)
1973 (Grain)

Safety of Life at Sea (SOLAS), 1974
1978 Protocol (TSPP)

Collision Regulations, 1972

0il Pollution, 1954
Amendments:
1962 (Rewrite)
1969 (Eliminates prohibited zones,
allows limited discharge)
1971 (Tanker tank size)
1971 (Great Barrier Reef)

International Pollution from Ships
(MARPOL), 1973
1978 Protocol (includes modified
text of 1973 convention)

Load Line, 1966
1975 Amendments
Tonnage Measurement, 1969
Intervention, 1969 (High seas,
0il pollution casualties)
Civil Liability, 1969
Compensation Fund, 1973
Safe Containers (Geneva, 1972)
Search and Rescue Convention, 1979
Intervention, 1973 (High seas,
other than oil)
Ocean Dumping (London, 1972)
non-IMCO
Standards of Training, Certification,
and Watchkeeping, 1978
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Date of U.S.
Ratification

04-07-67
06-10-68
11-22-72
11=22=72
11-16-73
02-03-76
02-03-76

09-07-78
08-12-80

11-23-76

09-21-66

10-17-73

08-12-80

11-17-66

08-12-80

02-21-74

01-03-78

08-12-80

09-07-78

04-24-74

Date In Force
Internationally

1965

05-25-80
05-01-81

1977
1958
1967

1978

1968
07-18-82

1975
06-19-75

10-16-78
09-06-77

1975



The discharge standards and prohibited zones were made more
stringent in 1962. The 1969 amendments did away with zones
altogether and limited the rate of discharge of o0il even further.
But the discharge standards adopted would still permit a 300,000
deadweight ton (DWT) tanker to discharge a maximum of 20 tons
during the course of any one ballast voyage at a rate not to exceed
80 liters per mile.

The 1971 amendments to the 1954 Convention are more signifi-
cant. For the first time, construction standards were developed to
prevent or minimize oil outflow in the event of an accident. These
requirements restrict cargo tank size as a means of limiting maxi-
mum o0il outflow resulting from a tanker collision or grounding.

The 1954 Convention and amendments were subsequently superseded by
MARPOL 1973 and MARPOL 1978.

MARPOL 1973 was developed in London in November 1973, and
represented the most comprehensive treaty on the subject to that
time. Included were measures to control more pollutants than ever
before and emphasis was put on prevention rather than cleanup and
other post-accident measures. Briefly, the new treaty included the
following salient features:

® Regulation of ship discharges of oil, various liquid
substances, and harmful package goods

@ Control, for the first time, of tankers carrying refined
products

@ Requirements for segregated ballast for all tankers over
70,000 DWT contracted for after December 31, 1975 (but does
not require double bottoms)

@ Prohibition of all oil discharges within 50 miles of land
(as did the 1969 amendment)

e Mandate for all tankers to operate with the load-on-top
system, if capable

@ Reduction of maximum permissible discharge for new tankers
from 1/15,000 to 1/30,000 of cargo capacity (Note: no total
discharge prohibition)

® Regulation of the carriage of 353 noxious liquid substances
with requirements ranging from reception facilities to
dilution prior to discharge

@ Control of harmful package goods in terms of packaging,
labeling, stowage, and quantity limitations

@ Prohibition of discharge of sewage within four miles of land
unless the ship has an approved treatment plant in opera-
tion, and from 4 to 12 miles unless the sewage is macerated
and disinfected.?4
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In the area of enforcement, the international legal status quo
was modified to some degree. The flag-nation must punish ship
owners for all violations. A coastal nation has the right (as well
as the duty) to punish the owner of a foreign-flag vessel for
violations occurring in its waters or to refer the violation to the
flag-nation for prosecution. Nations that ratify the treaty must
apply its terms to all vessels, including those flying flags of
nations that do not sign the treaty, in order to prevent vessels of
nonsignatory nations from gaining competitive advantage. To settle
any disputes, compulsory arbitration is a treaty requirement.

On the question of standard-setting authority, a provision was
defeated that would have made the treaty provisions exclusive on
subjects it addressed. Consequently, there are no treaty re-
strictions on the right of coastal nations to set more stringent
requirements within their jurisdictional waters.

The MARPOL 1973 Convention must be ratified by at least 15 na-
tions that, among them, represent at least 50 percent of the total
tonnage in the world fleet. Since previous conventions required
ratification by 32 nations, this represents a significant easing of
the ratification process.

In mid-December 1976, the Argo Merchant ran aground and broke
up near Nantucket, Massachusetts. 1In a little over three months
there were 14 more tanker-related incidents off U.S. coasts. Of
these, almost two-thirds were serious. Following these accidents,
the President warned the world maritime community that the United
States intended to ensure that the events of the winter of 1976-
1977 would not re-occur. The Administration suggested that the
United States would take unilateral action if necessary, but that
it would prefer to join the international shipping community in
improving tanker regulations and existing pollution prevention
measures. In response to the President's initiatives, the Tanker
Safety and Pollution Prevention Conference was convened in February
1978. The outcome of this IMCO conference was the adoption of
amendments to SOLAS 1974 and MARPOL 1973. Because procedural
constraints do not permit amendments to conventions that are not in
force and neither SOLAS 1974 nor MARPOL 1973 had been ratified by
the requisite number of states at the date of the convention, the
conference results became "protocols" to these two conventions.

The new requirements are as follows:

@ SOLAS Protocol 1978

Improved inspection and certification procedures for all
ships.

Inert gas systems for all new tankers of 20,000 DWT and
over and existing tankers of 40,000 DWT or more.

Second radar on all ships over 10,000 gross registered

tons (GRT). IMCO was obligated to prepare a performance
specification for collision avoidance aids.
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- Improved emergency steering gear requiring two indepen-
dent steering control systems for all tankers 10,000 GRT
or more.

® MARPOL Protocol 1978

Protective location of segregated ballast tanks in the
side and bottom shell areas for new tankers

Clean ballast tanks as an alternative to segregated bal-
last on product tankers by using dedicated cargo tanks
only for clean ballast water

Crude o0il washing for tankers of 20,000 DWT and over and
as an alternative to segregated ballast for existing
crude oil tankers of 40,000 DWT or more.

MARPOL 1973 and its 1978 Protocol are not yet in force; however,
SOLAS 1974 has been in force since May 1980 and its 1978 Protocol
came into force on May 1, 1981,

Recognizing the importance of the human element in mitigating
pollution incidents on the seas, IMCO called a conference that
resulted in an International Convention on Standards of Training,
Certification and Watchkeeping for Seafarers, 1978. This confer-
ence was the first ever called to establish international standards
for ships' officers and crews. Specifically, the Convention pro-
vides for the submission of national licensing programs and the
exchange of data among parties, and it provides for the training,
qualification, and certification of tanker personnel.

COSTS OF ENVIRONMENTAL CONTROLS TO THE PETROLEUM INDUSTRY
I. The Past

The Secretary of Energy requested of the NPC information on the
impact of environmental controls on the cost of petroleum products
and natural gas. The American Petroleum Institute's (API) Annual
Expenditure Survey describes and documents the cost to U.S.
petroleum companies, representing 70 percent of U.S. refining
capacity.5 These costs are reported as spent and have not been
extrapolated to include the nonreporting companies. The annual
report shows the specific costs for the current 1l0-year period with
a variety of parameters: total expenditures; capital expenditures;
administrative, operating, and maintenance expenditures; and
research and development expenditures for each year. The details
of those expenditures are broadened to identify the costs for air,
water, and land and other, as well as for the industry operating
segments: exploration and production, transportation, marketing,
and refining. These costs include only firmly identified expendi-
tures and do not include costs of delays or lost opportunities
resulting from environmental regulations.
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Specific details of the latest survey are provided in Tables 6,
7, 8, 9, and 10. Figures 6, 7, and 8 show some very interesting
trends in expenditures, especially the dramatic increase in operat-
ing expenditures when compared with capital expenditures. This
increase is due in part to the large increase in the cost of energy
to operate the control equipment and the process units to make
environmentally acceptable products, as well as the increased
effort to operate and maintain the new pollution control devices.
By 1979, the total expenditures for the l0-year period for capital
and operating expenses were essentially the same, approximately
$8.5 billion each. By 1980, the total 10-year operating expendi-
tures exceeded the capital expenditures by almost $1.1 billion and
that trend is predicted to continue.

II. The Future

During the 1970's, Battelle Columbus Laboratories analyzed the
cost of environmental regulations to the U.S. domestic petroleum
industry.6 The 1980 report conducted during the 1978-1979 period
not only included the cost of controlling pollution in production,
refining, transportation, and marketing, but also added the cost of
providing products that met the specifications set by environmental
regulations.

The Battelle report estimates costs for the entire petroleum
industry and presents its results in terms of constant 1979
dollars. These costs are different from the API-reported costs.

The analysis developed both capital and operating costs and
from these developed an annualized cost using a 12.5 percent return
after taxes. Two cost scenarios were developed -- an anticipated
case, which assumes moderate regulatory severity, and a restrictive
case, which assumes a severe one. This report will use the antici-
pated case where regulations are in place or nearly so and the re-
strictive scenario only in the case of those regulations resulting
from RCRA.

The cumulative capital investment by 1990 is $57 billion (con-
stant 1979 dollars, excluding RCRA requirements) in the anticipated
case. The annual capital cost for 1990 is $2 billion; of particu-
lar interest is the fact that the increased energy required in 1990
for the facilities represented by these expenditures is equivalent
to approximately 450,000 barrels of oil per day.

The most costly potential regulations are those related to
RCRA, which amount to an annualized cost of $44 billion in 1990
using a strict interpretation of regulations announced at the time
of the study. Because of uncertainties in regulations to be
proposed and legislation being considered at the time, it was
impossible then and now to properly evaluate the impact. It is now
anticipated that EPA's approach will be moderated to a large degree
so that this is an exaggerated case in the short term.
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SOURCE:

1971

$571
415
101
$1,087

$391
224
57
$672

$143
185
41
$369

$37
6
)
$46

TABLE 6

of Environmental of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1972 1973 1974 1975 1976 1977 1978 1979 1980
Total Expenditures (Table 7)
$550 $737 $932 $1,039 $1,216 $1,188 $1,349 $1,616 $2,184
379 402 530 629 822 950 884 1,001 1,299
91 100 150 456 336 383 194 203 357
$1,020 $1,239 $1,612 $2,124 $2,374 $2,521 $2,427 $2,820 $3,840
Capital Expenditures (Table 8)
$305 $436 SI527 $601 $536 $339 $429 $561 $728
184 194 271 356 411 434 340 394 527
541 52 97 396 269 184 89 92 183
$540 $682 $895 $1,353 $1,216 $957 $858 $1,047 $1,438
Administrative, Operating, and Maintenance Expenditures (Table 9)

$198 $251 $352 $389 $635 $792 $864 $997 $1,392
187 201 249 262 401 502 532 594 754
37 43 50 55 63 197 101 106 165
$422 $495 $651 $706 $1,099 $1,491 $1,497 $1,697 $2,311

Research and Development Expenditures (Table 10)

$47 $50 $53 $49 $45 $57 $56 $58 $64
8 7 10 11 10 14 12 13 18
3 5 3 ) 4 2 4 ;] ;)
$58 $62 $66 $65 $59 $73 $72 $76 $91
. of the United States Petroleum _ 1981.

American Petroleum Institute, Environmental .

Total
1971-1980

$11,382
7,311
2,371
$21,064

$4,853
3,335
1,470
$9,658

$6,013
3,867
858
$10,738

$516
109
43
$668
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Administrative, Operating,
and Maintenance

Research and Development
Total

Water

Capital

Administrative, Operating,
and Maintenance

Research and Development
Total

Land and Other

Capital

Administrative, Operating,
and Maintenance

Research and Development
Total

Air, Water, Land and Other

Capital

Administrative, Operating,
and Maintenance

Research and Development
Total

SOURCE: American Petroleum Institute,

TABLE 7

Total Environmental of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
$391 $305 $436 SIS $601 $536 $339 $429 $561 $728
143 198 251 3152, 389 635 792 864 997 1,392
37 47 50 5K 49 45 557, 56 58 64
$571 $550 $737 $932 $1,039 $1,216 $1,188 $1,349 $1,616 $2,184
$224 $184 $194 $271 $356 $411 $434 $340 $394 $527
185 187 201 249 262 401 502 532 594 754
6 8 7 10 11 10 14 g2 13 18
$415 $379 $402 $530 $629 $822 $950 $884 $1,001 $1,299
$ 157 $51 St 52 S) Sk $396 $269 $184 S 89 $ 92 $183
41 37 43 50 55 63 197 101 106 165
_3 3 _5 _3 3 _4 _2 _4 ) =)
$101 $91 $100 $150 $456 $336 $383 $194 $203 SBS%
$672 $540 $682 $895 $1,353 $1,216 S957 $858 $1,047 $1,438
369 422 495 651 706 1,099 1,491 1,497 1,697 2,31
46 58 62 66 65 59 73 72 76 91
$1,087 $1,020 $1,239 $1,612 $2,124 $2,374 $2,521 $2,427 $2,820 $3,840
Environmental of the United States Petroleum 1981.

Total
1971-1980

$4,853

6,013
516
$11,382

$3,335

3,867
200
$7,311

$1,470

858
43
$2,371

$9,658

10,738
668
$21,064
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Air

Exploration and Production
Transportation
Marketing
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Total

Water

Exploration and Production
Transportation
Marketing
Manufacturing
Total

Land and Other

Exploration and Production
Transportation
Marketing
Manufacturing
Total

Air, Water, Land and Other

Total

TABLE 8

Environmental of the Petroleum Industry -- 1971-1980
(Millions of Dollars)
Year

1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
SIS $17 $14 $27 $59 $85 $68 S519 $55 $123
8 3 10 22 35/ 30 26 20 15 33

39 21 43 105 55 36 15 18 43 74
329 264 369 373 450 385 230 3312 448 498
$391 $305 $436 $527 $601 $536 $339 $429 $561 $728
$82 $68 $62 $92 $117 $135 $187 $206 $240 $316
20 16 22 37 84 517 45 38 35 50
10 14 17 19 25 16 13 13 19 38
112 86 93 123 130 203 189 83 100 d23
$224 $184 $194 $271 $356 $411 $434 $340 $394 $527
$13 $22 $27 $38 $57 $70 $54 $i59 $63 $120
6 8 9 37 322 188 106 18 12 14

11 14 8 6 4 3| 3, 4 3 14
27 7 8 16 13 _8 21 ) 14 35
S$57 $i51 $52 $97 $396 $269 $184 $89 $92 $183
$672 $540 $682 $895 $1,353 $1,216 $957 $858 $1,047 $1,438

Environmental of the United States Petroleum 1981.

SOURCE: American Petroleum Institute,

Total

1971-1980

$522
204
449
3,678
$4,853

$1,505
404
184
1,242
$3,335

$523
720

70

157
$1,470

$9,658
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Air

Water

TABLE 9

Environmental Administrative, Operating,
and Maintenance of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Exploration and Production $8 $8 $12 $15 $20 $21 $28 $32 $35 $62
Transportation 6 3 4 3 7 16 11 12 12 16
Marketing 13 156 21 43 34 24 30 29 37 57
Manufacturing 116 172 214 291 328 574 723 791 913 1,262
Total $143 $198 $251 $352 $389 $635 $792 $864 $997 $1,392
Exploration and Production $84 $66 $69 $90 $87 $145 $141 $154 $173 $215
Transportation 21 15 16 25 28 46 37 316 35 39
Marketing 5 6 74 8 Uy 13 13 22 19 24
Manufacturing 75 100 109 126 136 227 3114 320 367 476
Total $185 $187 $201 $249 $262 $401 $502 $532 $594 $754
Land and Other
Exploration and Production $16 $16 $20 $24 $29 $27 S3i $38 $36 $512
Transportation 5 9 8 8 8 14 128 24 18 19
Marketing 7 4 5 5 3 3 4 5 5 8
Manufacturing 13 8 10 13 15 19 34 34 47 86
Total $41 $37 $43 $50 $55 $63 $197 $101 $106 $165
Air, Water, Land and Other

Total $369 $422 $495 $651 $706 $1,099 $1,491 $1,497 $1,697 $2,311

SOURCE: American Petroleum Institute, Environmental of the United States Petroleum 1981.

Total

1971-1980

$241
90

298
5,384
$6,013

$1,194
293
128
2,247
$3,867

$10,738



67

TABLE 10

Environmental Research and of the Petroleum -- 1971-1980
(Millions of Dollars)
Year
1971 1972 1973 1974 1975 1976 1977 1978 1979 1980
Air
Product $22 $18 $19 $18 $15 $18 $24 $25 S22 1 $21
Process 14 26 29 33 32 25 30 28 34 40
Sampling and Testing 1 3 2 2 2 2 3 3 3 3
Total $37 $47 $50 SI5)3] $49 $45 S517 $56 $58 $64
Water
Product $2 $2 $1 $2 $3 $2 sS4 $4 $3 $ 4
Process 3 4 4 7 6 7 6 7 9 12
Sampling and Testing 1 2 2 1 2 1 4 il 1 2
Total $6 $8 $7 $10 S$11 $10 S$14 $12 $118 $18
Land and Other
Product = $1 $1 = $1 $1 - = $1 $2
Process 1 1 2 2 ) 2 2 3 5
Sampling and Testing 2 1 2 1 2 1 = 1 1 2
Total $3 $3 $5 $3 $5 s$4 $2 sS4 $5 $9
Air, Water, Land and Other
Total $46 $58 $62 $66 $65 $59 $73 $72 $76 $91
SOURCE: American Petroleum Institute, Environmental of the United States Petroleum 1981.

Total
1971-1980

$201
291
24
$516

$27
65
17
$109

$7
23
13
$43

$668
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NOTE: Data shown are as reported to API; they do not represent 100 percent of the expenditures.
SOURCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981.
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Figure 7. Environmental Capital Expenditures of the Petroleum Industry—1971-1980.

NOTE: Data shown are as reported to API; they do not represent 100 percent of the expenditures.
SOURCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981.
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NOTE: Data shown are as reported to API; they do not represent 100 percent of the expenditures.
SOURCE: American Petroleum Institute, Environmental Expenditures of the United States Petroleum Industry, 1981.

Tables 11, 12, 13, and 14 summarize the various analyses made
during the study for all industry sectors, again excluding RCRA
costs. The petroleum industry as a whole was forecast to i1ncur an
annualized cost of $13 billion in 1980 (1979 dollars), which will
rise in 1990 to $17 billion plus RCRA costs. For additional
details, see the Battelle report.

In order to put these expenditures and forecasted costs in some
perspective, Table 15 shows the estimated incremental pollution
expenditures for both the public and private sectors in the United
States for the 1979-1988 period, as projected by the Council on
Environmental Quality 1in 1980.7 During the 10 years from 1979 to
1988, total spending in response to the federal environmental
quality regulations 1is expected to total $518.5 billion.
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TABLE 11

Total Annualized Costs of Environmental Regulations
to the Petroleum Industry -- 1970-1990%*
(Millions of 1979 Dollars)

1985 1990
1970 1975 1980 Anticipated Anticipated

Air

Exploration and Production $26 $88 $320 $600 $850

Transportation 23 73 80 110

Refining 540 3,400 5,300 5,900 5,800

Distribution and Marketing 220 310 350 330

All Sectors 560 3,700 6,100 6,900 7,100
Water

Exploration and Production $1,400 $2,400 $3,600 $4,900 $5,500

Transportation 3 42 120 410 440

Refining 290 1,000 1,900 2,100 2,200

Distribution and Marketing 48 180 180 180

All Sectors 1,700 3,500 5,800 7,600 8,300
Solid

Exploration and Production $23 $35 $45 $54 $40

Transportation

Refining e r

Distribution and Marketing

All Sectors 23 35 45 54 40
Other Pollution

(e.g., Odor and Noise)

Exploration and Production s$19 $19 $19 $19 $19

Transportation 65 82 82 81

Refining 2 50 320 810 830

Distribution and Marketing

All Sectors 22 130 420 910 930
All Pollution

Exploration and Production $1,400 $2,600 $4,000 $5,600 $6,400

Transportation 4 130 270 570 630

Refining 830 4,400 7,500 8,800 8,800

Distribution and Marketing —— 270 490 5310 500

All Sectors 2.,:300 7,400 12,000 15,000 16,000
Unallocated

All Sectors $80 $160 $220 $230 $230

Grand Total $2,400 $7,500 $13,000 $16,000 $17,000

*Excludes RCRA costs. Totals may not add due to rounding.

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the
Petroleum Industry, July 31, 1980.
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TABLE 12

Cumulative Capital Investment Expenditures on Environmental

Reqgulations by the Petroleum Industry -- 1970-1990%*
(Millions of 1979 Dollars)
1985
1970 1975 1980 Anticipated
Air
Exploration and Production $76 $270 $820 $1,400
Transportation 52 160 180
Refining 1,800 7,400 11,000 13,000
Distribution and Marketing 800 1,200 1,800
All Sectors 1,900 8,500 13,000 16,000
Water
Exploration and Production $4,700 $7,200 $11,000 $16,000
Transportation 7 110 310 1,300
Refining 850 2,600 4,800 5,900
Distribution and Marketing 210 540 540
All Sectors 5,600 10,000 16,000 24,000
Solid
Exploration and Production
Transportation
Refining
Distribution and Marketing
All Sectors
Other Pollution
(e.g., Odor and Noise)
Exploration and Production $15 $90 $170 $240
Transportation 6 260 330 330
Refining 180 1,200 2,900
Distribution and Marketing
All Sectors 242, 530 1,600 3,500
All Pollution
Exploration and Production $4,800 $7,600 $12,000 $17,000
Transportation 13 420 790 1,900
Refining 2,700 10,000 17,000 22,000
Distribution and Marketing -- 1,000 1,700 2,300
Grand Total $7,500 $19,000 $31,000 $43,000

*Excludes RCRA costs. Totals may not add due to rounding.

1990
Anticipated

$2,000
290
19,000
2,000
23,000

$21,000
1,500
7,500
540
30,000

$320
330
3,000

3,700

$23,000
2,100
30,000
2,600

$57,000

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the

Petroleum Industry, July 31,

1980.
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TABLE 13

Annual Capital Investment on Environmental
by the Petroleum Industry -- 1970-1990*
(Millions of 1979 Dollars)

1985 1990
1970 1975 1980 Anticipated
Air
Exploration and Production $19 $78 $160 $120 $120
Transportation 32 26
Refining 1,500 610 1,000 213 390
Distribution and Marketing 390 52 150 33
All Sectors 1,500 1,100 1,200 500 550
Water
Exploration and Production $470 $610 $890 $1,000 $1,000
Transportation i, 44 13 205 22
Refining 170 480 130 200 410
Distribution and Marketing 3 140
All Sectors 640 1,100 1,000 1,400 1,400
Solid
Exploration and Production
Transportation
Refining =
Distribution and Marketing
All Sectors
Other Pollution
(e.g., Odor and Noise)
Exploration and Production $15 $15 $15 $15 $15
Transportation 6 68
Refining 170 170 12 18
Distribution and Marketing
All Sectors 22 250 180 27 33
All Pollution
Exploration and Production $500 $700 $1,100 $1,100 $1,100
Transportation 13 140 13 230 23
Refining 1,700 1,300 1,300 430 820
Distribution and Marketing - 390 52 150 33
Grand Total $2,200 $2,500 $2,500 $1,900 $2,000

*Excludes RCRA costs. Totals may not add due to rounding.

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the
Petroleum Industry, July 31, 1980.
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TABLE 14

Net Operating Costs of Environmental Requlations

to the Petroleum Industry --

Air

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

Water

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

Solid

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

Other Pollution
(e.g., Odor and Noise)

Exploration and Production
Transportation

Refining

Distribution and Marketing
All Sectors

All Pollution
Exploration and Production
Transportation
Refining
Distribution and Marketing
All Sectors

Unallocated

All Sectors

Grand Total

(Millions of 1979 Dollars)

1970 1975
$8 $27
11

110 1,600
40

120 1,700
$320 $830
1 18

93 400
410 1,200
$23 $35
23 35

6

7

13

$350 $900
35

200 2,100
40

500 3,000
$80 $160

$630 $3,200

1970-1990%*

1980

$140
38
2,800
39
3,000

$1,200
47

770

S
2,100

$45

45

59

$1,400
93
3,600
97
5,200

$220

$5,400

*Excludes RCRA costs. Totals may not add due to rounding.

1985
Anticipated

$280
39
3,100
510
3,400

$1,400
93

860

57
2,400

$54

54

130

140

$1,700
140
4,100

6,000

$230

$6,200

1990

$420
43
3,000
-81
3,300

$1,400
93

920

Sil
2,500

$40

40

135

140

$1,900
140
4,000
-26
6,000

$230

$6,200

SOURCE: Battelle Columbus Laboratories, The Cost of Environmental Regulations to the

Petroleum Industry, July 31,

1980.
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99

Program

Air Pollution
Public
Private
Mobile
Industrial
Electric Utilities
Subtotal

Water Pollution
Public
Private
Industrial
Electric Utilities
Subtotal

Solid Waste
Public
Private

Subtotal

Toxic Substances
Drinking Water
Noise

Pesticides

Land Reclamation

Total

TABLE

Estimated Incremental Pollution Abatement
(Billions of 1979 Dollars)

Operation
and
Mainte-
nance

"nn O w
.
BDw b

$<0.05
<0.05
$<0.05

$0.1

<0.05

<0.05
0.1
0.3

$17.8

1979

Annual
Capital
Costs?t

SgonN
.
[PV o))

$<0.05
<0.05
$<0.05

$0.2

<0.05
0.1

<0.05
1.1

$19.1

Total
Annual
Costs

$36.9

1979-1988*

1988
Operation
and Annual Total
Mainte- Capital Annual
nance Costs Costs
$2.0 $0.5 S 2r5
3.7 11.0 14.7
3.0 4.1 7.1
7.6 5.7 18.3
$16.3 $21.3 $37.6
SBrRE3 $10.0 $13.3
5.4 4.5 9.9
0.3 0.9 1.2
$9.0 $15.4 $24.4
$0.4 $0.3 $0.7
0. 0.7 1.6
] $1.0 $2.3
$0.5 $0.6 $1.1
0 il 0.3 0.4
0.6 1.0 1.6
0 <0.05 0.1
0.3 1.2 1.5
$28.2 $40.8 $69.0

Cumulative (1979-1988)
Operation
and
Mainte- Capital Total
nance costs? Costs
$15.8 $3.7 $19.5
32.1 83.7 115.8
25.8 33.0 58.8
62.3 42 .7 105.0
$1816.10 $163.1 $299.1
$25.1 $59.2 $84.3
42.0 34.0 76.0
2.9 6.5 9.4
$70.0 $99.7 $169.7
$2.6 $2.0 $4.6
6.4 4.4 10.8
$9.0 6.4 $15.4
$3.6 $4.6 $8.2
1.3 1.4 2.7
2.6 4.3 6.9
U8 <0.05 1.2
3.8 11.5 15.3
$227.5 $291.0 $518.5

*Incremental costs are those made in response to federal legislation beyond those that would have been made in the
absence of that legislation.

TInterest and depreciation.

SOURCE:

Council on Environmental Quality,

Environmental Quality,

1980.
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CHAPTER TWO

EXPLORATION AND PRODUCTION

INDUSTRY OPERATIONS

INTRODUCTION

The many facets of o0il and gas exploration and production
operations are interrelated and interdependent, functioning concur-
rently for most of the life of a producing area, or field. The
industry is composed of thousands of explorers and producers, and
is supported by thousands of manufacturers, suppliers, and service
contractors. The diagram in Figure 9 illustrates in simplified
fashion the flow of activities from the time exploration starts,
through the development of a commercial petroleum deposit, to field
abandonment and the return of the land to its original use or a
new use.

Exploration begins with geological and geophysical work and
continues through the drilling and evaluation (logging) of several
wells, most of which are nonproductive. It does not stop with the
completion of a discovery well. Confirmation and extension wells
are necessary to determine if a reservoir is of commercial quality
and size. After a sufficient volume of producible o0il and/or gas
has been found, production facilities are installed, development
wells drilled, transportation to markets arranged, and production
is begun.

During the productive life of a field, it is often necessary to
re—enter wells to do repairs and modifications such as production
stimulation, control of produced waters, and control of formation
sand intrusion. On initial completion, or when the natural reser-
voir pressure declines as 0il is extracted and a well no longer
flows, artificial lift devices, such as beam- and rod-supported
subsurface pumps or gas lift facilities, are usually installed.
Compressors are frequently used to increase the rate of production
and extend the producing life of gas wells.

Throughout the productive life of a field, well and reservoir
performance are studied. Remedial, stimulation, and recompletion
work is performed and fluid or gas may be injected to maintain
production. Wells may be deepened or supplemental wells drilled.
There is a constant effort to sell or inject all produced natural
gas. Water produced with the oil is separated, treated, and dis-
posed of in a legally and environmentally acceptable manner either
by injection into the ground or by discharge into surface water
when permitted.

Gas produced with oil or from gas wells may contain enough
heavier hydrocarbons (propane, butane, and natural gasoline) to
economically justify extracting the natural gas liquids. Other
produced gas may contain almost all light hydrocarbons (methane and
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Figure 9. Simplified Flow Diagram Showing Operations for Exploration,
Discovery, Production, and Abandonment of an Oil or Gas Field.
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ethane) and is marketed without liquid extraction. Corrosive and
toxic contaminants such as carbon dioxide (COp) and hydrogen
sulfide (H7S) are separated for disposal before the gas is
processed.

The productive life of many oil fields is extended by water
flood or gas injection (secondary recovery). Some o0il reservoirs
can be revived for a third life (tertiary recovery) by injection of
steam, COj, or chemicals (polymers, surfactants).

During the entire life of a field, maintenance work never
stops. Artificial lift equipment must be serviced, surface faci-
lities maintained, and replacement production and injection wells
drilled. As wells become uneconomical to produce, they must be
plugged with cement, salvageable casing pulled, surface equipment
removed, and the surface area cleaned in accordance with the terms
of the lease.

The length of time from the start of exploration until produc-
tion begins may be from five to 10 years, while the productive life
can be 25 to 50 years or longer.

Not shown in Figure 9 are the large number of permits and
regulatory requirements, which add significantly to the effort,
time, and cost of exploration and production operations. These
requirements are discussed in the Environmental Considerations
section of this chapter.

EXPLORATION
I. Geological

Exploration geology is fundamentally no different onshore, off-
shore, or in harsh climates. Study of exposed rocks at the surface
can tell a geologist the history of the area, structural trends,
and other information indicating whether proper conditions are
present for the accumulation of hydrocarbons. In the search for
petroleum, geologists usually look for the following essential
information: the source beds of shales and limestones that
originally contained an abundance of organic remains; the porous
sandstones or limestones that later become the reservoir beds of
migrating oil and gas; and the trap that seals off the reservoir
beds and holds the hydrocarbons in place.

On land, rock samples may be gathered by hand or from shallow
core holes. Continuous core drilling is no longer common because
of costs, the great improvements in geophysical technology, and the
increasing difficulty in securing permission to drill from land
surface owners. Offshore, ocean floor samples are recovered by a
grab device lowered from a vessel, or from shallow cores obtained
by '‘penetrating the ocean floor with a weighted tube or by jetting
action, which can penetrate to about 75 feet. Core drilling to a
maximum of 350 feet may be undertaken by special permit.
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II. Photographic and Sonar

Aerial photographs of terrain taken at constant altitudes are
interpreted and used to map surface geology, to aid in planning
field visits, and to select sites for drilling and other surface
facilities. Satellite photography, landsat imagery, image enhance-
ment techniques, and side-looking radar have also been used for
surveying.

Sonar (reflected sound wave) surveys are used to map the ocean
floor in a manner comparable to onshore aerial photography. Sonar
surveys can measure vertical water depth and, with side scan,
reveal the dimensions of submarine ridges and trenches and the
shape of the continental slope.

1 93

In the search for oil and gas, geophysical and geological
studies are complementary. Geophysical measurements taken at the
surface provide the major clues for locating potential subsurface
reservoirs that may contain hydrocarbons. Sedimentary basins are
first located and mapped by broad surveying techniques and their
potential for hydrocarbon generation assessed; then structural
traps where 0il or gas could accumulate are identified.

Basins may be surveyed by airborne magnetometers, which measure
small variations in the earth's magnetic field. Magnetic maps are
used to map the basement surface (undisturbed igneous rock), al-
though some anomalies can be mapped within the sedimentary sec-
tions.

Gravity surveys that measure small (up to one part per hundred
million) variations in the total gravitational field of the earth
can show the horizontal location of older, heavier, more deformed
rocks within a basin of lighter, younger rocks. Gravity and seis-
mic surveys are usually conducted at the same time.

Several other highly sophisticated geophysical techniques are
used in basin surveys. Electrical transient measurement of a re-
flected pulsed electric signal generated at the surface can indi-
cate variations in electrical resistivity, which is affected by the
presence of hydrocarbons. The natural alternating currents (tellu-
ric) and small magnetic field eddy currents (magnetotelluric) can
also be measured to indicate variations in the resistivity of rock
layers. Magnetotelluric measurements can be related to rock poro-
sity and salt water distribution.

The major geophysical technique used in o0il and gas exploration
is seismic reflection. Reflection surveys are usually made before
the first exploration well is located and additional surveys help
outline a field during development. A physical pulse or vibration
created at or near the surface produces a wavefront of sonic
energy, which travels through the subsurface and is partially
reflected back to the surface each time the wavefront encounters a
discontinuity such as the boundary between two rock layers. The
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reflected energy is picked up at the surface by very sensitive
microphones called seismometers or geophones, which convert the
sonic energy into electrical energy that is then amplified to
produce usable signals. The seismograph records these signals as a
function of elapsed time from the instant the pulse was created.
Interpretation of the sonic wave travel time from the surface to
one or more reflecting discontinuities and back to the surface at
many locations furnishes data for subsurface contour maps. These
maps and supporting geological data lead to identification of the
most likely locations for hydrocarbon accumulation.

The physical pulse at the surface for seismic reflection has
traditionally been created by firing a small explosive charge in a
shallow borehole (50 to 200 feet deep). About one-half of land
crews use this method. No explosive charges are used offshore.
Modern technology has developed other seismic sources that are
either more economical or have technical advantages: compressed
air charges, which are used almost exclusively in marine seismic
surveys; vibratory sources, which, because of economics, environ-
mental considerations, and technical advantages, are the fastest
growing explosives replacements on land; and a variety of other
sources, such as weight drop and gas exploders, that are used for
special applications. Compressed air charges discharged through
holes drilled through floating ice are successfully used in the
Arctic. The Beaufort Sea area adjacent to the coast and offshore
to the vicinity of the ice pressure ridge (about 30-foot water
depth) has been surveyed with precise results, using land crew
equipment (vibrator sonic source) on the ice when the thickness was
48 inches or more.

The energy pulse released by a seismic generator is very weak
and the energy received back at the surface is even weaker. It is
difficult to recognize these reflection signals in the background
of seismic noise. Modern interpretation methods include:

e Digital recording of data
e Computer processing to extract signal from noise
e Corrections for earth-induced errors

@ Extraction from the signal of meaningful information and, in
the best of circumstances, significant information about the
hydrocarbon content of the reservoir rocks.

IV. Geochemical

Geochemistry, the science dealing with the chemical composition
of and chemical changes in the earth's crust, makes a contribution
to petroleum exploration through the following techniques:

@ Helium is a minor constituent of natural gas. Because of
its small atomic weight, it can pass upward through sedi-
mentary rock and may be measurable in surface soil above
hydrocarbon deposits.
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e Sedimentary basins must be subjected to heat and pressure
during geological time to generate hydrocarbons from buried
organic material. Examination of the rocks can indicate the
degree of maturity as a hydrocarbon source.

@ The presence of minute amounts of hydrocarbons in formation
waters can lead to predictions as to nearby hydrocarbon
occurrences.

@ The specific composition of the organic compounds that com-
prise a crude petroleum provides clues to its origin and
migration history.

® Examination of rocks by scanning electron microscopes, by
luminescence when heated, and by spectrochemical analysis
for elemental composition, including the presence of heavy
metals, can aid in identifying the matrix and the source of
deposits within the pore space.

V. Continental Offshore Stratigraphic Test Wells

A Continental Offshore Stratigraphic Test (COST) well is an im-
portant source of information for exploration in U.S. Outer Con-
tinental Shelf (OCS) frontier areas. The U.S. Geological Survey
(USGS) can authorize the drilling of a well by a group of companies
to obtain geological information. All coring and logging informa-
tion becomes proprietary to the participating companies, but is
shared with the USGS in confidence until after the lease sale of
the area of interest.

COST wells are located off-structure to avoid hydrocarbon ac-
cumulations and to obtain maximum stratigraphic information. The
same USGS-0OCS rules apply to securing permits and to drilling,
casing, and abandonment for a COST well as apply to a regular
exploration well. All COST wells must be plugged and abandoned
when logging is completed. COST wells have been drilled in the
Atlantic Georges Banks, Pacific offshore, Bering and Beaufort Seas
offshore Alaska, Baltimore Canyon, and Gulf of Mexico.

DRILLING AND COMPLETION
I. Drilling Rigs and Drilling Operations

A rotary drilling rig is a portable apparatus designed to drill
a hole into a geological formation and to wall the hole with steel
pipe (casing) and cement, with the objective of exploring for and
developing o0il and gas fields. Portability limits rig design
weight and size. Except for some specialized items such as fail-
safe pressure control systems and the marine riser, the same kind
of rig is used onshore and offshore. The rig support may be dry
land, an inland submersible barge, an artificial island, a fixed
structure, or a mobile offshore unit. Offshore exploration drill-
ing is usually done by mobile units. Most offshore development
drilling is done by controlled directional drilling from a fixed,
bottom-founded platform.
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The three main functions of all rotary drilling rigs are per-
formed by the hoisting, circulating, and rotating systems, backed
up by the pressure control equipment. Figure 10 shows the major
components of the rotary drilling rig; each component is numbered
to correspond with the discussion below.

A.

The mast or derrick (18) supports the hook (9) by means of the
traveling block (10), wire line (11l), crown block (12), and draw-
works (14). These components are tied together and supported by a
massive steel substructure (19). The drawworks are powered by
prime movers (15), usually two to four engines. Most inland rig
engines are diesel mechanical or electrical, and some are gas.
Diesel-powered electric drives are common offshore; steam rigs are
nearly obsolete.

During the drilling operation it is necessary to pull and rerun
the drill pipe (4), to change bits (1), to run casing, and, if the
well is successful, to run tubing. To perform these functions,
elevators are suspended from the hook and are latched around the
pipe below a coupling or drill pipe tool joint so that the pipe-
string may be hoisted.

B. Circulating

Drilling-fluid materials (muds) are mixed through the mud-
mixing hopper into the mud tanks (17). From these tanks the mud is
pumped down the drill pipe (4) via the swivel (8) and kelly (6).
This mud exits the drill pipe through the drilling bit and returns
to the surface through the annulus (space between the well bore
wall and the drill pipe). As the mud travels up the annulus, it
carries the drill cuttings in suspension to the mud return line.
The mud is then passed through the solids control equipment (shale
shaker screens, hydroclones, etc.) to remove the cuttings and is
returned to the mud tanks for recirculation. Figure 11 shows a
flow diagram depicting the route drilling mud travels during the
drilling of a well.

Some of the functions performed by drilling muds are as
follows:

® Remove drilled solids (cuttings) from the bottom of the
hole and carry them to the surface where they are removed

e Lubricate and cool the drill bit and string
@ Deposit a semi-impermeable wall cake on the well bore wall
to seal permeable formations and prevent the loss of drill-

ing mud into the formation

@ Control downhole pressures by maintaining a fluid column
pressure greater than drilled formation pressure

@ Suspend drill cuttings in the fluid when circulation is
interrupted
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12. Crown Block

18. Mast or Derrick

11. Wire Line

13. Rotary

10. Traveling Block
9. Hook
8. Swivel
L 7. Rotary Hose and Standpipe
6. Kelly

17.
Blowout Preventer (BOP) Stack

19. Substructure

6. Kelly

5. Kelly Saver Sub

4. Drill Pipe

3. Drill Collars

ROTARY-RIG SYSTEM COMPONENTS

Hoisting System ... 9,10, 11, 12, 14, 15, 18, 19

Circulating System . 2, 3, 4,5, 6,7, 8, 15, 16, 17 2 Bit Sub
Rotating System ... 1,2,3,4,5,6,8, 13, 15

Pressure Control

System . .20
11 Bit

Figure 10. Systems and Components of a Rotary Drilling Rig.
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Figure 11. Route of Drilling Muds.

SOURCE: Moseley, H.R., Jr., Chemical Components, Functions, and Uses of Drilling Fluids, paper presented at United Nations
Environmental Programme Environmental Consultative Committee on the Petroleum Industry, Paris, France, June 1981.
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® Support part of the weight of the drill bit and string
@ Transmit hydraulic horsepower to the bit.

To accomplish these many functions under extreme variations in
formation pressure, temperature, and formation integrity requires
drilling mud programs designed for local conditions and close
surveillance by trained personnel. To produce the desired muds,
which may vary in weight from 9 to 18 pounds per gallon, the most
common materials added to the natural drilling fluid generated by
drilling with water are:

° Attapulgite clay to build up fluid volume

° Barite (a barium sulfate) to add weight

° Bentonite (sodium montmorillonite) to add viscosity, or
thicken

° Lignosulfonates (paper mill by-product) to lower

viscosity, or thin

° Starch, calcium chloride, soda ash, and caustic soda to
control fluid loss into permeable formations

° Fibrous and dgranular inert material to plug extremely
porous or fractured formations

° Bactericide to prevent deterioration of starch muds
° Inhibitors to minimize corrosion in deep, high-temperature
wells.

Fresh water is the usual liquid used for drilling shallow
wells. Deeper wells, which penetrate high-pressure and high-
temperature formations, may require complex, high-density drilling
fluids with a liquid that may be salt water, oil emulsion, or oil.
Other special wells may use air or foam as the circulating medium.

Surplus and contaminated mud are pumped into an earthen reserve
pit or steel tank for later disposal as described in the Environ-
mental Considerations section of this chapter.

C. Rotating System

The rotary, powered by prime movers, rotates the kelly through
the kelly drive bushing, which rests in a square recess in the
rotary. The kelly, a flat-sided, usually hexagonal hollow forging,
40 to 45 feet long, is suspended by the swivel and hoisting
machinery during drilling operations. It is free to move verti-
cally through the kelly drive bushing and serves to suspend and
rotate the drill pipe. When drilling or circulating operations are
suspended for the bit to be pulled or casing run, the swivel,
kelly, and kelly drive bushing are removed. A device called slips
is placed in the rotary recess around the drill pipe to suspend it,
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when not being lifted by the elevators, while running in or pulling
out of the hole.

Drill pipe is the steel tube used to transmit rotating force
from the rotary, located on the derrick floor, to the drill bit on
the bottom of the hole. The rotating force and weight of the drill
collars below the drill pipe provide directional control and
cutting power to the bit. When pulled from the hole, the drill
pipe rests on the derrick floor in stands, which are usually three
30-foot joints connected by coarse threaded couplings of high
strength, abrasion-resistant steel, called tool joints. Throughout
the drilling operation, drilling fluid is pumped down through the
drill pipe and back up the annular space to the surface.

D. Pressure Control

Pressure control equipment seals a drilling well at the surface
of the hole below the derrick floor, to prevent unwanted flow from
the well, either through the annulus around the drill pipe or while
the drill pipe is out of the hole.

The blowout preventer (BOP) stack (20) attached to the casing
head at the top of the well consists of combinations of annular and
ram-type BOPs, activated by hydraulic controls located at a safe
distance from the well bore. Figure 12 is a schematic drawing of a
conventional BOP stack installed on a land- or bottom-founded off-
shore platform casing head.

BOPs are made in pressure ratings compatible with wellhead
pressure and drilling requirements in a wide range of sizes. The
annular BOP, usually located on top of the BOP stack, closes
circumferentially. It can seal around any size pipe that can go
through it, around the hexagonal kelly, or to a limited extent
close the open hole. Ram-type BOPs seal around the pipe by radial
movement of preformed half-circle rubber blocks embedded in two
steel rams or plungers mounted in the BOP body on opposite sides of
the hole. The rams must be sized to fit the drill pipe being used.
Blank rams are fitted with straight parallel rubber blocks for use
when the drill pipe is out of the hole. Special designs for ocean
floor installation are necessary for floating platform rigs.

As a safety device to prevent backflow through the drill pipe
while drilling, a kelly valve is installed on all drilling rigs at
the top of the kelly, immediately below the swivel, where it can be
closed in an emergency. A back pressure valve equipped with tool
joint threads is kept on the derrick floor during drilling opera-
tions so that it can be screwed into the drill pipe if the well
starts to backflow while the kelly is disconnected. Some rigs also

use a drop valve that can be pumped down the drill pipe to shut off
flow at the bottom.

Hydraulic fluid for opening and closing BOPs is stored in a
pressure accumulator located a safe distance from the rig floor.
High-pressure lines carry the hydraulic fluid from the accumulator
to the BOP stack, and when control valves on the rig floor are
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Figure 12. Conventional Blowout Preventer Assembly.

actuated by the driller, the fluid operates the BOPs. The
hydraulic fluid is under pressures ranging from 1,500 to 3,000
pounds per square inch (psi).

E. Casing and Cementing
All wells are cased with steel pipe during drilling and comple-
tion. Figure 13 shows the casing strings installed in a typical

deep well, onshore or offshore, exploratory or developmental. Ex-
cept for the first string set offshore, which is driven into the
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Figure 13. Casing Strings.

ocean floor, casing is lowered into the drilled hole and cemented
in place by pumping cement down the pipe and back up the annular
space.

Drive pipe used offshore (not shown in Figure 13) 1is typically
26 inches in diameter and is driven to 100 feet below the ocean
floor to support the annular BOP and the diverter head at the sur-
face, which directs drilling fluid to mud tanks while drilling for
conductor casing.
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The conductor casing, usually 20 inches in diameter, is set at
depths of 500 to 1,000 feet in offshore operation and is cemented
to the surface. It supports the annular BOP and diverter head
while drilling the surface casing hole. Conductor casing is not
necessary in development well drilling where it is known that sur-
face formations are competent and there are no shallow gas zones.

Surface casing is set through fresh water zones to prevent
their contamination and to contain potential fluid flow from high-
pressure zones penetrated below the surface casing. It is usually
13-3/8 inches in diameter offshore and in deep or exploratory wells
onshore; it is set at depths of 1,500 to 4,500 feet, depending upon
formation conditions, and is cemented to the surface. Surface
casing for shallow to moderately deep development wells (8,000 to
10,000 feet) is usually 9-5/8 or 10-3/4 inches in diameter.

Intermediate casing is set when abnormal pressure (signifi-
cantly above 0.5 pounds per foot of depth) is anticipated. Inter-
mediate casing, usually 8-5/8, 9-5/8, or 10-3/4 inches in diameter,
is cemented up through an impermeable zone above the abnormal
pressure zone. The purpose is to prevent the heavy drilling fluid
that is required to control abnormal pressure from entering
shallow, low-pressure permeable zones.

Production casing is set through oil and gas zones that are to
be completed for production, and cemented up into an impermeable
zone. All potentially productive zones are covered with cement.
Production casing is usually 4-1/2 to 7 inches in diameter.

F. Emissions and Effluents

Generally, the only air emissions during normal drilling
operations are exhausts from internal combustion engines, crew
quarters water heaters, and space heaters. Diesel fuel is used
almost universally. During the rare drill stem testing of a well,
very small volumes of natural gas may be emitted unburned.

Discharges requiring disposal during normal drilling operations
onshore and offshore are:

@ Excess drilling fluid generated by the addition of water,
chemicals, and solids to maintain necessary physical proper-
ties.

@ Drill cuttings excavated during hole making.

@ Degradable kitchen garbage.

e Domestic graywater wastes (showers, lavatories, kitchen
sink, laundry).

@ Sanitary wastes (toilets, urinals).

@ Waste o0il and petroleum products (held for disposal at
waste o0il sites onshore).
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@ Other solid wastes such as wire lines, junked pipe and
equipment, cans, glass, wood, paper, plastic, rubber, and
rope (held for disposal at proper solid waste disposal
sites).

On of fshore drilling platforms, there are discharges of sea-
water used to cool various internal combustion engines and heat
exchangers that are returned to the sea without additives other
than heat.

Industry practices and regulatory requirements for the pre-
vention of pollution by the above emissions and effluents are
discussed in the Environmental Considerations section of this
chapter.

II. Onshore Drilling

Onshore drilling is normally done from single locations, with
the hole drilled as nearly vertical as feasible. Exceptions are
environmentally sensitive areas such as the Alaskan North Slope,
urban areas such as Los Angeles, and coastal locations such as
southern California. In such circumstances, well drilling sites
are closely spaced at an acceptable spot and wells may be drilled
by controlled directional techniques to remote reservoirs, which
may be bottomed several thousand feet horizontally from the surface
locations.

In rural and less sensitive areas, drilling rigs are laid out
in as compact an array as possible. A deep exploratory rig
requires about 1.5 acres. If a reserve pit for excess drilling
fluid is used, as is normal, it will occupy another 1.5 acres, for
a total of about three acres. The average exploratory drilling rig
occupies about two acres, and the average development drilling rig
about one acre. A permanent clearing of about one-third of an acre
is needed around a deep producing well to accommodate a well ser-
vicing rig.

Land rigs are moved by heavy trucks, rigged up by mobile
cranes, and continuously served by wheeled vehicles requiring
adequate roads. Road right-of-way to a drill site generally varies
from 20 to 30 feet wide or about 3 acres per mile. If an explora-
tory well is dry, the roadway may be left intact or restored, in
accordance with agreement with the landowner. Swamp locations re-
quire special dredge and fill permits for building access roadways.

ITI. Offshore Drilling
A. Exploration Drilling

Almost all exploration drilling offshore is done with mobile
units. The type of mobile rig used is usually dependent on water
depth, sea conditions, and weather. The four principal types
(submersible, jack-up, drill ship, and semisubmersible) are
described below. The marine riser and pressure control equipment
are also discussed in this section.
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1. Submersible Rig

A submersible is a barge-like vessel supporting a drilling rig
and its equipment. It is towed to location and submerged to sit on
the ocean floor, where it serves as a fixed platform. It typically
operates in shallow (25 to 50 feet), calm waters. Submersible rigs
were the forerunners of the present generation of mobile rigs, and
their functions have been largely assumed by jack-up rigs. Many
submersible barge rigs are still used in shallow (6 to 10 feet)
inland water and marsh operations. Again, special dredge and fill
permits are required to cut slip canals in the marsh to float the
barge onto location.

2. Jack-Up Rig

Jack-up (self-elevating) rigs (Figure 14) have retractable
legs, which are lowered to the ocean floor and enable the body
(hull) of the platform to be raised to a safe distance above the
sea surface. Some jack-up rigs have their legs attached to a mat
to support the rig weight on the ocean floor, but most designs
carry the load on bottom leg cylinders. When the rig is to be
moved, the platform is lowered into the water, the legs retracted,
and the entire unit floated by platform hull buoyancy. Jack-up
rigs may be self-propelled but are usually moved by tugs.

Drilling can be conducted from a jack-up rig in more severe
weather than typical floating rigs and several wells can be drilled
directionally from one location. This is the most widely used
mobile rig in waters up to 300 feet deep.

3. Drill Ship

A drill ship (Figure 15) is a free-floating, ship-shaped vessel
that is kept in position by multiple anchors or by dynamic
positioning with propeller thrusters. Drill ships have several
advantages, including proven deepwater capability, capacity to
transport large loadings of drilling supplies, fast travel time to
remote locations, and relatively low operating costs. One dis-
advantage of a drill ship is its limited capac1ty to operate in
wind and wave conditions that produce excessive rig motion. The
limiting factor is about 15 feet of heave, which can be tolerated
by the marine riser tensioning and heave compensating devices.

The operational water depth for a drill ship is limited to
about 4,500 feet by the ability to handle the length of marine
riser. Deep exploration wells have been drilled in water depths of
4,000 feet from moored and dynamically positioned drill ships.

4. Semisubmersible Rig

A semisubmersible platform (Figure 16) is supported by a pon-
toon hull, which is at the sea surface during transport. When in
the drilling mode, the hull is submerged below the wave troughs and
the platform remains above the wave crests. Stability is main-
tained by caisson legs which connect the hull to the platform. The

76



Figure 14. Jack-Up Drilling Rig.
SOURCE: Marathon Manufacturing Company.
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Figure 15. Drill Ship.

SOURCE: The Offshore Company.
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Figure 16. Semisubmersible Rig.
SOURCE: Bethlehem Steel Corporation.
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unit is held in drilling position by anchors or by computer-
controlled propeller thrusters. Advantages of a semisubmersible
are its deepwater capability, platform stability, operating
performance in inclement weather, and good mobility. It is the
favored exploration drilling unit in the North Sea, North Atlantic,
and offshore Alaska.

While the semisubmersible can tolerate rougher seas than a
drill ship, its operational limiting factor while drilling is the
same as a drill ship, about 15 feet of heave. The semisubmersible
heave response to wave action is less than a drill ship, however,
hecause of less water plane area, except when wave swell frequency
coincides with the vessel's natural frequency.

The operational water depth for a semisubmersible, as with a
drill ship, is limited by the ability to handle the marine riser,
which is from 4,000 to 4,500 feet. Semisubmersibles do not have as
much deck load capacity to store and transport a long marine riser
as does a large drill ship.

5. Marine Riser and Pressure Control Equipment

The marine riser is the heavy wall pipe that connects the ocean
floor BOP stack to the BOP and mud flow lines under the derrick
floor of a floating drilling rig. The usual size of a marine riser
is 18-5/8 inches outside diameter, to which is added flotation
material to make the riser partially self-supporting.

Marine risers must maintain internal pressure integrity between
the BOP fixed to the wellhead on the ocean floor and the derrick
floor BOP, which can move with the floating rig six ways in three
dimensions:

® Surge longitudinal translation
e Roll longitudinal rotation

e Sway transverse translation

e Pitch transverse rotation

e Heave vertical translation

e Yaw vertical rotation.

Heave of the drilling unit as it rises and falls with sea swells
plus the vertical components of surge and sway are allowed for in
the riser slip joint and the drill pipe motion compensator.

The horizontal components of surge and sway and the bending
effects of roll and pitch on the riser are accommodated in a ball
joint immediately above the ocean floor BOP stack and in flexibil-
ity of the riser pipe. Drill pipe has sufficient flexibility to
allow this motion without damage. Rotation due to yaw is allowed
in the riser slip joint. The motion compensator above the swivel
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can allow for as much as 20 feet heave without lifting the bit off
bottom. Operational good practice is limited to about 15 feet
heave. Bumper subs (sliding sleeve drill collars) can be used on
bottom to increase heave tolerance or as an emergency substitute
for the motion compensator.

The ball joint used by most floating units allows 10 degrees
movement in any direction from vertical, which is adequate for
drilling to continue during a 6 percent water depth horizontal
excursion and for an 8 to 10 percent excursion with the riser
attached but not drilling.

The water depth technical limit for marine risers of about
4,500 feet is not caused by the riser design; it is the inability
of floating drilling units to transport and handle a longer string
of this large heavy pipe.

Pressure control equipment for floating rigs is the same as
above-water equipment except for the redundancy required by the
ocean floor location and the need for fail safe remote control.

The typical above-water BOP stack shown in Figure 12 has one
annular BOP, two ram-type BOPs equipped with pipe rams, and one
ram-type BOP with blind rams. A typical ocean floor BOP stack
(Figure 17) has four pipe ram BOPs; one blind ram BOP equipped with
shears capable of severing the drill pipe; and two annular BOPs,
one above and one below the riser connector.

All ocean floor BOP operations are performed by hydraulic power
controlled from the surface. Controls may be hydraulic or elec-
tric. As a minimum, two independent signal conductors and two
independent power lines are provided. The BOP stack is lowered to
the ocean floor and retrieved on the marine riser, suspended by the
rig hoisting machinery, and usually guided into place on the well-
head by wire lines stretched from the rig to an ocean floor base.

An offshore exploration well may be permanently plugged and
abandoned. If it is a commercial discovery, it may be temporarily
plugged, the mobile rig moved, and a fixed platform built above it
for development drilling and production. In any case, the ocean
floor BOP stack is removed with the marine riser since it is part
of the drilling rig equipment.

B. Development Drilling Platforms

Offshore development drilling is usually done from a fixed
structure. Almost all operations in U.S. waters are from pile-
founded steel platforms such as shown in Figure 18. The water
depth limit for steel platforms is more economic than technical.
Designs have been extended to serve large fields as discovered in
increasingly deep water. A steel platform is in operation in more
than 1,000 feet of water in the Gulf of Mexico.

Concrete platforms, constructed onshore, floated to offshore

locations, sunk and held in place by gravity, are being success-
fully used in the North Sea. Monopod concrete structures are
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Figure 17. Ocean Floor Blowout Preventer and Marine Riser.

SOURCE: Cameron lron Works, Inc.
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considered feasible for future Bering Sea Arctic development in
water depths of about 600 feet.

Artificial islands have been dredged up in shallow water off
the California coast and in about 60-foot water depths in the
Canadian Arctic Ocean. Temporary gravel islands have been created
in shallow Beaufort Sea areas using onshore gravel.

Much research and development has been concentrated on the
technology of deepwater (2,000 feet or more) development drilling
and production operations. A promising concept is the tension leg
steel tower, a platform provided with buoyant legs fixed to an
ocean floor structure. The platform deck could translate horizon-
tally but would be restrained from moving vertically. Another
concept, the guyed tower, would be restrained horizontally by a
conventional anchored guying system.

Ocean floor well completion systems and production facilities
have been developed for deep water and pilot tested in shallow Gulf
of Mexico waters. Both unmanned systems, manipulated from the
surface, and systems manned in atmospheric pressure chambers have
been demonstrated. Such systems will be used when large oil or gas
fields are discovered in water depths either technically or econo-
mically too deep for fixed structures. Subsea well completions are
in use throughout the world to expand field development past the
horizontal limit that can be reached by directional drilling from a
fixed platform, thus minimizing the number of platforms required.

1. Rigs and Drilling Platforms

Offshore development drilling rigs are no different from land
rigs except for being packaged in modules of convenient weight and
size for a platform crane lift. Derricks are usually the old style
square construction rather than the portable jack-knife type used
onshore. The typical offshore platform rig has diesel prime movers
driving electric generators, and all machinery is electric motor
driven. Some land rigs are diesel electric drive but most are
diesel mechanical.

Because of the high cost of an offshore platform and the ad-
vanced art of controlled directional drilling, several wells are
usually drilled from each platform. While the well spacing on the
platform is on about eight-foot centers, they may be hundreds of
feet apart at producing depth to conform with well spacing regula-
tions.

Platforms are usually built with well slot arrays in multiples
of 12, depending upon the reservoir depth and whether there are
multiple reservoirs to be developed. The slant of directionally
drilled wells is limited by the ability of electric logging tools
to slide down the hole. With usual drilling fluids, the limit is
55 to 60 degrees from vertical in 10,000- to 12,000-foot wells.
Deeper wells (15,000-16,000 feet) are limited to about 45 degrees.
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2. Accommodations and Logistics

Crew living quarters, mess, and recreation facilities are pro-
vided offshore. Supplies are delivered by service vessels provided
with open decks long enough for double lengths of 40-foot casing,
fresh water and diesel fuel cargo tanks, transfer pumps, and bulk
tanks for dry cement and drilling fluid additives. Personnel are
usually transported by helicopter.

IV. Formation Evaluation

During drilling many logging techniques are used to determine
the presence of recoverable hydrocarbons and the depths of zones of
interest. Mud logging continuously monitors the drilling fluid
stream as it discharges from the well annulus for the presence of
oil or gas, and for changes in drilling fluid properties. Drill
cuttings are recovered for paleontologists to identify formations.

The bit rate of penetration log with constant weight on bottom
and rotary speed indicates formation changes that can be correlated
with the depth of similar formations encountered in other wells.
Cores recovered from zones of interest can show the formation fluid
content (oil, gas, and formation water). Laboratory examination
can reveal the geological age, porosity (percent pore space), and
permeability (ability to pass oil, gas, and water).

Electric logging is the most universally used formation evalu-
ation technique. The logging tool is a sensitive instrument
lowered down the hole on an insulated conductor cable (wire line).
Electrical resistivity, natural electrical potential, natural
radioactivity, induced radioactivity, induced sonic energy, and
electromagnetic propagation are detected in the uncased hole at
measured depths and recorded at the surface. Radioactive and
temperature logs are used to evaluate the formation in cased holes
and to locate cement behind the casing.

The wire line log physical measurements are used to correlate
formation depth with other wells and to estimate the properties of
the rocks traversed and the fluids contained in the rock pores.
Logs recorded in drilling wells are the basis for most decisions to
set production casing and develop the field. As a field is pro-
duced, the reservoir engineer uses the electric logs to estimate
the reservoir boundaries and probable producing characteristics.

During drilling or completion, drill stem tests may be con-
ducted to determine fluid content of the formation without making a
well completion. A tool with a bottom valve is run on drill pipe
and placed adjacent to the zone of interest. Packers are set to
seal between the drill pipe and the wall of the hole. The bottom
hole valve is then opened to allow formation fluid to enter the
drill pipe. The fluid may be allowed to flow to the surface, or
the valve may be closed after filling the drill pipe a few hundred
feet. Drill stem tests can be run in the open hole or through
casing perforations.
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V. Completion Operations
A. Wellheads

During drilling operations, wellhead sections are installed
after each casing string is set. A wellhead (casing head) is a
heavy flanged steel connector which is threaded or welded to the
casing top. Succeeding sections are connected by bolts and each
has a valved outlet. The wellhead seals each casing annulus; each
section supports the weight of the casing string run through it,
and supports and seals it to the BOP until drilling is completed
and the well perforated.

B. Perforation

The production casing and surrounding cement are perforated to
provide a passage for oil and gas from the formation into the well
bore. Before perforating, the casing is filled with drilling fluid
or salt water of sufficient weight to prevent the well from flowing
while the perforating tool is in the hole. The perforating tool is
then run down the casing on an electric conductor cable to a mea-
sured depth, predetermined during formation evaluation. Perfora-
tion is accomplished by successively firing shaped explosive
charges, actuated from the surface.

C. Tubing, Packers, Safety Valves, Christmas Tree

Following perforation, tubing is run to provide a conduit for
fluid flow to the surface and to protect the production casing from
internal pressure and corrosion. Tubing is sized for rate and type
of production anticipated and for convenient passage through the
casing. The outside diameter is usually 2-7/8 inches for 7 inch
casing and 2-3/8 inches for 5-1/2 inch casing. The tubing is hung
from a tubing head, flanged and sealed to the casing head, with the
bottom positioned above the casing perforation. In deep or high-
pressure wells, a packer is attached to the bottom of the tubing
and set to seal the annulus so that a fluid can be left between
tubing and casing for pressure and corrosion protection.

Most wells are completed through a single string of tubing to
produce from a single reservoir. If more than one productive zone
is penetrated by a well bore, and it is desirable to produce them
simultaneously, multiple completions can be made. Two or three
parallel strings of tubing, isolated by packers and attached to a
multiple christmas tree, can be installed for individual zone
control. The disadvantages of multiple completions are the com-
plicated mechanics of packer settings and smaller diameter tubing
strings, which can limit flow rates.

A subsurface safety valve landing nipple is run in the tubing
string of wells completed in marine, urban, or environmentally
sensitive areas to provide downhole emergency shutoff to prevent
uncontrolled flow should a failure occur in surface control
equipment.
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The final equipment installed on a producing well is the
christmas tree. It is a manifold of valves and fittings flanged
and sealed on the tubing head to provide flow control from the
tubing to a gathering line, which carries production to processing
and storage facilities. A small orifice (choke), a needle valve
(adjustable choke), or a power operated automatic valve regulates
the flow. Figure 19 shows a high-pressure christmas tree.

D. Stimulation

If a well does not flow, a plug-like device called a swab is
lowered through the christmas tree and down the tubing on a wire
line. When the swab is pulled up the tubing, removing part of the
fluid, the resulting bottom hole pressure differential will cause
formation fluids to flow into the borehole. 1If swabbing does not

result in expected flow rates, other stimulation techniques may be
tried.

Some producing formations are sensitive to drilling fluids,
which seep in and swell minute clay particles, forming a block.
This block may be removed by injecting a small volume of a surface
active agent (surfactant). Limestone formations can usually be
stimulated to higher production rates by injecting several thousand
gallons of hydrochloric acid with some hydrofluoric acid added to
dissolve mud cake.

The most widely used stimulation process is formation fractur-
ing. Large volumes (several thousand gallons) of a viscous fluid
containing coarse sand, glass beads, or other particulate matter in
suspension is pumped down the tubing or casing and into the forma-
tion at a high rate and pressure. This creates fractures in the
formation that may extend several hundred feet from the well bore,
and are propped open by the particulate matter. Successful frac-
turing treatment can greatly increase the production rate and life
of a well. Tight gas sands are particularly susceptible to frac-
turing.

Following stimulation, the tubing and packer are rerun, the
christmas tree installed, and the well swabbed in under flowing
conditions, or placed on artificial 1lift. The spent chemicals
returning with produced fluids are recovered for disposal.

PRODUCTION

Production operations begin as the hydrocarbon reservoirs
developed by completed wells produce oil, gas, and formation water
mixtures through the lifting, gathering, and separation facilities.
Disposition of the liquid products is by custody transfer. Natural
gas is either injected or sold through a pipeline, and produced
water (usually saline) is either discharged or injected under-
ground. Typical onshore oil field production facilities are shown
schematically in Figure 20 and simplified offshore facilities with
onshore treatment facilities in Figure 18.
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Figure 19. High-Pressure Christmas Tree.
SOURCE: Cameron Iron Works, Inc.
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I. Production

The commingled oil, water, and gas flow from christmas trees
through gathering lines to gas/liquid separators. These are pres-
sure vessels with baffles and a quiet chamber where free gas se-
parates by gravity and flows from the top of the vessel. The oil
and water mixture moves from the separator to another separation
vessel where, with the addition of heat and/or chemicals, oil/water
emulsions are broken and the components separated by gravity aided
by baffles and, in some units, by electrostatic action.

0Oil then moves from the dehydrators to storage tanks for
measurement or through meters to the custody of the pipeline
company. Oil is sold by the producer to a refiner or broker. The
pipeline operators, truckers, or barge operators serve as common
carrier transporters.

Gas leaving the gas/liquid separator passes through a glycol
dehydrator or a dry desiccant tower to prevent the formation of
hydrates (solid water/gas mixtures), which can occur in high-
pressure gas at low temperatures. The dry gas may then be metered
to a pipeline for sale or compressed and injected into a producing
formation for pressure maintenance.

Formation water passes through a clarifier to remove minute
drops of oil. Onshore, the clarifier may be a large tank or a
shallow pond. Retention time necessary to remove oil to an
acceptable level varies with the gravity of the oil and the
temperature. If a shallow holding pond is kept skimmed and the
retention time is 24 hours or more, the average o0il content of
water discharged can be less than 25 parts per million (ppm). EPA
regulations prohibit discharges in excess of 48 ppm on the OCS.

When the clean water leaves the clarifier, it may be dis-
charged to tidewaters or injected through a disposal well into a
nonproductive zone or into a producing zone for pressure mainte-
nance and secondary recovery. Filtering may be necessary to pre-
vent formation plugging. For safety and spill containment, dikes
usually can hold more than the total capacity of the oil tanks.

A. Offshore Production Systems

Because of space limitations, offshore production facilities
must be compact and set close together. An offshore installation,
illustrated in Figure 18, separates the gas from liquids off-
shore, pumps the oil/water mixture onshore for separation, and
compresses the gas for delivery to the onshore gas dehydrator.

If custody transfer to a pipeline company occurs at the off-
shore platform, the o0il usually must be of salable quality, so
oil/water separation equipment must be installed there. The
produced water is cleaned by a mechanical clarifier and discharged
into the sea when it meets requlated specifications.

90



To cope with the added safety hazards and greater potential for
environmental pollution, safety devices are used offshore that are
not necessary in usual onshore operations. Most are considered
good practice by prudent operators but often they are required by
regulations. The major safety devices on surface facilities are:

@ Remotely operable, fail closed valves on each production
well.

@ Manual remote controls for emergency shutdown at a command
center and at evacuation points. (The entire platform can
be shut down from these controls.)

@ High-low liquid level sensors on gas/liquid separators.
@ High-low pressure sensors on all pressure vessels.

@ High-low pressure sensors on all flowlines between the well
choke and the valve manifold, which directs flow to gas/
liquid separators.

@ High-low liquid level sensors and high-low pressure sensors
at appropriate locations on gas compressor installation.

@ High-low pressure sensors and automatic and remotely
operable valves on all oil and gas pipelines entering a
platform from a satellite platform or leaving the platform.

@ High-low pressure sensors on all pipeline pumps.

These malfunction sensors are connected to alarms. Appropriate
sensors are designed to automatically shut in particular wells or
the whole platform.

Wells that produce quantities of formation sand that can erode
pipe and connections may be monitored by an erosion detector placed
in the flowline downstream from the well choke. Erosion of the
detector can close the well's automatic valve.

All oil or gas wells, including injection wells if capable of
flowing, are equipped with a subsurface safety valve set in the
well tubing 100 or more feet below the ocean floor. These valves
are designed to stop flow automatically in case of accidental high
rate of flow occurring at the surface. All subsurface safety
valves with less than 4,000 psi surface pressure installed in U.S.
OCS wells since December 1, 1972, are surface controlled. Sub-
surface controlled (velocity or pressure activated) safety valves
are used in higher pressure wells.

B. Offshore Emissions and Effluents

Air emissions from a manned offshore production platform in-
clude those emitted from an offshore drilling rig: diesel engine
exhaust, and products of combustion of diesel oil and natural gas
burned in water heaters and space heaters for crew quarters. 1In
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addition, there may be brief burning of natural gas in a flare
during a well test. If the well being tested is exploratory and
there are no facilities for saving the oil, an oil and gas mixture
might be burned in a smokeless burner. Discharges to the sea from
offshore production platforms are discussed in the Environmental
Considerations section of this chapter.

First stage separation of o0il and produced water offshore is
usually by gravity under pressure in the "free water knockout"
section of a gas/oil separator or in a separate pressure vessel
downstream from the gas/oil separator. Retention time in the
pressure vessel is quite short. Typically, the water leaving the
first stage will contain from 100 to 300 ppm entrained oil, which
must be clarified before it is discharged into the sea.

Several types of devices designed to remove finely divided oil
droplets are commercially available, but few have proven practical
in field tests. All systems work on the principle of accelerating
the coalescence of the o0il droplets, causing the oil to rise
through the water column more rapidly so it can be skimmed. Types
that have been extensively tested offshore include:

@ Fibrous element coalescing devices, which are efficient when
first installed but rapidly become plugged with fine parti-
cles of silt or paraffin present in the water.

@ Centrifuges, which tests show to be efficient but were dis-
carded because retention of solids caused high maintenance
costs and significant power requirements.

@ Upflow sand filters, which provide efficient separation but
are limited in use because of the large platform space
requirements, the close attention required, and the need to
treat backwash water and solids.

@ Gas flotation devices, which are used extensively in the
Gulf of Mexico with good results. Coalescence occurs by
mixing natural gas or air with the water. Rising bubbles
bring oil droplets to the surface for skimming. Power is
necessary to operate flotation cells, which require constant
maintenance to keep up performance.

e Corrugated plate interceptors, which consist of a bundle of
corrugated fiberglass plates spaced closely together and
sloped. Produced water is directed through the bundle and
between the plates. Accelerated coalescence is achieved by
shortening the distance that oil droplets have to rise to
contact a surface from several feet to a few inches. The
coalescing oil droplets move along the fiberglass plates
into a quiet chamber where they continue to rise to be
skimmed and recovered. Corrugated plate interceptors are
widely used because they give results comparable to multi-
cell flotation units and require no power to operate other
than a pump to move the water.
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EPA statistical analysis of data from water clarifiers at Gulf
of Mexico installations has shown that properly maintained gas
flotation units maintain long-term effluent averages of about 25
ppm oil. The only alternatives to discharging produced water at
sea after reducing oil content through state-of-the-art clarifiers
are disposal in injection wells or transportation to shore for per-
mitted disposal.

. Artificial Lift

As reservoir energy diminishes and wells stop flowing, artifi-
cial lift systems are required to maintain production. The most
common system is the artificial lift pumping unit illustrated in
Figure 20. The pumping unit is powered by an electric motor or
internal combustion gas engine. Steel rods (sucker rods) suspended
from the oscillating beam head reciprocate a plunger pump in the
tubing, located below the fluid level in the well.

Where sufficient gas is available, gas lift may be used. Gas
forced into the tubing-casing annulus is injected into the tubing
through gas lift valves below the fluid level of the well. Gas
mixing with the fluid lightens the total weight of the fluid column
to less than the reservoir pressure so that the well can flow to
the surface.

Other, less common artificial 1lift systems are hydraulic-
powered downhole plunger pumps and submerged electric motor-powered
centrifugal pumps. The most widely used artificial 1lift systems
offshore are gas lift and hydraulic pumps. Walking-beam pumps are
generally too bulky for offshore use. Submerged centrifugal pumps

are applicable to very large volume rates, usually where salt water
content is over 70-75 percent.

ITII. Production Maintenance

Many operations are performed on wells to maintain production
rates, extend productive life, and increase total hydrocarbon
recovery. Most operations need a well servicing rig and special-
ized services such as well stimulation, most of which are furnished
by contractors. The typical production well servicing rig has a
self-propelled carrier, drawworks, a swabline, and a mast that can
be raised with rig power and extended above the wellhead.

A. Artificial Lift Servicing

A well servicing rig is used to pull sucker rods to repair the
downhole pump or replace broken rods, which occur many times in the
life of a pumping well. During these jobs, paraffin deposited from
the o0il may be scraped from tubing walls or sand bailed from the
well. Occasionally, worn sections of tubing may be replaced. Gas
lift, hydraulic pumps, and submersible electric well pumps are also

pulled for repairs.

B. Workovers

Most 0il and gas wells require downhole servicing called work-
overs after completion. It is usually necessary to confine well
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pressure by filling the well with a weighted fluid and then pulling
the tubing with a well servicing rig.

Common workover jobs include reducing salt water or excessive
gas production from an oil well. Tubing or drill pipe is run in
the hole with a packer that is set to seal the casing annulus above
the perforations. Cement is then pumped down the tubing and
squeezed through the perforations. The packer is unseated and
excess cement washed out. After the cement has set, the well is
re-perforated higher or lower in the well (as indicated by examina-
tion of well logs) and the well is recompleted. Workovers may also
use stimulation procedures such as those described in the previous
section.

C. Sand Control

Some o0il and gas reservoirs are composed of unconsolidated
sandstones, which move with the produced oil and gas into the well
bore. This can erode valves and pipe fittings at the surface and
eventually stop flow by accumulation inside the casing. A Monel
metal wire screen wrapped around perforated pipe and set adjacent
to the producing formation used to be a common remedy. Gravel pack
and plastic consolidation are more effective modern methods.

For a gravel pack, a screened perforated pipe is run with a
packer above and set adjacent to the perforations. Graded coarse
sand (gravel) is pumped down the tubing, the annulus between the

screen and perforations is filled and some of the gravel is pumped
into the formation.

For a plastic consolidation, a liquid prepolymer is pumped
through the perforations, followed by a catalyst that causes the
plastic to solidify on the sand grains, cementing them together
without plugging the interstitial space. Plastic consolidation
reduces permeability, thus lowering producing rates.

D. Corrosion Control

Most of the corrosion onshore occurs on buried pipelines and
downhole well equipment. External corrosion of buried pipelines is
controlled by a heavy asphaltic wrapping or a tough extruded plas-
tic coat. Large pipeline gathering systems may also be protected
cathodically by imposing electric current. Internal corrosion of
flowlines (well to gas/oil separation) can be reduced by injecting
corrosion inhibiting chemicals at the well.

Corrosion of downhole rod pumping equipment can be very costly.
Corrosion-resistant materials are used in pump parts and, if corro-
sion is severe, corrosion inhibitors are injected into the well.

Gas wells may produce COp, which becomes corrosive when
dissolved in produced water. A corrosion inhibitor can be batch
injected into gas well tubing to reduce this type of corrosion.
Many high-pressure gas wells and certain crude oil wells produce
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some HS, which can cause hydrogen embrittlement cracking in very
hard, high tensile steels. Special alloy steel pipe, valves, and
fittings are used under these conditions.

Offshore platforms require special corrosion protection from
continuous exposure to salt water for many years. There are three
areas of exposure requiring differing protection:

® Atmospheric Zone -- This zone has the lowest corrosion rate
but is the most expensive to maintain. Many types of coat-
ings have been tried, leading to the use of high-quality,
heavy-bodied coatings. During construction, platforms are
sand blasted to white metal before coating. An effective
combination is an epoxy mastic over inorganic zinc. Addi-
tional repainting is required at the conclusion of develop-
ment drilling and subsequently at five- to eight-year in-
tervals.

@ Splash Zone —-- This zone is kept wet by wave action and is
above the area that can be cathodically protected. Non-
corrosive coverings applied to the splash zone include
wrought iron, fiberglass, stainless steel, and Monel.
Modern platform designs aim at minimizing the platform area
in the splash zone.

e o zone -- Although the bulk of a platform in deep
water is immersed, this part is the simplest to protect.
Cathodic protection is provided by sacrificial galvanic
anodes or impressed current systems, which use generator-
rectifier units and special anodes to resist deterioration.

E. Primary Recovery

0il reservoirs are not caverns or immense underground pools.
Accumulations of oil occur in the pore space between grains in
sandstone or in the very fine pores and fractures in limestone.
Petroleum source beds are usually the nearby shale formations from

which the o0il and gas migrated upward into the porous rock where it
was trapped by a less permeable barrier.

The volume of o0il in a reservoir that can be produced by
primary methods (flowing and artificial 1lift) varies greatly with
many factors. The most important are:

® Permeability (ability to pass fluid)

@ Porosity (percent pore space)

@ Viscosity (thickness) of the oil

® Reservoir energy (fluid expansion, gas cap, or underlying
water reservoir).

0il clings to sand grains by surface tension, which increases
with oil viscosity and smaller grain size. Also, as water invades
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an oil zone or gas bubbles accumulate in the pore space, the rock
pores become less permeable to oil; i.e., the oil tends to stay in
the pore space and not move into the well bore. The whole technol-
ogy of oil recovery has the objective of moving as much oil as is
economically possible into the well, where it can flow or be pumped
to the surface.

Reservoir oil contains some dissolved gas. As o0il is produced,
reservoir pressure is reduced by fluid expansion, allowing part of
the gas to come out of solution in the formation, thus increasing
0il viscosity and impeding flow.

Reservoirs containing only oil (fluid expansion drive) rapidly
decrease in productivity as reservoir pressure declines, causing
very low primary recovery. Reservoirs with associated gas caps
have longer flowing lives and higher primary recovery volumes, but
higher gas-to-o0il producing ratios. Water drive fields are
underlain with formation water in contiguous permeable rock. The
natural water drive comes from the expansion of reservoir water
volumes much larger than the oil reservoir, resulting in the
highest o0il recovery of the three primary mechanisms. As water
invades the o0il zone, large volumes are produced with the oil,
usually requiring artificial lift and always causing a water
disposal problem.

B Pressure Maintenance and

To lengthen the flowing life of o0il wells and to increase re-
covery, pressure maintenance may be started early in the life of a
field. Gas produced with the o0il and not used for surface opera-
tions is injected into the producing formation, usually at the
crest, to maintain pressure and gravitational segregation. After
treatment, seawater, produced water, or water from source wells may
be injected below the 0il zone.

Many oil fields that were produced to pressure depletion became
economically marginal. They have been restored to production and
recoverable reserves substantially increased by secondary recovery
methods.

The earliest secondary method was repressuring with extraneous
natural gas, transported from a nearby gas field. Due to the
present value of gas, some gas injection projects for pressure
maintenance and secondary recovery use part of the gas in internal
combustion engine driven compressors and inject the exhaust (inert
gas) into the reservoir.

The most widely used secondary recovery method is water flood-
ing. A grid pattern of wells is established, which usually re-
quires downhole repairing of old wells and drilling of new wells.
By injecting water into the reservoir at high rates, a front or
wall of water moves horizontally from the injection wells toward
the producing wells, building up the reservoir pressure and sweep-
ing oil in a flood pattern. Water flooding has substantially
improved oil recovery from reservoirs that had little or no remain-
ing reservoir pressure.
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G. Enhanced 0il Recovery

Enhanced oil recovery (EOR) is also called "tertiary recovery"
when it follows a secondary recovery program. In a broader sense,
EOR may be referred to as any method following primary depletion.
After primary and secondary economic depletion, oil reservoirs
still contain significant volumes of oil. The 1976 National
Petroleum Council (NPC) report, Enhanced 0Oil Recovery, states:

While recovery in individual reservoirs is highly variable,
the average recovery from conventional primary and secondary
recovery methods in all U.S. reservoirs is expected to be
only about one-third of the original oil in place, leaving
nearly 300 billion barrels in currently known reservoirs.

A portion of this remaining o0il is a target for enhanced oil
recovery. The rest exists in unfavorable geological or
geographic regions or is so diffusely spread out in the
reservoir rock that it very likely will not be recoverable by
any process.

There are three general classifications of EOR: thermal, CO3
miscible flooding, and chemical flooding. Of these, only one of
the thermal methods (steam flooding) has had several large-scale
commercial applications. Thermal processes add heat to the reser-
voir to reduce oil viscosity or to partially vaporize the oil so
that it can be more easily driven to producing wells.

Steam injection has been applied for several years in
California heavy o0il reservoirs, usually in two separate steps:
steam stimulation of producing wells, and then steam drive from
injection wells to nearby producing wells. During the first stage,
called "huff and puff,” or "steam soak," steam and hot water are
injected into a producing well for several days or weeks. The well
is shut in for several days, and then produced for several weeks or
months. The injected heat lowers the viscosity of the oil while
the hot water flashes to steam, providing driving energy. "Huff
and puff" may be followed by a steam drive.

In situ (within the reservoir) combustion has also been
extensively field tested. Heat is generated in the reservoir by
injecting air and burning part of the crude o0il in the formation.
This reduces the viscosity, partially vaporizes the oil in place,
and drives it forward by a combination of steam, hot water, and gas
drive. Production is from wells near injection locations. In some
applications, water and air injections are alternated. The in-
jected water can improve utilization of heat by moving it forward
from the rock immediately behind the combustion zone.

There are several CO) displacement projects in various stages
of operation. COp is capable of miscibly displacing some oils,
thus permitting recovery of most of the o0il from the reservoir rock
that is contacted. Miscible displacement (complete solubility of
fluids) overcomes the capillary forces (surface tension) that
otherwise retain oil in pores of the rock. The COp is not ini-
tially miscible with the oil, but as the two contact each other at
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increasingly higher pressures some of the hydrocarbons of the crude
0il are vaporized. At the displacement front, the resulting mix-
ture becomes miscible with both the COy and the in situ oil.

Large volumes of COp are required for this process. During
later stages, water or inert gas may be injected behind the COj
to maintain pressure and provide displacement energy. Increasing
amounts of COjp will be produced with the o0il and must be sepa-
rated for reinjection or disposal.

Chemical flooding is the most complex and has the highest de-
gree of commercial and technological uncertainty of the EOR pro-
cesses, yet may have the greatest potential for maximum recovery.
Various systems have been extensively pilot tested and there are
several full-size field applications underway. The three general
types of chemical floods are: surfactant (surface tension reducing
agent), polymer (organic chemical), and alkaline.

Surfactant flooding is a multiple slug process, involving the
addition of surfactants to a water volume representing only a small
fraction of the total reservoir volume. When this small "slug" is
injected it lowers the interfacial tension between the oil and
water, thereby improving displacement efficiency. The surfactant
is followed by a larger slug of water containing a high-molecular-
weight polymer to improve sweep efficiency and preserve the integ-
rity of the costly slug of surfactant chemicals. Surfactant
systems must be designed for the unique fluid and rock properties
of the specific reservoir and are pilot tested to evaluate
effectiveness.

Polymer injection augments water flooding. Polymers used are
synthetic (polyacrylamides) and biologically produced (poly-
saccharides). These high-molecular-weight polymers are added to
thicken injected water, decreasing its mobility, increasing sweep
efficiency, and thus increasing recovery. The process may be used
with higher viscosity oils than are feasible for the surfactant
process, but the potential additional recovery above conventional
water flood may be modest. Polymer flooding is being used commer-
cially on a limited scale.

Alkaline flooding adds chemicals such as sodium hydroxide,
sodium silicate, and sodium carbonate to flood water to enhance
recovery by interfacial tension reduction, spontaneous emulsifi-
cation, or wetability alteration. These mechanisms occur when
surfactants are formed from the neutralization of petroleum acids
by the alkaline chemicals. Alkaline flooding is applicable
primarily to recovery of moderately viscous, low API gravity,
naphthenic type crude oils, which normally contain enough natural
petroleum acids for the process. Alkaline flooding has had less
field testing than the surfactant and polymer systems.

H. Abandonment

When production operations are permanently abandoned, surface
equipment and materials are removed or left in place in accordance
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with surface owners' agreements and regulatory requirements. Sur-
face owners may request that improvements such as roads and water
wells be left intact. Small buried pipelines (well flowlines) may
be salvaged or left in the ground. The degree of surface restora-
tion will vary with the location. When a fixed platform offshore
is abandoned, all piling and well casing is removed to a depth of
15 feet below the ocean floor and the area dragged to clear the
site of obstructions. All wells permanently abandoned are left in
a condition to prevent communication between any water- and
hydrocarbon-bearing zones penetrated by the well bore.

If a well has been produced, the tubing is pulled and salvaged.
Production perforations or open hole are covered with a cement plug
extending up into the casing. The wellhead is salvaged and the
production casing and the intermediate casing strings may be cut
above the annular cement and salvaged. If the casing strings are
pulled, cement plugs are set to overlap the cut casing top, leaving
cement to extend above and below the cuts. If more than one casing
string extends to the surface (surface casing and conductor
casing), cement is pumped down the annulus between the two strings.
The last cement plug is set in the smallest casing string that
extends to the surface and is placed with the cement top near the
surface.

The length of each cement plug set in an abandoned well will
vary with the well and applicable regulatory requirements. After
each plug is placed, drilling fluid is circulated above the plug
and weighted such as to overbalance formation pressure behind the
casing at that point.

The final step in abandonment is to cut off the surface and
conductor casing at an appropriate depth below the surface. On
land locations, this is usually below plow depth in farming areas
or six feet in urban areas, in accordance with applicable requla-
tions. After cutoff on land, a plate is usually welded on top of
the casing for a seal and a small high-pressure valve installed for
later determination if gas pressure has accumulated. The hole
above the well is then filled and tamped.

If a reserve pit was used to store well cuttings and excess
drilling fluid, the clean water may be drained off or the drilling
fluid pumped into the surface casing annulus if allowed by
applicable regulations. After the remaining mud and cuttings are
dried, the reserve pit dikes are leveled, and the mud is scattered
and plowed under, or moved to an approved disposal site. Mud and
cuttings disposal is discussed in the Environmental Considerations
section of this chapter. Usable drilling fluid is valuable and is
usually moved by tank truck to another drilling site or to an
approved storage site.

NATURAL GAS PROCESSING

Economically recoverable natural gas occurs in petroleum
reservoirs either dissolved in the crude oil, as a gas cap above
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the 0il, or as a gas trapped in a reservoir not associated with
0il. The raw gas from these three sources can be gathered for
processing to extract products to be marketed as liquefied

petroleum gas (LPG) and natural gasbline as shown in Figure 21.

When petroleum reaches the surface and discharges into a gas/
0il separator at reduced pressure, most of the gas dissolved in the
0il will be released. When gas well production expands into a
gas/o0il separator, part of the heavy hydrocarbons that may have
been in the gas phase in the reservoir will condense and separate
as a liquid, called condensate.

All formation gas contains some water in solution. When pres-
sure is partially released at the surface, causing a rapid drop in
temperature, the entrained water can combine with the gas to form
solid hydrates, which can plug a gathering line. Dehydration units
are usually installed in the field to dry the gas sufficiently to
prevent hydrate formation by low-temperature separation, glycol
contact, or dry desiccant.

If the produced gas is sour (containing HyS and/or COj),
these contaminants must be removed before processing or marketing.
This removal is usually accomplished by chemical absorption, with
amine or potassium carbonate. The process is reversible, the
chemicals being regenerated and re-used. The CO) residue can be
discharged and the H2S may be flared, forming sulfur dioxide
(SO2). 1If SOp flaring is not permissible, it can be converted
to elemental sulfur for sale or disposal.

Natural gas contains a mixture of hydrocarbon molecules,
identified by the number of carbon atoms in the molecule. The
lightest is methane (Cj), with a gas specific gravity of 0.55,
and the heaviest is decane (Cjg), with a gas specific gravity of
4.91. However, hydrocarbons above the C2-C3 range comprise a
very small percentage of "natural gas" even though hydrocarbons of
greater than Cjg can be found in isolated areas. Each has a dif-
ferent specific gravity and boiling point, which permits separation
by fractional distillation. The percentage of each component in a
raw gas stream may vary widely. Some produced gas does not have
enough heavy components to justify separation.

There are approximately 770 gas processing plants in the United
States, of which over 70 percent are in Texas, Louisiana, and
Oklahoma. Commercial natural gas processing plants are designed to
extract part of the ethane (Cy) and heavier components for sale
as liquids, leaving the methane and part of the ethane for sale as
gas. The gas sold usually has a heating value of approximately
1,000 British thermal units (Btu) per standard cubic foot, which is
the historical base for gas contracts. The LPG recovered may be
sold to a refinery as a feedstock or fractionated into commercial
LPG products and natural gasoline. The flow of natural gas through
processing is shown in the simplified diagram in Figure 21.

It is neither practical nor necessary to separate LPG exactly

into the basic components. The products are sold subject to Natu-
ral Gas Processor Association standards and contract specification,
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which allow for some tolerance in components. The usual products
produced by a fractionating plant are:

Atmospheric Pressure

Product Boiling Point (°F)
Ethane -128
Propane - 44
Isobutane all 1!
Normal Butane 31
Pentane and Heavier 82-250

The pentane and heavier product with some butane is commonly called
natural gasoline, which can be stored at atmospheric pressure in
tanks.

Conventional gas processing plants extract LPG from the raw gas
stream by absorption in a light refined o0il or by cryogenic separa-
tion. The raw gas enters the bottom of a tower equipped with
several levels of trays with bubble caps. While the gas passes up-
ward and out the top of the tower, the lean absorber oil is pumped
in the top, spilling from tray to tray where it intimately contacts
the rising gas, absorbing all except the methane and part of the
ethane and propane. Gas leaving the top is called residue gas and
is ready for sale after dehydration.

Conventional absorption plants operating at 90° to 100°F re-
cover up to 85 percent of the propane but very little ethane. When
economically justifiable to reduce the lean oil temperature, about
15 percent of the ethane can be recovered at 0°F and 60 percent at
-45°F, Modern turbo-expander plants operating as low as -130°F can
recover 50 to 90 percent of the ethane.

The liquid drawn from the absorber is now a rich oil containing
a small amount of methane, which must be removed before being car-
ried over into the LPG products. The methane present in the dis-
tillate is removed by flashing the distillate back to gas, then
condensing at a temperature that will not capture methane. This
process is called demethanizing.

The product is now marketable as "raw make." If the plant mar-
kets the usual LPG products and natural gasoline, the raw make is
passed through a series of fractionation towers, each successively
removing a light component as shown on the next page.

These fractionation steps are identical except for variations
in tower temperature gradient and temperature of the overhead con-
denser. Feedstock is injected into the side of a tower, which is
maintained with a temperature gradient from hotter at the bottom to
cooler at the top. Liquid drawn from the bottom of the tower is
heated to above the boiling point of the product to be removed and
the vapor injected back into the tower where it rises and goes out
the top. The leaving vapor goes through a condenser, which cools
it below the boiling point of the heavier components, which are
pumped back into the tower near the top. The lighter fraction is

102



thus separated,

condensed, and pumped to a pressure vessel for

storage and sale for fuel or petrochemical feedstocks. The heavier
bottom product passes to the next fractionator until the final
residue is pentane and heavier (natural gasoline), which is a

refinery feedstock.

_ Product
Fractionator Feedstock Top Bottom
De-ethanizer Raw make or Ethane Propane and

LPG heavier
Depropanizer Raw make or Propane Butane and
de-ethanized heavier
propane and
heavier
Debutanizer Depropanized Butane mix Pentane and
butane and heavier
heavier

(natural gasoline)

De-isobutanizer Butane mix Isobutane Normal butane

The minimum area required (and spacing requirements) for gas
processing facilities is dictated by safety requirements. These
requirements are described in the Industrial Risk Insurer's 1978
publication, Recommended Guidelines for Gasoline Plants. A small
gas field, where separators, dehydration, compression, and salt
water disposal are required but gas processing is not justified,
needs about seven acres for these facilities. A full scale
processing plant for absorption and fractionation requires about
40 acres.

Air emissions from a natural gas processing plant are primarily
products of combustion from heaters, internal combustion engines,
and sulfur recovery processes. Plants are provided with flares for
safely disposing of gas or liquid products during an operational
upset when pressure vessels must be relieved suddenly. On these
rare occasions, flares may burn with a visible flame.

Normal plant operation requires few water discharges. Some
plants have water from cooling tower bottoms for disposal. If the
full unseparated stream from gas wells flows to a plant, there may
be produced water for disposal. Wastewater sources and disposal
are discussed in the Environmental Considerations section of this
chapter.

Normal plant operations generate a wide variety of solid
wastes. Disposal may be by incineration, land fill burial, or
commercial disposal.

The 1975 American Petroleum Institute (API) Division Qf
Production publication, Recommended Gas Plant Good Operating
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Practices for Protection of the Environment, is a composite of
recommended industry onshore gas processing plant operating
practices for protection of the environment. Plant processes and

storage facility recommendations are described in the appendices to
that publication.
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U.S. RESOURCE BASE

The question of the amount of domestic o0il and gas that remains
to be produced can be a source of confusion and apparent contradic-
tion. Many companies, private groups, and government agencies
publish estimates of the remaining domestic petroleum resources,
each attempting to accurately represent the nation's untapped
petroleum resources. Each estimate may be valid, for each may be
measuring different things. An estimate may attempt to answer a
question as narrow as the extent of proven reserves, or as broad as
the amount of original oil in place. While two such figures would
vary significantly (probably by an order of magnitude), each would
be valid in terms of what is being estimated.

A number of independent assessments of differing resource clas-
sifications, all considered components of the total U.S. resource
base, are presented in this section. The NPC presents these esti-
mates as indicative of the many objective and impartial estimates
of the total U.S. resource base, but their inclusion does not
denote NPC endorsement. Further discussion of the potential
Alaskan reserves is found in the NPC's 1981 report, U.S. Arctic 0il
and Gas.

CONVENTIONALLY PRODUCIBLE OIL AND GAS

In a 1981 report entitled Estimates of Undiscovered Recoverable
Resources of Conventionally Producible 0il and Gas in the United
States, A Summary, the USGS estimated undiscovered recoverable
resources for 15 petroleum regions (11 onshore and four offshore)
in the lower 48 states and Alaska (see Figure 22). Undiscovered
recoverable resources, by USGS definition, can be extracted econom-
ically under existing technology and price/cost relationships --
that is, assuming normal, short-term technological growth.l
These resources are indicated by the shaded area on Figure 23. The
other classifications of petroleum resources not assessed in the
USGS study include the following:

® Measured reserves: " ... that part of the identified re-
source which can be economically extracted using existing
technology, and whose amount is estimated from geologic
evidence supported directly by engineering measurements."

@ Indicated reserves: " ... reserves that include additional
recoveries from known reservoirs (in excess of measured
reserves) which engineering knowledge and judgment indicate
will be economically available by application of fluid
injection whether or not such a program is currently
installed."

@ Inferred reserves: " ... reserves in addition to demon-
strated reserves eventually to be added to known fields
through extension, revisions, and new pays."
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0 500 KILOMETERS

Region 1,  Alaska;

Region 1A, Alaska Offshore;

Region 2,  Pacific Coast;

Region 2A, Pacific Coast Offshore;

Region 3, Colorado Plateau and Basin and Range;
Region 4, Rocky Mountains and Northern Great Plains;
Region 5, West Texas and Eastern New Mexico;
Region 6,  Gulf Coast;

Region 6A, Gulf of Mexico;

Region 7,  Mid-continent;

Region 8,  Michigan Basin;

Region 9, Eastern Interior;

Region 10, Appalachians; 1
Region 11, Atlantic Coast;

Region 11A, Atlantic Coast Offshore.

Water depth greater
than 25,000 meters

Figure 22. Maps Showing the Regional Boundaries Used by the U.S. Geological Survey.

NOTE: The United States has not resolved its offshore boundaries with other states concerned. The lines on this chart are for
purposes of illustration only, and no not necessarily reflect the position or views of the United States with respect to the
boundary involved.

SOURCE: U.S. Geological Survey, Estimates of Undiscovered Recoverable Resources of Conventionally Producible Oil and Gas
in the United States, A Summary, February 1981.
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Figure 23. Petroleum Resource Classification (Modified from U.S. Bureau of Mines
and U.S. Geological Survey, 1980).

SOURCE: U.S. Geological Survey, Estimates of Undiscovered Recoverable Resources of Conventionally Producible Oil and Gas
in the United States, A Summary, February 1981.

e Identified sub-economic resources: " ... known resources
that may become recoverable as a result of changes in tech-
nological or economic conditions."

® Sub-economic undiscovered resources: " ... quantities of a
resource estimated to exist outside known fields on the
basis of broad geologic knowledge and theory."

USGS defined crude o0il as a mixture of hydrocarbons occurring
in an underground reservoir in a liquid state and remaining in a
liquid state as it is produced from wells. Natural gas was defined
as a mixture of hydrocarbons occurring in an underground reservoir
either in association with crude o0il or as free gas dissolved in
crude 0il, or in a free state not associated with crude oil. Heavy
0il deposits, tar sands, oil shale, tight gas sands, gas occluded
in coal, gas in geopressured shales and brines, and natural gas
hydrates were not included in the USGS assessment.

USGS subdivided the 15 petroleum regions into 137 provinces.
Assessments of each province were based on a review of the pro-
vince's petroleum geology, exploration history, volumetric-yield
procedures, finding-rate studies, and structural analyses. Because
of the uncertainties involved in estimating undiscovered resources,
USGS used a range of values corresponding to different probability
levels. 1Initial assessments were made as follows:

@ A low resource estimate corresponding to a 95 percent prob-

ability of more than that amount; this estimate is the 95th
fractile (Fgsg).
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@ A high resource estimate corresponding to a 5 percent prob-
ability of more than that amount; this estimate is the 5th
fractile (Fg).

e A modal ("most likely") estimate of the quantity of resource
associated with the greatest likelihood of occurrence.

The results of the USGS assessment demonstrated a range of con-
ventionally producible undiscovered oil and gas resources for the
United States. The 95 percent probabilities for crude oil and
natural gas are 64.3 billion barrels and 474.6 trillion cubic feet
(TCF), respectively, whereas the 5 percent probability values are
105.1 billion barrels and 739.3 TCF of gas (see Table 16). The
USGS's most likely estimates indicate total onshore undiscovered
recoverable resources of 54.6 billion barrels of crude oil and
426.9 TCF of natural gas, and a total offshore resource base of
28.0 billion barrels of crude oil and 167.0 TCF of natural gas.

The mean total amount of oil appraised for the entire United States
and its offshore areas changed very little from the 1975 USGS
assessment, whereas the estimated total for natural gas has
increased.

The NPC conducted an independent assessment of oil and gas
resources for all areas in Alaska under U.S. jurisdiction north of
the Aleutian Islands offshore, and north of the Brooks Range
onshore. The NPC estimates the volume of undiscovered potentially
recoverable hydrocarbons on the North Slope of Alaska to be 12.8
billion barrels of o0il equivalent (BBOE), and from the Bering,
Beaufort, and Chukchi regions offshore to be 30.8 BBOE. While
these estimates are not strictly comparable [e.g., USGS excludes
natural gas liquids (NGL) and in some instances USGS and the NPC
considered different minimum field sizes], there is general
agreement between the NPC and USGS on total Arctic potential.
Details of the NPC's assessment are published in its 1981 report,
U.S. Arctic 0il and Gas.

Besides those resources that are presently economical, un-
discovered, and recoverable, there are other classifications of oil
and gas. The marginally economic and sub-economic categories of
undiscovered resources add a considerable amount to the estimates
of the U.S. resource base. Tight gas reservoirs and enhanced oil
processes are two examples of the latter classification and are
discussed below.

TIGHT GAS RESERVOIR POTENTIAL

In 1980 the NPC completed an assessment of potential resources
and recovery for tight gas reservoirs (Unconventional Gas Sources
-- Volume V). The NPC appraised in detail 12 basins, which con-
tained natural gas in either blanket or lenticular formations, with
an in situ effective permeability of less than one millidarcy.
Until recently, most of these formations have been uneconomical to
produce due to the low natural flow rates of the gas. Nonetheless,
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TABLE 16

Estimates of Undiscovered Recoverable 0Oil
and Gas Resources by Petroleum Region¥

Crude 0il Natural Gas
(Billion Barrels) (Trillion Cubic Feet)
Low High Low High
Petroleum Fogsgt Fg__ Mean Fogt Fg_ Mean
Onshore Regions
- Alaska 2.5 14.6 6.9 19.8 62.3 36.6
2 - Pacific Coast 2.1 7.9 4.4 8.2 24.9 14.7
3 - Colorado Plateau,
Basin and Range 6.9 26,9 14.2 53.5 142.4 90.1
4 - Rocky Mountains and
Northern Great Plains 6.0 14.0 9.4 29.6 69.0 45.8
5 - West Texas and Eastern
New Mexico 257 9.4 5.4 22.4 75.2 42.8
6 - Gulf Coast 3.6 12.6 7.1 56« 5 249.1 124.4
7 - Mid-Continent 2.3 7.7 4.4 22.9 80.8 44.5
8 - Michigan Basin 0.3 2.7 1.1 1.8 10.9 5.1
9 - Eastern Interior 0.3 1.9 0.9 1.2 5.0 2.9
10 - Appalachians 0.1 i 5 0.6 6.4 45.8 20.1
11 - Atlantic Coast (0).%1) 0.8 0.3 <0.1 0.4 0.1
Total Onshore 41.7 71.0 54.6 322.5 567.9 426.9
Offshore Regions (Shelf and Slope)
1a - Alaska§ 4.6 24.2 12/.8 33.3 109.6 64.6
2A - Pacific Coast 1.7 7 3.8 3.7 13.6 6.9
6A - Gulf of Mexico B il 11.1 6 5 41.7 114.2 71.9
11A - Atlantic Coast 1.1 12. 5.4 9,2 42 .8 23.6
Total Offshore 16.9 43.5 28.0 117.4 230.6 167.0
TOTAL UNITED STATES 64.3 105. 1 82.6 474.6 739.3 593.9
LOWER 48 ONSHORE 36.1 62.0 47.7 288.6 525.9 390.3
LOWER 48 OFFSHORE 8.7 25.1 15.8 66.1 148.2 102.4
*Totals may not add due to rounding.
*ng denotes the 95th fractile; the probability of more than the amount Fgg is 95
percent. Fg is defined similarly.
Includes quantities considered recoverable if technology permits their exploi-

tation beneath Arctic pack ice -- a condition not yet met.

SOURCE: U.S. Geological Survey, Estimates of Undiscovered Recoverable Resources of
Producible 0il and Gas in the United States, A Summary, February 1981.
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these 12 basins account for 35 percent of the total U.S. area
(lower 48) thought to contain prospective tight gas. Estimates
from these detailed appraisals were then extrapolated to the
remaining 65 percent of the U.S. land area, to estimate the total
tight gas resource base potential in the lower 48 states.

The study calculated resource and recovery estimates at five
gas prices, three rates of return, and two levels of technology --
a base case (current technology) and an advanced technology case.
The results of the assessment indicate a range of between 192 TCF
and 574 TCF of tight gas as recoverable, depending upon price and
technology (see Table 17). The potential additions to the con-
ventional reserve base are almost equally affected by price and/or
technology changes.

TABLE 17
U.S. Tight Gas Resource and Recovery Estimates

and Areas)
(Lower 48 States)

Appraised Extrapolated

(12 Basins) (101 Basins) Total*
Prospective Area (Sections) 359,500 655,000 1,014,500
Productive Area (Sections) 53,000 68,500 121,500
Total Gas in Place (TCF) 444 480 924
Maximum Recoverable (TCF) 293 315 608
Base Technology --
Recoverable (TCF)*
@ $2.50/MCF 97 95 192
$5.00 165 200 365
$9.00 189 215 404
Advanced Technology =--
Recoverable (TCF)*
@ $2.50/MCF 142 189 331
$5.00 231 272 503
$9.00 271 303 574

*Totals may not add due to rounding.
t1s percent discount rate of return and constant January 1,
1979, dollars.

SOURCE: National Petroleum Council, Unconventional Gas
Sources, December 1980.
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ENHANCED OIL RECOVERY POTENTIAL

In 1978 the Office of Technology Assessment (OTA) issued a
report entitled Enhanced Oil Recovery Potential in the United
States. By definition, o0il recovered by enhanced techniques in-
cludes o0il from a petroleum reservoir that cannot be economically
recovered by conventional primary and secondary techniques. EOR
methods include in situ combustion, steam injection, CO2 miscible
flooding, surfactant/polymer flooding, and polymer-augmented
waterflooding.

OTA's assessment was based on a reservoir-by-reservoir analysis
of the anticipated performance of EOR processes. The data base
used was composed of 385 o0il fields in 19 states, including 24
offshore fields, and contained 52 percent of the known remaining
0il in place in the lower 48 states. National (lower 48) totals
were extrapolated on the basis of state-by-state assessments.

OTA applied various price scenarios to EOR processes in de-
veloping its assessment. Because of the great increase in world
0il prices since the study was completed, the results of the
highest price per barrel should be emphasized. At the $30 per
barrel case, about 49.2 billion barrels were considered recover-
able, assuming high process performance (see Table 18). This
estimate is about 96 percent of the 51 billion barrels presumed by
OTA to be technologically recoverable, and again demonstrates the
importance of price as well as technology in developing the total
U.S. resource base.

TABLE 18
Estimates of Ultimate Recoverable 0il and Daily

Production Rates from Enhanced Oil Recovery
(Advancing Technology Case with 10 Percent

Minimum Rate of Return)
Ultimate
Recovery* Production Rates
Price (Billions (Millions of
Per Barrel of Barrels) Barrels Per Day)
1985 1990 2000
High-Process Performance
Upper Tier $11.62 21.2 1.1 2.9
world 0il $13.75% 29.4 {7 5.2
Alternate Fuels s22.00% a1.6 2.8 8.2
Hypothetical $30.00 49.2
More Than $30.00 51.1
Low-Process Performance
Upper Tier $11.62 8.0 0.4 0.5 1.1
World 0il $13.75 1.1 05 0.7 1.7
Alternate Fuels $22.00 25.3 0.9 1.8 5.1

These figures include 2.7 billion barrels from enhanced oil recovery
processes that are included in the API estimates of proved and indicated
reserves.

t$13.75 is the January 1977 average price ($14.32 per barrel) of foreign
oil delivered to the East Coast, deflated to July 1, 1976.

$22.00 per barrel is the price at which the Synfuels Interagency Task
Force estimated that petroleum ligquids could become available from coal.

Yproduction rates were not calculated for oil at prices of $30 per
barrel or higher.

SOURCE: Office of Technology Assessment, Enhanced Oil Recovery Potential
in the United States, 1978.
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ENVIRONMENTAL CONSIDERATIONS

The major environmental issue confronting oil and gas explora-
tion and development in the 1980's concerns adequate access to
government lands. In order to develop the nation's oil and gas
resources, the industry must first be allowed access to the land to
determine the extent of the resources and, if they are economic, be
permitted access to develop those resources in an environmentally
acceptable manner. The following discussion describes the land
use, access, and permitting issues and the exploration and produc-
tion segments' air, water, and waste management considerations.

This report does not directly address the socio—-economic issues
associated with exploration and production activities. These
issues are indeed important, but, as they vary significantly from
site to site, are beyond the scope of this report.

LAND —-- ONSHORE
I. Land Access, Land Withdrawals, and Land-Use Planning

A. Historical Perspective on Federal Lands

The federal government currently owns nearly 728 million acres
of onshore land in the United States, about a third of the nation's

total land area of 2.3 billion acres (see Table 19). The vast
majority of federal land is located in the 11 western states and

TABLE 19
Acres of Land by Federal as of June 1, 1981%*
Percentage of
Millions Total U.S.
Agency of Acres Onshore Land
Department of the Interior
Bureau of Land Management 338.0 16.9
Fish and Wildlife Service 85.0 4.5
National Park Service 70.6 35
Department of Agriculture
Forest Service 190.0 9.5
Department of Defense 35.0 1.7
Other Agencies 10.0 0.5
Total 727.6 36.6

*Source of data: Environmental Policy Center et al., Minerals .
the Public Lands, 1981.
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Alaska (see Figure 24). These lands include the remainder of the
original public domain, lands acquired by the federal government,
and land where the subsurface mineral rights were retained by the
government when the land was sold to private interests. 1In addi-
tion, the federal government retains mineral rights to over 60
million acres of state and private land. While government land is
managed by 68 federal agencies, departments, and bureaus, most of
the land is controlled by the Departments of the Interior, Agri-
culture, and Defense.

Historically, government actions promoted access to this
territory for settlement and resource development. The initial
federal land policy was to:

...make public lands generally available for disposal
--for agricultural settlement, for mineral development
as grants to the states for various purposes, and to
entrepreneurs willing to provide the public improvement
to develop the West. The withdrawal or reservation of
public lands was the only way in which land disposals
could be controlled in a planned way.

During the 19th century Congress enacted many statutes
authorizing withdrawal of specific lands from the
operation of these disposal laws. Additionally, many
other withdrawals and reservations were consummated by
the Executive both with and without explicit statutory
authorization.?

Historical and statutory precedent notwithstanding, certain
Congressional and Executive Branch actions have served to restrict
access to government lands. A major impediment to access for re-
source assessment of possible development has been the withdrawal
of government lands through the operation of the various public
land laws.

Withdrawal of government lands

...means to withhold them from settlement, sale, or entry
under some or all of the general land laws for the pur-
poses of maintaining the status quo because of some exi-
gency or emergency, to prevent fraud, to correct surveys
of boundaries, to dedicate the lands to an immediate or
prospective public use, or to hold the land for certain
future action by the executive or legislative branch of
government.3

Withdrawals of government land can take a variety of forms and
have varying degrees of operation. Some of these are:

@ Federal statutes dedicating the land to specific uses, such

as the creation of a national park or wilderness area (de
jure)
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@ Congressionally delegated withdrawal authority given to the
Executive Branch for specific purposes, such as reclamation
and power projects or for the preservation of land for his-
torical or scenic purposes, or for nonconservation purposes
such as Department of Defense facilities (de jure)

® Executive Branch assertion of an implied authority to
withdraw land for special purpose use and/or for study
purposes (de facto).

@ Judicial review resulting in delay (de facto).

Two major reports completed in the 1970's concluded that it
was impossible to determine how much land has been withdrawn, re-
stricted, or made unavailable to mineral entry or leasing de jure
and de facto.? The absence of accurate records within the fed-
eral agencies, and their failure to act on permit applications,
which become withdrawals in fact, has made de jure and de facto
determinations difficult.

The shift of administrative control of lands from agencies with
multiple-use management policies to agencies with single or
restrictive land-use policies has also had an impact on land with-
drawal. Both the Bureau of Land Management (BLM) and the U.S.
Forest Service have broadly defined multiple-use mandates such that
these agencies exhibited a net loss in total acreage managed during
the 1958-1978 period. BLM historically transfers control of such
lands to other agencies once certain parcels have been classified
for specific, restricted use. Such interagency assignment actions
may remove more federal lands from eventual access. For example,
lands managed by the National Park Service are withdrawn almost
entirely from the operation of mineral laws by statute.® Land
managed by the Fish and Wildlife Service (FWS) is severely re-
stricted by agency policy, with exceptions made only where o0il and
gas resources would be subject to subsurface drainage by operations
on adjacent tracts not controlled by FWS.®

B. Authority and Mechanisms for Federal Land-Use Planning
1. Constitutional Authority

The underlying authority for Congressional jurisdiction over
the disposition of lands in the public domain is granted by the
Constitution (Article IV, Section 3, Clause 2). Congress has
delegated certain authority for withdrawals to the Executive Branch
by statute; two examples are the Reclamation Act of 1902 and the
General Withdrawal Act.’ Further, the Executive Branch has
assumed certain implied authority as the basis for some with-
drawals.®8 Although the Secretaries of Agriculture and the
Interior were given wide-ranging authority for the multiple-use
management of government lands by the Multiple-Use and Sustained-
Yield Act of 1960 and the Multiple-Use Act of 1964, Congress
retained exclusive power over withdrawals for nondevelopment
purposes, such as national parks and wilderness areas.
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2. Legislative Authority and Agency Land-Use Planning

a. Forest Service

Over the years, the courts have generally held that the Organic
Act of 1897 gives the Forest Service fundamental authority to man-
age all national forest lands. Today, the Forest Service manages
the National Forest System, which includes National Forests,
National Grasslands, Land Utilization Projects, and Purchase Units.

The 1960 Multiple-Use and Sustained-Yield Act gave the Forest
Service its first cohesive planning mandate, followed by the Forest
and Rangeland Renewable Resources Planning Act in 1974. 1In 1976
the Resources Planning Act was amended by the National Forest Man-
agement Act, which set forth the process by which land and resource
management planning should be conducted. In 1979, final rules and
regulations were promulgated, providing the Forest Service state-
ment of intentions for implementing the 1974 and 1976 statutes.

The statement of intentions for Forest Service planning involves
three levels: national, regional, and individual forest plans. By
statute, plans at all levels must be in effect by 1985.

@ The national plan includes an analysis of the uses of, sup-
ply of, and demand for natural resources. National goals
and objectives are formulated as a range of outputs, which
are then reassigned to regions and incorporated into re-
gional plans. The national resource plan, called the Re-
newable Resource Program, sets forth a 40-year program; it
must be revised every five years, commencing in 1980.

® Regional plans respond to the direction of the national
program. Issues and concerns are formulated and alternative
strategies developed, together with standards and guidelines
for various resources and activities. The broad national
targets are allocated through the region to individual
forests. Regional plans are presently being developed and
published.

e Forest plans respond to regional directives with consider-
ation for local supply and demand, economic efficiency,
community stability, and potential environmental effects.
There are approximately 154 national forests for which land
management plans are being prepared.

Applications for petroleum exploration and development must
first be evaluated by the Forest Service to determine if the lands
are available (not formally withdrawn or involved in a land ex-
change). Existing land management plans are consulted to determine
appropriate stipulations, such as compatibility with existing uses,
control of adverse environmental impacts, and prompt reclamation of
disturbed lands. O0il and gas lease applications involving National
Forest System lands result in a Forest Service recommendation to
BLM, which acts as lessor, whether to award the lease.

Another important aspect of the Forest Service's duties is its
direct involvement in implementing the Wilderness Act of 1964. The
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Act established a 15 million acre system of wilderness areas.
Since that time, 64.8 million acres have been added. In addition
to the 79.8 million acres now designated as wilderness, as many as
9.9 million acres could be included under the Forest Service's
second Roadless Area Review and Evaluation (RARE II) program.
Another 7.6 million acres of forest lands, known as future planning
areas, could be added to the National Wilderness Preservation
System (NWPS). Also, 23.7 million acres of BLM Wilderness Study
Areas could be made part of the system. Thus, through these
reviews alone, the wilderness system could eventually exceed 120
million acres -- more than 16 percent of all federal onshore
lands.?

While the Wilderness Act provides that these lands are open to
0oil and gas exploration activities until December 31, 1983, only 24
0il and gas leases have been issued in wilderness areas over the
last decade. The "wilderness" designation is the most exclusionary
single-use designation that can be applied to federal lands.
Motorized vehicles, roads, and permanent campsites are prohibited;
travel in these areas can only be on foot, on horseback, or by
canoe. Thus, unlike national parks, relatively few persons enter
wilderness areas, and for all practical purposes o0il and gas
exploration and development activities are denied access to such
areas.

In the past, o0il companies have been reluctant to attempt to
explore on wilderness lands when other prospective acreage, not
subject to restrictions under the Wilderness Act, was more readily
accessible. But the need to increase domestic energy production
and reduce dependence on foreign oil has provided an impetus to
explore for o0il and gas on certain wilderness lands. It has been
demonstrated repeatedly that oil and gas facilities can operate
with only temporary and minimal disturbance to the environment.

b. Bureau of Land Management

The 1976 Federal Land Policy and Management Act (FLPMA) endowed
BLM with major responsibility for developing total land-use plans
to achieve mandated objectives on BLM-managed lands. This respon-
sibility far exceeded BLM's initial responsibilities for simple
grazing administration and thrust BLM into a transition period in
which regulations and procedures are still being written and
clarified.

With FLPMA, Congress repealed all existing executive with-
drawal authority, both statutory and implied, except the Presi-
dent's authority to create national monuments.l0 Section 204 of
FLPMA substantially limited the Executive Branch authority to with-
draw government lands, providing detailed guidelines by which the
Secretary of the Interior is authorized to make, modify, or revoke
withdrawals. In accordance with Section 204, BLM proposed and
promulgated regulations for the withdrawal of government lands.
These regulations establish a formal process for Executive Branch
action, including the opportunity for public participation.ll
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FLPMA was intended to make coherent the government land manage-
ment policies of BLM. At the center of FLPMA's comprehensive man-
agement plan are the principles of sustained yield and multiple
use, with special recognition of the nation's need for domestic
sources of minerals, food, timber, and fiber. In addition, FLPMA
also recognizes a need for land withdrawals.

Congress identified a number of policy objectives in adopting
FLPMA:

® A general inventory of all government lands and their re-
source values was needed. Closely related to the general
inventory is the special inventory required as a part of the
BLM Wilderness Study. Under these provisions, BLM is to
undertake a special review of government lands in roadless
areas of 5,000 acres or more. The Wilderness Study is to be
completed by 1991 and is intended to identify areas that
might be included in the NWPS established under the Wilder-
ness Act. As of November 18, 1981, BLM had inventoried all
173.7 million acres of roadless areas under its jurisdic-
tion. Over 149 million acres were determined to lack
wilderness characteristics, and 24.3 million acres were
determined to have wilderness characteristics.l2 Those
areas not designated for wilderness will be managed under
land-use plans using the principles of sustained yield and
multiple use and in accordance with several other criteria
set forth in FLPMA as part of the land-use planning process.

@ Management for certain purposes may necessitate withdrawal.
As an exception to the general principle of sustained-yield
and multiple-use management, certain lands may be withdrawn
under Section 204. For areas of less than 5,000 acres, the
Secretary has the discretion to withdraw lands for specific
periods of time, depending on the nature of the withdrawal.
For areas of 5,000 acres or more, however, the Secretary may
only recommend withdrawal for a period of up to 20 years.
Without Congressional approval, such withdrawals lapse
within 90 days of his recommendation. FLPMA also provides
that, if an emergency exists, Congress or the Secretary can
immediately withdraw lands, but for no longer than three
years.

® Areas of critical environmental concern (ACEC) deserve
prompt protection. ACEC are identified as areas "within the
public [government] lands where special management attention
is required...to protect and prevent irreparable damage to
important historic, cultural, or scenic values, fish and
wildlife resources or other natural hazards." Priority
treatment is to be given to the identification of ACEC
during the inventory of government lands, resources, and
values and to maintenance once the inventory is completed.
The ACEC designation could result in the development of a
rational management system; however, the potential for
single-use management invites its use as a substitute
wilderness program without size limitation.
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Currently, 79 areas have been designated under the ACEC
program, covering more than 620,000 acres, with approxi-
mately 600,000 acres in the state of California. The
legislation does not limit the acreage of an ACEC. One of
the ACEC in the California Desert Plan, for example, con-
tains some 145,000 acres and some others within that plan
exceed 36,000 acres each. BLM has indicated that as many as
275 million acres of federal lands may be eligible for ACEC
designation. Thus, many thousands of acres could be nomin-
ated for and designated as ACEC and, notwithstanding the
multiple-use language in the guidelines, large amounts of
government land could become unavailable for oil and gas
exploration and development.

Initial BLM plans were formed under a Management Framework Plan
(MFP). In 1979 new regulations introduced a broadened planning
document known as a Resource Management Plan (RMP). None of these
new plans exists to date, though several dozen are in various
stages of preparation. By 1985 MFPs will be phased out, replaced
by RMPs. As it is expected to take about four years to complete an
RMP, it will be the early 1990's before all BLM plans are completed
under the new system. Thus, a new third planning document, called
a "Transition Management Framework Plan," will exist for about a
decade.

Leasing decisions in a resource area are limited to those
permitted by the plan. If a BLM plan does not include leasing,
then an environmental impact statement (EIS) must be made and the
decision whether to lease be made accordingly.

c. Other Agencies and Joint Agency

The need for joint agency agreements arises from multidimen-
sional ownership patterns and statutory responsibilities. Both
horizontal (different adjacent surface) and vertical (subsurface
different than surface) ownerships or responsibilities offer a
variety of permutations that must be accommodated. The surface
problem is one of access, providing opportunity to explore, drill,
and transport. The subsurface problem is one of title for sale,
lease, severance, and royalty purposes.

BLM leases federally owned subsurface minerals, regardless of
which federal agency manages the surface. Subsurface minerals may
be owned privately, by Indian tribes, or by government entities.
Similarly, the surface may be independently owned by any of these
groups. Since it is not possible to divorce mineral operations
from surface management, federal agencies have developed coopera-
tive procedures to coordinate their mutual responsibilities.

In November 1980 an inter—-agency agreement was signed to pro-
mote a cooperative relationship among BLM and Forest Service and
other agencies (most notably the Soil Conservation Service, Science
and Education Administration, Fish and Wildlife Service, and the
National Park Service). Signatories are to prepare and exchange
appropriate plans, schedules, and data for major national resource
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issue planning and decision-making. This is a relatively new
program, thus far directed at interchange of public involvement
data only.

3. Land-Use Planning Issues

Land-use plans developed to date inadequately address oil and
gas exploration and development. The NPC is concerned that the
management processes, in their present state as reflected in those
plans, could perpetuate a climate of uncertainty and restriction of
petroleum development.

Three topic areas will highlight this concern: definition,
data adequacy, and attitude.

e Definition. Planners are not agreed on a definition of
multiple use. Whether that term means co-existence or
partitioned exclusivity, or both, is unclear. The issue is
critical, because the statutory language mandating multiple
use has been interpreted differently. Forest Service lan-
guage derives from the 1960 Multiple-Use and Sustained-Yield
Act and also implements provisions of the 1974 Forest Range
Land Renewable Resources Planning Act, amended by the 1976
National Forest Management Act. The thrust of these acts
has been to establish a sustained yield of forest products
and services towards target goals. The effect has been to
set forth a restricted definition of multiple use, as it is
limited to surface use only and does not take into account
subsurface resource goals. The definition in FLPMA is
broader, calling for resource utilization in the combination
that will best meet the present and future needs.

e Data Adequacy. Data on petroleum potential is generous 1in
highly drilled areas but meager or non-existent in undrilled
areas. Data overload from other resources, competing with a
dearth of petroleum-related data in undrilled areas, leads
to increased attention to those resources where the plenti-
ful data assures sound planning decisions. The absence of
data may also lead to incorrect conclusions about the pre-
sence of petroleum. Concurrently, Congressional policy
dictates multiple use of the lands, including oil, gas, and
other minerals. The use of the present planning process,
dependent as it is on data adequacy, hinders this Congres-
sional policy.

e Attitude. Planners are inclined to regard petroleum oper-
ations as more damaging to the environment than has been
demonstrated. There is a tendency to prepare for the worst
possible case, ignoring countless examples of trouble-free
0oil and gas operational co-existence with other resource
values. Some examples are the Aransas National Wildlife
Refuge, a protected whooping crane nesting ground in the
midst of an operating oil field; the caribou movement under
and over the Alaskan pipeline; and offshore production
platforms that have become marine sanctuaries in themselves.
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C., Status of Land Withdrawals

The consequences of land withdrawals have been the subject of
public debate since the early 1970's.13 Five federal reports at-
tempted to assess the magnitude of the effect of withdrawals on re-
source development:

® General Accounting Office, Improvements Needed in Review of
Public Land Withdrawals -- Land Set Aside for Special
Purposes, 1976.

@ Department of the Interior, Final Report of the Task Force
on Availability of Federally Owned Mineral Lands, 1977.

@ Office of Technology Assessment, Management of Fuels and Non
Fuel Minerals in Federal Lands, 1979.

® General Accounting Office, The U.S. Mining and Mineral Pro-
cessing Industry: An Analysis of Trends and Implications,
X279,

@ General Accounting Office, Actions Needed to Increase
Federal Onshore 0il and Gas Exploration and Development,
198 L.

In its 1976 report, the General Accounting Office (GAO) found
that no mechanism was available by statute for the periodic review
of withdrawals of government lands. Upon investigation, GAO deter-
mined that records of withdrawals were non-existent, and that pro-
cedural problems within administering agencies delay the processing
of revocations of withdrawals that are no longer appropriate and
the return of the land to the operation of the public land laws.
Consequently, not only was the accounting system for withdrawals in
a state of chaos, but the restoration of government lands to
multiple-use status lagged.

1. Administrative Procedures and Judicial Actions that
Create De Facto Withdrawal of Government Lands

With the enactment of FLPMA, Congress affirmed once again a
broad multiple-use management philosophy for government lands.
However, both the agencies in charge of government lands (BLM and
the Forest Service) and the courts have restricted access and
withdrawn lands either explicitly or tacitly by their inaction.

Agencies responsible for government lands have, through ad-
ministrative practices, been able to manage the lands by narrow
interpretations of multiple-use management. Since each agency has
been created to manage lands under its jurisdiction for specific
resource values, administrators of those agencies have chosen to
focus their activities primarily on single land-use practices
rather than upon concurrent multiple uses. Various actions and
discretionary decisions by administrators may also result in
unintentional de facto withdrawals of lands from certain resource
uses.
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Administrative withdrawals can be accomplished by an agency's
failure to act, such as by the failure to issue leases and permits
or failure to complete management plans. Other restrictions that
impede resource exploration and development can be added unilater-
ally to leases, permits, and operating plans. The "no surface
occupancy" lease stipulation is an example.

Delays in issuing leases, such as those created by failure to
promptly list lands eligible for inclusion in the simultaneous
leasing system, can constitute a de facto withdrawal. A recent
U.S. District Court decision held that delayed action on issuing
leases in two RARE II Wilderness Planning Areas constituted an
informal withdrawal of the lands.l5 As a result, the Court
ordered the Secretary of the Interior to issue regulations and
guidelines providing standards by which federal oil and gas leases
could be approved, rejected, or suspended.

Judicial review, like administrative policy, may create de
facto withdrawals. In the case of Sierra Club vs. Butz the court
created a de facto withdrawal that extended to surface resources
when it upheld the Forest Service's adoption of "no surface occu-
pancy" stipulations in some o0il and gas leases.l® A more recent
case involved the reversal of a Forest Service decision to allow
developmental work in a number of roadless survey areas. The
Forest Service determined that those areas could be opened to
non-wilderness uses. On the basis that the agency's RARE II final
EIS was inadequate, the court recommended reconsideration of the
wilderness values of the areas.l?7 This decision could set a
precedent requiring a site-specific EIS prior to the rededication
of lands for multiple-use purposes.

2. The Extent of Withdrawals of Government Land from
Mineral Entry and Leasing

a. Department of the Interior and Office of Technology
Assessment Reviews

Both the Department of the Interior (DOI) and OTA have esti-
mated the extent of restrictions on mineral access to federal
lands. The classification of federal lands used in the DOI and OTA
studies are as follows:

@ "Closed" -- includes lands formally closed to mineral de-
velopment, either by statute (e.g., national parks) or by a
published withdrawal order (e.g., wildlife, military, or oil
shale land).

e "Highly restricted" -- includes lands that, while formally
open to mineral development, are restricted by statutory
conditions (e.g., power sites); statutory and administrative
conditions (e.g., wilderness areas or certain reclamation
project lands); or administrative conditions (e.g., BLM's
primitive and natural areas) to such an extent that mineral
development is greatly discouraged, although it sometimes
does occur.
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® "Moderately restricted" -- includes lands that are general-
ly open to mineral development, although they may be closed
to development of a few minerals or there may be certain
pre-conditions to mineral development (e.g., the prepara-
tion of an EIS).

@ "Slight or no restriction" -- includes all federal land
that is generally subject to multiple-use management.18

The conclusions and recommendations of both the DOI and OTA
studies are similar in their call for a more comprehensive "system
of inventory and review of withdrawals and restrictions on mineral
development."19 In fact, the Secretary of the Interior is spe-
cifically directed to conduct such an inventory by Section 201 of
FLPMA.20 Echoing the conclusions of the Public Land Law Review
Commission of 1970, OTA observed in 1979 that:

...[tlhere is a need for a cumulative state-by-state and
nationwide accounting of the use of Federal land. Such

an accounting should permit Federal management of

minerals and land to progress beyond its current essen-
tially ad hoc procedures. The land use planning process
already underway on Federal land could include a unit-by-
unit summary of land status, including withdrawals, which
is aggregated at successively higher levels of the rele-
vant agencies and culminates in a comprehensive land status
report. Computerization of the land status records at the
local level might greatly simplify statistical reporting
and increase the accuracy, timeliness, and ease of main-
taining those records.

b. Bureau of Land Management Review

Under the provisions of FLPMA, BLM was assigned the responsi-
bility for conducting an inventory of all government land with-
drawals. Restricted in scope to coverage in 11 western states, the
results of the partial inventory were released in January 1980.22
At that time, the BLM Director stated that:

...[mlany of the withdrawals...[examined] date back to

the turn of the century. In a significant number of cases
their cancellation is long overdue...[b]Jut through the
years, the tendency was for the withdrawal to remain in
force long after the need for it had passed.... Today with
our growing energy crisis there is a need to make as much
land as possible available for mineral development.?2

Overall, BLM decided that it was responsible for conducting a
review of withdrawals on only 67.9 million acres since FLPMA spe-
cifically excluded from consideration:

...public lands administered by the Bureau of Land
Management, and certain lands in the National Forest
System which are not closed to appropriation under the
Mining Law of 1872, or to leasing under the Mineral
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Leasing Act of 1920; certain Indian Reservations and
other Indian holdings; the National Park System; the
National System of Trails; the National Wild and
Scenic Rivers System; the National Wildlife Refuge
System; and other lands administered by the Fish and
Wildlife Service or . the Secretary through the Fish
and Wildlife

At the end of 1980, final decisions were announced allocating
some 24.3 million acres in 967 tracts to Wilderness Study Area
designation. The next phase in a Wilderness Study Area evaluates
all resources and activities in relationship to each other. This
analysis will generate a recommendation to the President before
1991 as to the preferred utilization. The President must then make
his recommendation to Congress before 1993. If the recommendation
to the President is for wilderness designation, then a minerals
inventory must be made of the area. Wilderness Study Areas are
incorporated into Management Framework or Resource Management
Plans. While they are in the study phase, they are managed under
special guidelines that seek to protect the wilderness charac-
teristics on an interim basis. BLM has given highest priority to
reporting to the President by September 1985 as many Wilderness
Study Areas as possible that contain energy-related resource
conflicts. For BLM Wilderness Study Areas, oil and gas activity is
practically impossible unless an operator had been physically
working a lease prior to October 1976.

The amount of federal land actually restricted by the Wilder-
ness Review Programs of BLM and the Forest Service is not clear.
The case of California vs. Bergland prevented release to multiple
use of California RARE II lands of the Forest Service found not to
have wilderness characteristics.22 Until the appeal of that case
is resolved, the status of released lands nationwide is uncertain.
The Forest Service has no uniform policy for leasing or withdrawing
those RARE II wilderness study lands not already leased prior to
the onset of the RARE II evaluation. Even though the lands may be
leased, restrictive stipulations may keep tracts in the severely
restricted category. The BLM's Wilderness Study Areas have two
different classes of restrictions placed on oil and gas leases
within them. As a result of DOI's decision not to appeal the
District Court's holding regarding leases issued prior to enactment
of FLPMA (October 21, 1976), such leases will be administered
according to the requirements of the BLM's Interim Management
Policy, which GAO characterized as . ) , "more restrictive
standards" than the Wilderness Act

cle General Accounting Office Review

The 1981 GAO report underscores the fact that the problem of
obtaining accurate estimates of withdrawals still exists because
several agencies, including those managing the largest areas of
government land, do not maintain central records of such with-
drawals.

The GAO report covers the total amount of federal land and the
portion considered by USGS to be prospectively valuable for oil and
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gas for 48 states (excluding Alaska). Of the 410 million total
federal acres in these states, 261 million were considered to be
prospectively valuable. GAO estimated that 64.1 million acres of
federal lands were closed to federal leasing as of 1979, and as of
February 1980 there were withdrawal applications pending on an
additional 4.3 million acres of BLM land. Of the 64.1 million
acres that have been withdrawn, more than 48 million acres were
closed through formal withdrawals and 16 million through adminis-
trative actions.28

The GAO study includes a detailed review of the federal lands
in Colorado, Mississippi, Nevada, New Mexico, and Wyoming that have
been closed to 0il and gas leasing. Of the 20 million acres GAO
identified as closed to oil and gas leasing, at least 11 million
acres are considered prospectively valuable for oil and gas.
Another 16.5 million acres in the five states reviewed could be
affected by the wilderness program. At least 8.5 million acres of
these lands have some likelihood of containing oil and gas. USGS
defines "prospectively valuable" o0il and gas lands as areas that
offer some possibility for the occurrence of oil and gas. The
designation does not guarantee that such lands will be productive,
as that can be determined only by actual drilling.

Of the 20 million acres withdrawn in those states, 14 million
acres were formal withdrawals and 6 million acres were administra-
tive withdrawals. Many of these withdrawals have no termination
dates. Thus, units cannot be assembled for development and
eventual production on these lands. At least 55 percent of these
closed lands have been identified by USGS as prospectively valuable
for oil and gas.29 New Mexico has the highest percentage of
withdrawn lands with oil and gas potential. Of the 3.9 million
acres closed to leasing in New Mexico, 3 million acres, or 76
percent, are considered to be prospectively valuable for oil and
gas. Nevada, with 6.6 million acres withdrawn, has more valuable
oil and gas acreage closed than New Mexico, but this represents a
smaller portion of total withdrawals in the state.

GAO estimated that 312.6 million barrels of o0il and 156 billion
cubic feet of gas could be contained in the withdrawn lands in the
five review states. Another 387.4 million barrels of oil and 162.4
billion cubic feet of gas could be affected by BLM and Forest Ser-
vice wilderness programs.

d. Environmental Policy Center Review

The Environmental Policy Center's 1981 report, Minerals and the
Public Lands, reported a total land withdrawal figure of 194.6
million acres, including Alaska, compiled from the BLM inventory
withdrawal review, Congressional testimony, DOI's Public Land
Statistics, 1979, and personal communications.

3. Alaska Public Land Withdrawals

In Alaska, withdrawals account for the largest aggregate area
of federally held land. Executive and Congressional withdrawals
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promulgated without a comprehensive resources review considering
the needs of the state of Alaska or the nation have given rise to
land-use conflicts. Land withdrawals in Alaska are a good example
of the problems created when extensive holdings of government

land are federally withdrawn. This subject is discussed in the
1981 NPC report, U.S. Arctic 0il and Gas.

II. Onshore Leasing and Bidding Systems and Lease Stipulations
A. Status of Government Lands

105 Federal Government Lands

Federal government lands are held in trust by the federal
government and owned by the people of the United States. As shown
on Table 19, the federal government owns nearly 728 million acres
of onshore land in the United States -- about one-third of the
nation's total area.

2. State Lands

All of the western states except Texas are government land
states that were created by acts of Congress from land held in the
public domain. The enabling legislation contained provisions for
state land grants to be used for "welfare" purposes, such as
schools, universities, public buildings, and improvements.

Although the major portion of state lands were derived from such
legislation, states also acquired land through other means, such as
foreclosure of state loans, purchase, or eminent domain.

State lands were intended to provide assets that could be
liquidated to produce funds for the designated uses. Although some
states sold their land immediately and completely, by the early
1900's states tended to reserve all or part of the minerals rights
when properties were sold. Each state created a commission or
board to manage state lands and the revenues derived from them.
These boards promulgate rules and regulations and establish fees
for acquiring mineral rights, leasing, exploration, and production.

3. Indian Lands

American Indian lands in the lower 48 states comprise over 52
million acres. Virtually all of these Indian lands are west of the
Mississippi, and many are located within o0il and gas producing re-
gions. Fourteen Indian tribes and numerous individuals currently
are involved in o0il and gas production on Indian lands. In 1980,
0il production on Indian lands totaled 37 million barrels, and
natural gas production was 115 billion cubic feet.

The tribal land and resource base was greatly eroded by the
General Allotment Act of 1887, which opened reservation lands for
land grants to individual tribal members. Between 1887 and 1934,
90 million acres of tribal lands were transferred to individual
Indian ownership. This practice was ended with the passage of the
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Indian Reorganization Act in 1934. 1In addition to stopping allot-
ments, the Indian Reorganization Act reasserted the principles of
tribal sovereignty and the sanctity of the treaties. It also
authorized the Secretary of the Interior to acquire lands on behalf
of tribes.

Tribal and individual Indian property rights enjoy a legal
status distinct from public or private property. The United States
holds Indian lands and resources in trust for the perpetual and
beneficial use of Indian people. The Constitution vests authority
over Indian affairs exclusively in the Congress. Congress, in
turn, has developed a special body of law governing Indian affairs.
The Secretary of the Interior administers these laws and fulfills
the government's fiduciary obligation to Indians.

Congress has specified the terms under which Indian oil and gas
resources may be developed. The law prohibits any sale, grant, or
other conveyance of Indian property or interests therein. 1Indian
tribes and individuals may enter into limited term agreements for
the development of their oil and gas resources pursuant to several
Indian leasing laws. Most current oil and gas operations are con-
ducted under the 1938 Indian Mineral Leasing Law. Both Congress
and the courts have preserved tribal control over tribal resource
development. No lease or agreement will be valid without the writ-
ten approval of the governing body of the tribe and the Secretary
of the Interior. Similar consent provisions apply to leases for
individual Indian lands.

B. Petroleum Development on Government Lands

As of 1980, almost 450 million acres, or about 20 percent of
the total U.S. land base, was under lease for oil or gas explora-
tion and/or production. Of this total acreage under lease, only
about 50 million acres have proven to be productive. Thus, about
400 million acres are under lease in areas that are nonproductive
or remain to be tested for the existence of o0il or gas. Shown on
Figure 25 is the acreage that is under lease on lands controlled by
the federal government as well as that under lease on private
lands. Federally controlled lands include acreage on government
and Indian lands. The acreage on government lands is almost 30
percent of the entire acreage under lease.

In 1980, federal offshore lands accounted for more than 9 per-
cent of U.S. crude o0il and condensate production and 23 percent of
domestic natural gas producion. Onshore, federal lands (excluding
Indian lands) provided more than 4 percent of all domestic crude
oil and natural liquids production and more than 5 percent of
our natural gas.

C. Government Lands Leasing and Bidding Systems

l. Federal Lands

The present provisions for leasing oil and gas under the
Mineral Leasing Act of 1920 are summarized below. The Secretary of
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the Interior is not obligated to lease acreage in areas where he
believes leasing is not in the public interest.

A lease term is for a period of 10 years or as long thereafter
as 0il or gas is produced in paying quantities. Any lease on which
active drilling is underway at the expiration date is granted a
two-year extension.

a. Competitive

All lands within the known geologic structure (KGS) of a pro-
ducing 0il or gas field must be leased competitively to the highest
qualified bidder.

e Competitive leases are limited by law to a maximum of 640
acres.

e Royalty payments must not be less than 5 percent, and leases
are presently issued on a sliding scale basis from 12 1/2 to
25 percent, depending upon monthly production per well.

e Competitive leases carry an annual rental of $2.00 per
acre.

@ Leases can be transferred or assigned, with the lessee being
able to assign all or part of his interest in the leases to
one or more parties. He can also assign part of the acre-
age, which in effect creates a new lease.

Regulations specific to competitive leasing are not extensive.
A KGS is defined quite strictly in the BLM regulations, as "the
trap in which an accumulation of o0il or gas has been determined by
drilling and determined to be productive, the limits of which
include all acreage that is presumptively productive."32 USGS
regulations do not define the KGS as such, although over the years
it has defined the KGS of a producing oil or gas field as the trap,
whether structural or stratigraphic, in which an accumulation of
0il or gas has taken place. The limits of such structures include
all acreage that is presumed to be productive.

b. Noncompetitive

Land that is not presently under lease is available to the
first qualified applicant who submits an application, together with
the first year's rental and a $25.00 filing fee. Applications to
lease that cover open lands and that are received in the same mail
or over-the-counter at the same time, are considered as being filed
concurrently; these leases will be established by a public drawing.

All lands that are not within a KGS and that are covered by
cancelled or relinquished leases, leases that automatically ter-
minate for nonpayment of rental, or leases that expire by operation
of law at the end of their primary term or extended terms are sub-
ject to leasing only in accordance with the regulations relating to
simultaneous filings. Notices of the availability of these lands
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are posted in the BLM office in the state at the start of business
on the first working day of January, March, May, July, September,
and November. Lease applications for the lands may be filed from

the time of posting until the close of business on the 15th working
day thereafter.

After the winning applicant of a particular tract or parcel has
been notified by the BLM, the executed lease agreement and the
applicant's rental payment must be filed with the BLM office within
30 days. Noncompetitive leases carry an annual rental of $2.00 per
acre; the royalty for noncompetitive leasing is 16 2/3 percent.

c. Lease Issuance on Wilderness Lands

The vast majority of wilderness areas are located on lands
managed by BLM or the Forest Service. Lease issuance in those
areas has become a great concern because of the time constraints in
the Overthrust Belt, which lies along the general Rocky Mountain
front from Canada to Mexico. Government records show that 24
leases have been issued in wilderness areas over the past 10 years:

@ Fourteen in the West Elk Wilderness in Colorado, issued 1in
1972 and 1973

@ Four in the Absaroka Beartooth Wilderness in Montana, issued
in 1979

@ Three in the Bridger Wilderness in Wyoming, issued in 1974

@ Three in the Capitan Wilderness in New Mexico, issued in
1981.

Through the end of 1981 no drilling had occurred on any of these
leases. In fact, issuance of the three leases in the Capitan
Wilderness sparked such controversy that Congress shortly there-
after passed a resolution temporarily banning any future leases in
wilderness areas until mid-1982.

Some lease applications on lands managed by the Forest Service
lying within RARE II areas have been filed for up to seven years
without being issued. Even those applications that do not lie
within environmentally sensitive areas often await approval of the
managing agency for anywhere from two to six months. This problem
does not arise in competitive leasing, since the majority of these
leases are not located in environmentally sensitive areas. These
leases generally take from 30 to 60 days to issue, and are issued
with whatever stipulations were specified in the notice for the
sale.

2. State Lands

There is a wide diversity of state bidding and leasing systems.
Table 20 provides examples of how some states lease their state
lands.
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State

Alaska

California

Colorado

TIdaho

Louisiana

Montana

(not being
used)
At discretion of Commission-
er and after publication of
notice

Sealed bid with any
combination of:

(a) Bonus bid

(b) Royalty bid

(c) Net profits

Sealed bid with any or all
of: (a) Cash bonus plus
sliding scale royalty (not
less than 16-2/3%) (b)
Sliding scale on oil (c)
Fixed royalty of not less
than 16-2/3% (d) Net profits
bonus

Oral bidding

Oral bidding

Sealed bidding, with
any or all of:

(a) Cash bonus bid
(b) Royalty bid

Oral bidding

Lease Term

Not less than S years

or more than 10 years,

and "as long thereafter as
oil and/or gas is produced
in paying quantities" --
Established by Commissioner
in Sale notice

20 years and "as long
thereafter"

S years, and additional
S year extension, and "as
long thereafter"

10 years and
"as long thereafter"

3 years (onshore) and
"as long thereafter"

10 years and 'as
long thereafter"

TABLE 20

Lease Rentals

$1.00/acre/year-
increase 50¢£/acre/
year through 5 years
after 5 years, Commis-
sioner can raise at
his discretion (but
cannot more than
double)

$1.00/acre/year

$1.00/acre/year =--
first 5 years $
commencing begin-
ning of 6th year

$1.00/acre/year ==
first 5 years,
$2.00/acre/year ==
commencing begin-
ning of 6th year,
$3.00/acre/year --
commencing begin-
ning of 11th year

Bid item (but not
less than 1/2 of
cash bonus bid
offered)

$1.50/acre/year for
full term of lease
plus $1.25/acre/year
commencing 6th year
(non-drilling penalty)

Lease

Bid item -

Fixed, sliding
scale, net profits,
or combination of
any or all

Fixed: Bid item
(but not less than
16-2/3%)

scale:
Bid item

12-1/2%

12-1/2% (may be
higher if
advertised in
notice of lease
sale)

Bid item (but not
less than 12-1/2%)

Gas -- 12-1/2%

0il -- sliding
scale

Bbl/Well Rate

0-3,000 12-1/2%

3-6,000 17-1/2%

Over 6,000 25%

Maximum Size
of Lease

Approximate Time of
Lease Issuance

5,760 acres

5,760 acres

640 acres

640 acres

2,500 acres
(by Board
policy)

5,000 acres
(by statute)

640 acres

Less than 30 days
after bid award

30-60 days after
bid awarad

Less than 60 days
after bid award

10-20 days after
bid award

30-60 days after
bid award



el

State

Nevada

New Mexico

North
Dakota

Oklahoma

Texas

Utah

Wyoming

Negotiated with
Administrator of State
Lands

Can be either oral or
sealed bid, at discretion
of Commissioner

oral bidding

Sealed bid

Sealed bid, with
any or all of:

(a) Cash bonus bid
(b) Royalty bid

Sealed bid

(not being
used at present)
Leased on application, with
lease being awarded to first
qualified applicant

(a) Application for unleased,

open lands -- leased to
first qualified
applicant

(b) Simultaneous filing
system for leases termi-
nating by surrender, ex-
piration or cancellation,
or whether 2 or more ap-
plications are in con-
flict -- leased to first
qualified applicant

Lease Term

Negotiated

10 years and "as long
thereafter"

5 years and "as long
thereafter"

5 years and "as long
thereafter"

3 years (onshore)
and "as long
thereafter”

10 years and "as
long thereafter"

10 years and '"as
long thereafter"

TABLE 20 (Continued)

Lease Rentals

Not less than
$1.00/acre/year

10¢ to $1.00/acre/
year, at discretion of
Commissioner (notice
must be given prior to
sale)

$1.00/acre/year

$1.00/acre/year

$5.00/acre/year

$1.00/acre/year

$1.00/acre/year --

$2.00/acre/year
after establish-
ment of production

Lease .

15%

12-1/2% or 16-2/3%
at discretion of
Commissioner
(notice must be
given prior to
sale)

16-2/3%

18-3/4%

25% (except for
20% on Far West
Texas wildcat
acreage)

12-1/2%

12-1/2%

Maximum Size
of Lease

Approximate Time of
Lease Issuance

1,280 acres

6,400 acres

160 acres

No statutory
limitation
hut generally
not larger
than 160
acres

640 acres

2,560 acres
(but within 6
mile square)

1,280 acres

30-60 days

14 days after bid award

30 days after bid award

30 days after bid award

30 days after bid award

30 days after bid award

60 days after bid award



35 Indian Lands

The leasing system for Indian oil and gas development is in
a state of transition. Historically, oil and gas development
occurred under concession agreements. The terms of the agreements
were determined by the standard lease form and regulations of the
Bureau of Indian Affairs (BIA), which is responsible for adminis-
tering Indian trust matters on behalf of the Secretary of the
Interior. Since the 1970's, however, many tribes have rejected the
standard lease approach in favor of alternative forms of contracts
and profit sharing arrangements. BIA also is revising its regula-
tions to expand tribal control and flexibility in negotiating oil
and gas agreements.

There are certain statutory restrictions on the terms of Indian
0il and gas agreements. Some of the key provisions include the
following:

e In most instances, oil and gas contracts can be secured only
after a competitive bidding process. The major exception
is that tribes organized under the Indian Reorganization Act
have the discretion to use whatever methods their tribe
authorized in its Constitution. Also, non-Indian Reorgani-
zation Act tribes may negotiate agreements after certain
competitive bidding procedures have been satisfied.

e Indian oil and gas agreements must be co-signed by both the
Indian owner and the Secretary of the Interior or his de-
signate (i.e., the Director of BIA).

@ The primary term of Indian oil and gas contracts cannot
exceed 10 years.

e O0il and gas operations must comply with rules and regula-
tions prescribed by the Secretary of the Interior.

Certain statutes prescribe special procedures for individual Indian
lands and for certain reservations. The tribes covered by unique
leasing laws include the Osage Nation, the Five Civilized Tribes of
Oklahoma, the Crow Tribe, and the Shoshone Tribe of the Wind River
Reservation.

D. Lease Stipulations
1. Federal Lease Stipulations
A review of standard and special stipulations applied before
the lease is issued reveals that basically two types are used:
site- or resource-specific, and all-encompassing.
The site- or resource-specific stipulation is developed to
define or restrict surface use in a particular area or during a

particular season. The value of the stipulation in balancing
environmental protection and development, depends upon the quality
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of information supporting it. Where a specific analysis has been
properly prepared in a timely manner, the result can be an effec-
tive tool for lease development for both the agency and the lessor.

The all-encompassing stipulation was the type most often
applied as standard for all leases offered in a state. The stipu-
lation describes an agency's environmental protection authorities
in vague terms. This type of stipulation is the most onerous in
planning for compliance requirements, both for the agency and the
operator. Opponents of development can use this type of stipula-
tion to require numerous reports and assessments, resulting in
additional special stipulations that may prohibit surface occupancy
or delay development until the operator abandons the project. An
agency staff can use the same approach to avoid making a decision
on the project, especially in sensitive areas.

a. Leasing with Stipulations Derived from Forest
Service Plans and BLM Plans

The most obvious and direct impact of land-use planning on an
0il and gas lessee involves the BLM's procedure for selecting lease
stipulations or rejecting lease offers. In addition to the general
"open ended" standard stipulations used in all leases, other spe-
cial lease stipulations are established by BLM. Other stipulations
are selected by the agency charged with administering the lease
tract and are incorporated in the lease with the concurrence of the
Conservation Division of USGS. The stipulations range from minimal
reclamation requirements to a prohibition of surface occupancy.
Stipulations that completely prohibit surface occupancy have been
characterized as inconsistent with the Mineral Leasing aAct.33
The United States District Court of Wyoming accepted this position
with regard to wilderness study area stipulations and entered an
order invalidating such stipulations in certain leases.34 Most
lease stipulations, however, will not fall within the rationale of
that case.

To the extent that the Forest Service controls access to or use
of the surface by o0il and gas lessees, lease stipulations or action
on lease offers on Forest Service lands are dictated by the
National Environmental Policy Act of 1970 (NEPA) and the conformity
requirements of Forest Service Resources Planning Act regulations.
The Forest Service performs more extensive environmental analyses
than BLM -- an EIS may be prepared on a single lease or an
Application for Permit to Drill (APD). Before implementation of
the Resources Planning Act, oil and gas development was rarely dis-
cussed in unit plans. Instead, it was treated in forest or multi-
forest 0il and gas EISs. Today, if a Forest Plan does not contain
any references to possible impacts of oil and gas or if a Forest
Plan is not in effect and the applicable oil and gas EIS or unit
plan does not sufficiently deal with surface resources as they
conflict with mineral development, the Forest Service has a statu-
tory obligation to delay acting upon lease applications, pending
completion of an adequate environmental analysis.
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The environmental analysis provides the basis for special lease
stipulations, terms, or conditions imposed by BLM at Forest Service
request. It can be the basis for a recommendation against issuance
of the lease by a regional forester. BLM usually honors such
recommendations. The specific statutory obligations and extensive
data requirements of the Forest Service have often delayed comple-
tion of such an analysis. Substantial delays in reviewing lease
applications have been reported at the present time. These delays
may be due in part to the fact that each lease is reviewed by the
regional BLM office or, in the case of special lands including
wilderness, reviewed personally by the BLM Director.

The imposition of allegedly unwarranted stipulations and the
rejection of lease offers has engendered numerous appeals to the
Interior Board of Land Appeals (IBLA). Appeal from BLM action on a
lease application follows the appeal procedures of DOI. Appeal
from Forest Service action on a lease application may follow Forest
Service appeal procedures or DOI procedures. While the substance
of BLM and Forest Service appeals does not differ noticeably, the
BLM appeals differ procedurally from those of the Forest Service
because of the existence of IBLA. The IBLA opinions provide the
bulk of administrative precedent in oil and gas matters because the
Forest Service has no similar decision-reporting system and be-
cause, given a choice, most appellants choose to appeal to DOI.

Generally, a BLM decision not to lease, or to lease with re-
strictive terms, is upheld if the administrative record supports
the decision.33 If the record does not support the stipulations
or lease offer rejection, however, or if unresolved questions about
the propriety of the same remain, the matter will be remanded to
the BLM for further review to determine if a lease can be issued or
a stipulation may be avoided.

The above discussion points out the need to ensure that Forest
Plans, MFPs, oil and gas EISs, or umbrella Environmental Assessment
Reports are accurate when they are prepared, and that they are fre-
quently updated. The Forest Service land-use plans are by statute
much more comprehensive than the BLM RMPs, but both the Forest
Service and BLM are prohibited from deviating from those plans.

b. Drilling Operations and Stipulations

The selection of terms and conditions for a pre-drilling opera-
tions plan is similar to the process for selection of lease stipu-
lations. Upon receipt of a map depicting a proposed drilling site,
BLM reviews the applicable MFP or RMP to determine if conditions or
stipulations must be imposed to prevent surface disturbance atten-
dant to proposed surveying and staking. USGS and BLM must concur
before such stipulations will be imposed.3® Whether conditions
are imposed in the initial preliminary environmental review, BLM
must also review an operator's "multipoint surface use and opera-
tions plan" to ensure environmental protection and conformity with
the existing MFP or RMP.
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Like BLM, the Forest Service has a "cooperative agreement" with
USGS.37 The Forest Service agrees to perform necessary environ-
mental reviews and provide the data to USGS for use in environmen-
tal analyses on drilling and production. Such environmental
assessments must conform to the land use plans. The Forest Service
is also to provide the necessary environmental protection require-
ments, which USGS then imposes and enforces.

c. Off-Lease Activities

Many off-lease activities are also affected by the land-use
planning process. Every off-lease agency action of any consequence
(e.g., the granting of a pipeline right-of-way) requires an RMP or
MFP amendment to make the plan conform with the proposed action in
the case of BLM, and with the Forest Plan in the case of the Forest
Service.

2. State Lease Stipulations

Each state has its own methods for developing and enforcing
lease stipulations. As with federal leases, state lease stipula-
tions derive their authority primarily from state environmental
protection laws, and leases must comply with all the requirements
and rules of the state lands department. Many states attach spe-
cial stipulations to o0il and gas leases where unusual circumstances
require it. For example, there are some areas in Wyoming where the
Game and Fish Commission requires that operations be restricted or
prohibited during certain times of the year -- such as during
breeding or migrating seasons. These stipulations are made on a
case-by-case basis, however, and are not standard practice.

Some states simply require that lessees comply with all state
laws and reqgulations and have no specific environmental stipula-
tions or requirements on their oil and gas leases. Many states
incorporate a paragraph in the lease contract itself to take care
of environmental concerns; others conduct a review of each lease
application by the environmental division of the state lands de-
partment.

At the time when a lease sale is announced, a list of lease
stipulations is posted with the sale list. Thus, before leasing a
tract, each lessee is aware of the extent of development expenses
he may encounter and can plan his development and activities around
these requirements with a minimum of delay.

3. Indian Lease Stipulations

Stipulations on Indian o0il and gas agreements vary among tribes
and among individual owners. When negotiating an oil and gas
contract, an Indian tribe may include stipulations regarding the
employment and training of tribal members, profit sharing,
accounting, environmental protection, and other matters. O0Oil and
gas agreements on Indian lands require compliance with applicable
tribal ordinances or regulations.
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E. Delays Resulting From Current Leasing Policies and
Programs

Land management policies currently in effect are a fundamental
factor in leasing activities. The uncertainty, delay, and cumula-
tive restrictions make leasing on federal acreage more costly than
leasing on state or fee lands. These additional costs are espe-
cially burdensome to smaller operators, who are less able to pay
them.

Leases in environmentally sensitive areas often include
"no-surface occupancy" stipulations, making surface access to the
leasehold impossible. The government on the one hand requires
payment on lease rentals, while on the other it prohibits access
and contractual lease rights. Independent operators drill the
majority of wildcat wells and cannot afford the economic burden of
holding leases that have no surface access rights.

In fiscal year 1979, BLM issued 11,758 onshore oil and gas
leases. About half of those leases, 5,961, were issued in
Colorado, Mississippi, New Mexico, Nevada, and Wyoming. Of these
leases, 1,862 were over-the-counter, 3,896 were simultaneous, and
203 were competitive. About two-thirds, or 3,992 leases, were
issued within 4 months of filing. The over-the-counter lease
applications involve essentially new areas of "wildcat" interest.
Of these leases, only 16 percent were issued within four months,
compared to about 90 percent of the simultaneous and competitive
leases being issued in the four-month time frame. The main reason
for this difference is that over-the-counter lease applications
have to go through procedures to determine that the land can
actually be leased, while land leased under simultaneous or
competitive bids has already undergone such analysis.38

The GAO study reviewed the types of delay encountered in oil
and gas leasing in the five states mentioned above. The delays are
divided into two categories:

@ Delays attributable to federal leasing agencies

BLM lease processing 453 cases

Environmental analyses 153 cases

Deferral of leasing in

wilderness study areas 95 cases
Title work 49 cases
Other 34 cases

784 cases
e Delays attributable to non-federal agency activities

Appeals and litigation 54 cases
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- Applicant inaction 16 cases

- Other (non-federal) 14 cases
84 cases

Of the 784 federal agency cases, BLM was involved in 602 cases, the
Forest Service in 134, and the Department of Defense in 42.

Using BLM's four-month average for processing leases, GAO con-
cluded that major delays have occurred in the five states studied.
Extrapolating their findings to total leases pending in the five
review states, GAO estimates that 3,484 applications out of 3,995
would be delayed due to federal actions (87 percent of the lease
applications).

The NPC is concerned that leasing delays:

@ Prevent or hinder the assembling of lands into viable units
for exploration and development

@ Increase the costs of holding leased lands while a unit is
being assembled

® Result in a variety of termination dates for leases in a
unit that will reduce the time actually available for drill-
ing.

In an effort to streamline the leasing and bidding processes, there
must be unification and consolidation of the federal regulatory
procedures as they relate to onshore leasing. It is most important
that the entire process be simplified.

III. Onshore Permitting
A. The National Environmental Policy Act USGS Permit Review

NEPA requires all federal agencies to incorporate appropriate
and careful consideration of the environmental effects of proposed
actions into the agency decision-making process and to avoid or
minimize the adverse effects of proposed actions to the fullest
extent practicable. The EIS requirement under Section 102 serves
as the most significant mechanism for implementing NEPA. Since
USGS approval of leasehold activities, such as seismic studies,
exploratory drilling, and production of oil and gas, constitutes a
federal action, USGS is required to assess potential environmental
effects prior to granting approval.

The Notice to Lessees and Operator No. 6 Approval of Operations
(NTL-6) is a permit program designed by USGS to comply with NEPA
requirements. Its objective is to assure that operations on oil
and gas leases under USGS jurisdiction are conducted with due
regard for environmental protection as well as to evaluate the
environmental impacts of proposed operations via the required EIS
process.
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NTL-6 was issued on June 1, 1976. Since that time, the per-
mitting process has steadily become more complex, and time require-
ments for approvals have lengthened considerably. This section
examines the NTL-6 program requirements and reviews the procedures
for USGS's recently implemented Categorical Exclusion Review (CER)
process.

The basic requirement of the NTL-6 program is the inclusion of
an appropriate surface-use plan with applications for leasehold
operations or construction activities. The surface-use plan should
be prepared with sufficient technical detail regarding the magni-
tude of surface disturbance and proposed rehabilitation procedures.
The major involvement of this surface-use plan is in accompaniment
with APD for the drilling of individual exploratory or development
wells.

Although USGS is the designated lead agency for oil and gas
developments on federal lands, other federal surface management
agencies, including BLM, the Forest Service, and the BIA, are
involved with the NTL-6 permit process because of various coopera-
tive agreements or Interior Secretary Orders. Typically, USGS
defers approval of APD until consent is given by the appropriate
surface management agency. This consent is usually in the form of
surface stipulations attached as conditions of approval to an APD.
The surface management agency is responsible for establishing re-
habilitation requirements.

NTL-6 instructs operators to file applications and surface-use
plans at least 30 days in advance of contemplated starting dates
for construction and indicates that applications will be processed
as quickly as possible. However, no guarantee is given that ap-
proval will be granted after 30 days.

1. APD Requirements
a. Preliminary Environmental Review

The first step in the process is the filing of a Preliminary
Environmental Review (PER) request by the operator, which consists
of a map of the proposed locations, showing general topographic
features and other information such as access roads and water
sources. The surface management agency uses the PER map to review
available information to determine if conflicts with other resource
values may exist. If conflicts exist, a meeting is scheduled to
resolve problem areas. Unless the operator is notified by USGS or
the surface management agency that resource conflicts exist, a
15-day limit is given for this process step, after which the
operator may proceed with survey staking and other field work.

b. APD and Surface-Use Plan

After approval of the PER, an operator generally conducts sur-
vey staking and cultural resource inventory work. An APD package
is then prepared in accordance with NTL-6 instructions. For the
APD portion of the package, detailed information is required re-
garding surveyed location and elevation; engineering data (casing
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and cementing programs, mud programs); geological factors (surface
and major geologic formations, zones of water, hydrocarbons or
other minerals, logging programs); and other operating standards
(BOP equipment, auxiliary and safety equipment, anticipated start
and completion dates).

The requirements for the surface-use plan are also specified by
NTL-6. The plan must provide for adequate protection of surface
resources and other environmental components, and include measures
for rehabilitation of disturbed lands.

c. Joint Onsite Inspection

After submittal of the APD package, including the surface-use
plan, an onsite inspection is normally held. Attendees include
representatives from USGS, the surface management agency, the oper-
ator, and the operator's earth-moving contractor. The purpose of
the inspection is to select the most feasible and environmentally
acceptable well sites, access roads, and other surface-use con-
siderations.

d. Environmental Analysis

After completion of the onsite inspection, USGS prepares an
environmental analysis or assessment (EA), which evaluates poten-
tial environmental effects and identifies mitigating measures. The
EA is also used to determine whether approval of the proposed acti-
vities constitutes a major federal action significantly affecting
the environment. Surface protection and rehabilitation stipula-
tions furnished by the surface management agency are included 1in
the EA.

e. Permit Approval

Approval of the application is granted, contingent on the terms
and conditions attached to the APD, after completion of this pro-
cess, provided that the EA is approved and it is determined that no
formal EIS is required, consent of the surface management agency is
given, and other factors are in order (bonding, designation of
operator, state spacing regulations, and private surface owner
agreement). However, several other factors may constrain approval,
even though they are not specifically associated with the APD pro-
cess, 1ncluding access road rights-of-way, water permits, or other
state or county permits.

2. Categorical Exclusion Review

The CER procedures were developed by USGS to alleviate the ex-
tensive manpower and paperwork requirements associated with prepa-
ration of an EA for every proposed well. The procedures provide
that a well can be excluded from the EA requirement, provided that
nine criteria regarding environmental, archaeological, safety, and
sociological factors are satisfied. The CER exclusion applies to
the first well drilled on a lease or in a development area. The
second ("confirmation") well, however, requires an EA. This EA
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would address the environmental effects and mitigating measures
associated with the second well, based on information in the APD
package and surface-use plan. The EA would also address expected
cumulative impacts associated with full field development. Thus,
the EA becomes a kind of "umbrella" EA, after which other proposed
field development wells can be excluded from the EA requirement,
again provided the nine criteria are met. Complete APD packages,
with the surface-use plans, are still required.

3. Delays Resulting from NTL-6 Review

Because of the number of discrete steps and the various agen-
cies and individuals associated with the NTL-6 permit process,
multiple delay factors frequently are experienced by operators
seeking approval of applications. Since several ancillary laws and
regulations, other than NEPA, are interrelated with NTL-6, the per-
mit process has become increasingly complex. Serious, disruptive
delays are experienced by industry. Drilling programs cannot be
scheduled with any assurance that permits can be obtained without
delays. Length of time required to obtain normal APD approval has
increased from an estimated 15 days in 1976, prior to NTL-6, to a
general range of 80 to 100 days in 1980. Longer time periods for
permit approval (200 days or more) are not uncommon. In spite of
the new CER procedures, the lengthy permit approval period is
expected to increase in the future because of the complexity of the
permit process and number of potential delay factors.

Average permit costs have risen from approximately $750 in
1976, prior to NTL-6, to a range of $1,500 to $3,000 in 1980. Un-
identified or intangible costs, however, are associated with stand-
by charges for an inactive drill rig or the release of a rig
because no permits are approved. With the current great demand for
drilling rigs in the Rocky Mountain regions, these latter occur-
rences are increasing in frequency and add a significant dimension
to the problems of permit delays associated with NTL-6.

B. Federal Land Policy and Management Act Review

FLPMA established a planning system for government lands and
resources, including oil and gas, that further defined BLM's (and
to a lesser extent, the Forest Service's) responsibilities for sur-
face management. The result of this legislation and subsequent
regulation on oil and gas development has been profound. While a
majority of the FLPMA requirements are warranted and have resulted
in tangible benefits to the environment, the manner of implementa-
tion has caused delays in the permitting of oil and gas activities
on federal lands.

The review and designation of right-of-way corridors pursuant
to Section 503 of FLPMA is a planning provision of FLPMA that may
impact o0il and gas operators. It applies both to the Secretary of
the Interior and to the Secretary of Agriculture. The location of
rights-of-way for oil or gas pipelines, off-lease collection facil-
ities, access roads, electric transmission lines, water pipelines,
and other purposes may be affected under this section. To date,

141



no right-of-way corridors have been formally designed under this
authority. Regulations promulgated on July 1, 1980, however,
define the criteria for designation of such right-of-way corridors,
and BLM and the Forest Service are according corridor designation

a high priority.

Designation of a corridor may be initiated by BLM or the Forest
Service, or by receipt of an application for designation. Corri-
dors shall be designated, to the extent practical, consistent with
land-use plans. Once a corridor is designated pursuant to Section
503, BLM is directed to confine new right-of-way grants to that
corridor to the extent practical. 1In some instances it may be
possible for oil and gas operators to show that it is not practical
to locate new rights-of-way through designated corridors.

FLPMA has had a major effect on the transportation segment of
0il and gas development with regard to right-of-way requirements
for gas gathering and distribution lines. Along with typical re-
quirements for archaeological clearance and other environmental
checks, operators are required to submit detailed corporate in-
formation files, survey plats, and other information. Processing
by BLM commonly results in six months or more delay in hooking up
completed wells to collection systems. In extreme cases, such
delays are for 500 feet or less of pipeline. Some state offices,
notably Utah, are currently experimenting with procedures to
eliminate the right-of-way processing delays by inclusion of the
grant in the APD approval.

C. Endangered Species Act Review

The Endangered Species Act of 1973, as amended, declares a
federal policy to seek the conservation of endangered species and
threatened species. Conservation, as defined by the Act, means
"the use of all methods and procedures that are necessary to bring
any endangered species or threatened species to the point at which
the measures provided pursuant to this Act are no longer neces-
sary"; that is, recovery of the population of the threatened or
endangered species to such a degree as to warrant removal from the
threatened or endangered category.

Although the Departments of Commerce and Agriculture, through
designations of the respective Secretaries, are involved with
implementations of the endangered species program, DOI is mainly
responsible for carrying out the program through FWS. Under the
sponsorship of FWS, species are listed, critical habitats deter-
mined, conservation programs established, and federal agency
actions reviewed.

Three definitions important in discussing the implementation of
the Act are given below.

® Endangered Species: any species in danger of extinction
throughout all or a significant portion of its range.
Insect species that constitute a pest with overriding or
overwhelming risks to man are excluded. All other fish and
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wildlife, however, including vertebrate and invertebrate
species as well as any plant species, can be given the
protection of the law if designated as endangered or
threatened.

@ Threatened Species: any species likely to become an en-
dangered species within the foreseeable future throughout
all or a significant portion of its range.

@ Critical Habitat: specific area within the geographic area
occupied by the species on which are found those physical or
biological features essential to the conservation of the
species and that may require special management considera-
tions or protection. Critical habitat does not include the
entire geographic area that can be occupied by the
threatened or endangered species.

All federal agencies are charged with the responsibility of
furthering the purposes of the Act through Section 7. This section
requires each agency, through consultations with FWS, to ensure
that any action authorized, funded, or carried out by the agency
will not jeopardize the continued existence of any endangered or
threatened species or result in the destruction or adverse
modification of critical habitat.

Because of the strength of the law and the number and preva-
lence of officially listed species, conflicts can arise between the
endangered or threatened species and other resources located in the
vicinity of the habitat or known occurrence of the endangered or
threatened species. Since the protective covenants contained in
the law clearly provide for endangered or threatened species pro-
tection in the event a proposed action would place the subject
species in jeopardy, results of any consultation typically favor
the subject species or habitat. A proposed action may be allowed
to proceed after consultation, but generally under restrictive
conditions of approval, modified plans, and a relatively lengthy
time period.

Unfortunately, the nature of the oil and gas industry, which
generally requires relatively quick turnaround times for permits in
order to assure logical scheduling of drilling activities, does not
easily match the time frames utilized in the Section 7 consultation
process. Operators may withdraw applications rather than struggle
with the regulatory requirements of the Act. Since no practical
exemption exists within the framework of the law, no effective
means to accelerate or bypass the process exists.

LAND -- OFFSHORE
I. Overview -- Access and Development
The extensive search for offshore 0il and gas began in the late

1940's and early 1950's on state-owned lands. In 1954, the first
lease sale was held in federal offshore waters; 54 other federal
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offshore lease sales had been held by early 198l1l. Yet only a small
part of federal offshore lands has been leased to date. The areas
that have been leased, explored, and placed into production provide
an essential part of our domestic energy. From 1954 through 1980,
more than 5 billion barrels of crude oil and condensate and nearly
50 TCF of natural gas have been produced from offshore wells in the
federal domain.39

In 1980, federal offshore lands accounted for more than 9 per-
cent of U.S. crude o0il and condensate production and 23 percent of
domestic natural gas production.40 Most of the income generated
from the sale of this o0il and gas has gone to the federal govern-
ment. Over the years, the energy industries have paid almost $41
billion to the federal government in lease bonus money, rental
fees, and royalty payments. Even before taxes, that amount repre-
sents 65 percent of the value of all of the oil and gas produced
from those leases through 1980.41

Government policies on access to and regulation of offshore
areas have increased the investment risk and significantly slowed
development. Many lease sales have been scheduled only to be
delayed and, in some cases, cancelled by federal agencies. As a
result of these actions, some of the most promising offshore areas
have never been opened to exploration. Other areas have been
opened on a limited basis only. Ninety-five percent of the off-
shore acreage remains unexplored. Some of the unleased areas rank
high as prospective candidates for commercial oil and gas discov-
eries.

This section examines the key legislative and administrative
issues facing offshore o0il and gas exploration and development.
The applicable laws discussed are the Outer Continental Shelf Lands
Act (OCSLA) Amendments of 1978; the Coastal Zone Management Act of
1972 (CZMA); and the Marine Protection, Research and Sanctuaries
Act of 1972. Also, an extensive discussion of the Five-Year OCS
0il and Gas Leasing Schedule is included.

II. Outer Continental Shelf Lands Act Amendments of 1978

The OCSLA was enacted in 1953. It asserted federal jurisdic-
tion over the OCS to a water depth of 200 meters and recognized DOI
as the agency to administer and regulate o0il, gas, sulfur, and
other mineral operations on the OCS. The Act also authorized such
rules and regulations as the Secretary of the Interior determined
to be necessary in providing for the prevention of waste, conserva-
tion of natural resources, and protection of correlative rights.

A number of environmentally oriented laws have been enacted by
Congress since the OCSLA that have changed the pattern of offshore
operations significantly, including NEPA, CZMA, the Marine Protec-
tion, Research and Sanctuaries Act, and the amendments to the Clean
Air Act and the Clean Water Act. The major legislative development
concerning offshore operations in the last decade, however, was the
passage of the 1978 amendments to the OCSLA. The stated purposes
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of the OCSLA Amendments of 1978 include: establishing policies
and procedures for managing OCS oil and gas resources to expedite
exploration and development; providing greater state and local
governmental input into OCS decision-making; minimizing risk of
damage to human, marine, and coastal environments; establishing an
0il spill liability fund to pay for prompt removal of spilled or
discharged o0il; and establishing a fisherman's contingency fund to
pay for damages to commercial fishing vessels or gear due to OCS
activities.

The provisions of this Act have delayed and restricted OCS
operations in the following ways:

@ Increased the number of agencies authorized to regulate
certain OCS activities

® Required the Secretary of the Interior to consider state
Coastal Zone Management (CZM) plans in developing five-year
leasing schedules

@ Provided for greater coastal state participation in the
leasing decision process

e Mandated certain environmental impact studies
e Provided for citizen suits
@ Compelled the use of alternative bidding systems

@ Required the promulgation and implementation of some 40 new
or revised regulations of offshore exploration and produc-
tion operations.

Permitting and licensing of OCS activities became much more compli-
cated and, therefore, more time-consuming and expensive. In 1981,
GAO estimated that the time required for the processing of explora-
tion plans and development plans rose to an average of 119 days and
206 o respectively, as compared to 30 days for each before

III. The Five-Year OCS 0il and Gas Leasing Schedule

The Five-Year OCS 0il and Gas Leasing Schedule may be the most
important procedural element in the OCS process, as it represents
the nation's commitment toward exploration and development on the
OCS. Despite this importance, the five-year schedule is but one of
many elements in the total OCS process. A basic understanding of
the total process is thus a desirable and necessary prelude to a
more detailed discussion of the five-year schedule. The early
portion of this section, therefore, has been devoted to a brief
history of the five-year schedule followed by a description of
government's role in the OCS and the administrative steps and
processes attendant to exploration and development of the 0CS.
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A. Discussion of the Five-Year OCS 0il and Gas Leasing
Schedule

1. History

The OCSLA of 1953 authorized the Secretary of the Interior to
lease federal OCS lands for oil and gas development. During the
early years from 1954 through 1969, OCS development was noncontro-
versial and there was no formal leasing schedule. An expression of
interest by industry for new lease sales and the U.S. Bureau of
Budget's requirements heavily influenced the leasing process.
During the late 1960's, BLM undertook studies to determine the
appropriate timing of lease sales. In the 1970's, environmental
emphasis was made part of the lease sale planning process. In June
1971, DOI published its first lease schedule, covering a four-and-
a-half-year time frame. Additional schedules were published
through 1977 with a four-year schedule in November 1974 represent-
ing a change of focus in the leasing program with its emphasis on
the frontier areas. The 1977 lease schedule was the first schedule
to provide a time period for state government comment on the pre-
lease planning process.

The evolution of the leasing program culminated with the OCSLA
Amendments of 1978, which required the development of a five-year
leasing schedule and mandated that state and local governments be
included in the OCS decision-making process. In June 1979, a
proposed five-year schedule was submitted to Congress and state
governments for review and comments. Following a year of review, a
final five-year schedule was published in June 1980 (Table 21).

A new, comprehensive schedule was proposed by the Secretary of
the Interior in April 1981 (Table 22). This proposed schedule must
undergo the same approval process as the prior schedules. There-
after, the Secretary is required to review the schedule annually
and must obtain Congressional and state review of all proposed
changes.

2. Importance of the Schedule

The five-year leasing schedule represents a commitment by
government to open designated areas in the OCS to exploration for
0il and gas resources. The schedule provides the planning tool
needed by government and industry to create an orderly process and
to allocate technical and financial resources.

The schedule is important to government as a planning mecha-
nism from which programs may be developed to perform the necessary
administrative actions leading to each individual sale. The indi-
vidual administrative steps accompanying a sale are discussed in
the following sections. The five-year schedule also provides a
priority schedule for the BLM Environmental Studies Program. By
utilizing this schedule, field data and scientific studies may be
acquired in a timely manner to have data available for the prepara-
tion of the environmental statement for each sale.

146



LYT

TABLE 21

Final Five-Year OCS 0il and Gas Leasing Schedule -- June 1980
PROPOSED 1980 1981 1982 1983 . o194 B 1985
PROPOSED SALE AREA DATE J ND J D J J s D FM s AMJ s AasonND|s ASOND
A62 Gulf of 9/80 [ B -
55 Gulf of Alaska| 10/80 FoP NS
62 Gulf of Mexico F P SSRNS N
53 Central N. Calif.|  5/81 E H FP ScRNS -
P P
E H ) o
56 South 8/81 E H F P SRNS - ~ . é /
60 Cook Inlet  9/3] £ H F P ScRNS - o 5 e \
66 Gult P' Mexico 19/871 _ HT H "A APA ScRN S - -. Secretary of the Interior
59 Mid-Atlantic  12/81 E H F P ScRNS .
67 Gulf of Mexico  3/82 D T E H F P NS
RS2 Reoffering Sake  6/82 - P O%NS
68 Southern California  6/82 D T © E H F P ScRNS -
69 Gulf of Mexico 8 ‘32 0T E W F P S%RNS
57 Norton Basin  9/82 o G H PP S%RNS
52 North Atlantic  10/82 D T B F P SRNS
70 St. George Basin  12/82 T £ B
71 Beaufort Sea  2/83 T E H PP RNS
moanw 3783 . C o1 E M F P SRNS
61 Kodiak 4/83 ¢ D T o EH O F SCRNS
73 California  5/83 o0 1" E H F.P ScRNS N
RS-3 Reoffenng Sale P .
74 Gulf of Mexico C o1 H F
75 No. Aleutian Shelf  10/83 c D T ) B 3 FoP oSRNS
76 Mid-Atlantic  11/83 o ¢ o0 T E H f RNS
78 South Atiantic  1/84 (o D T ) H P RNS
79 Gulf of Mexico o o S C 0T EH F P SRNS
RS-4 Reoffering Sale  5/84 . o B P RNS
80 California  6/84 - - c o 1 E H F P SRNS B
81 Gulf of Mexico 7,84 o c o071 E HF P ScRNS
82 North Atlantic 1084 - - c b T E W F P SRNS
83 Navarin Basin 12 84 N N | T E K F P S.RNS
T Fop s '
7785 Chukchi Sea ) c D T B F P ScRNS B
86 Hope Basin 585 C D T . ) ) E . H  F P %RNS
RS-5 Reoffering Sate o o ) s
C - Call For Nominations H - Public Hearing R -Energy Review Y The hoiding of the Chukchi Sale at this time is gent upon a r

0 - Nominations Due

T - Tentative Tract Selection

E - Draft Environmental Statement

SOURCE: U.S.

F - Final Environmental Statement
P - Proposed Notice of Sale
S, - State Comments Due

N - Notice of Sale
S - Sale

Department of the Interior.

assumption that technology will be available for exploration and development

ot the tracts included in the sale.
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TABLE 22

Draft Proposed Five-Year OCS 0Oil and Gas
Leasing Schedule -- April 1981
SALEJAREA “pate 1 182 NG 19“-4 N D e NID 1988 JFM mw.:aliunslowuo
67 Guif of Mexico 2/82 NS/ [
68 S. California 4/82
57 Norton Basin  ~ 5/82 T T
RS-2 6/82 Pl
52 North Atiantic 8/82 o T
71 Diapir Fed 10782 E Hl @ %
69 Gulf of Mexico 11/82 P!
70 SL George Basin  12/82 'r -
R 77 B T (L T
76 Mid Atiantic 2/83 E R % &NS
35 N. Aleutian Basin  4/83 EH NS
72 Guif of Mexico  5/83 T S
RS-3 6/83 P
78 So. Atiantic 7/83 EH % @GNS
74 Gufof Mexico  11/83 | | | F P SNS - -
83 Navarin Basin 12/83 LCiDt A EH % S
1/84 ey A W GN[S
82 N. Atantic 2/84 H %% NS
87 Diapir  Reld 3/8 | €Dl iA E_H
79 Guif of Mexico 4/84 Pl e A E H %
88 Norton Basin 6/84 co A E H | "% %NS
RS-4 7/84 P §NS
89 St George Basn  10/84 A EH % NS
81 Gulf of Mexico  11/84 | | E W F P S.
85 Bamow Arch 1/85 i : EH % S
90 Atiantic 2/85 Al CELH %GNS |
91 Catformia 3/85 ' col a E H % [&NS
84 Gulf of Mexico 4/85 ) c0 A EH
RS-5 5/85 | P oGNS
92 N. Aleutian Basin  6/85 L CD [A EH NS
86 Hope Basin 7/85 . cD| A EH i 1
93 SL Matthew-Hal | 10/85 co A EH S i
94 Guff of Mexico | 11/85 cD A E R F NS
95 Catfornia 1/85 - col A 3 NS 0!
96 Atiantic 2/86 co & 3 W NS
97 Diapir Reid 3/86 B co a 3 » S
98 GuMf of Mexico 4/86 cD A H " NIS
RS-6 5/86 ] P SNS
99 Norton Basin 6/86 : Co |A QNS
100 S. Alaska * 8/86 Co0 & H S
101 St. George Basin [10/86 | ' ° cD a EH GNS
102 Guf of Mexico  |11/86 ' | A I 13 !
C - Call for Information F - Final Environmental Impact Statement
D - Information Oue P - Proposed Notice of Sale
A - Area Selection G - Governors' Comments Due
E - Draft Environmental Impact Statement R - DOE Review
H - Public Hearing N - Notice of Sale
S - Sale

# includes Cook Inlet, Shumagin, Kodiak, Gulf of Alaska

SOURCE: U.S. Department of the Interior.

The five-year leasing schedule serves as a basis for industry
planning by OCS operators, service industries, drilling contrac-

tors, and other suppliers and support industries.

The schedule is

exceptionally crucial in governing the timing of collection of
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geophysical and geological data necessary for operators to prepare
for each sale. Geophysical interpretations, particularly in fron-
tier areas, are the basis for locating structures of interest and
for determining bids to be made on individual tracts when a sale
occurs. Collection of seismic data to make these interpretations
must often be commenced several years before the area is to be

of fered for sale to allow sufficient time for study and interpre-
tation.

During the preparation of the five-year leasing schedule,
states, local communities, and other interested parties are af-
forded an opportunity to comment on the schedule, particularly on
how sales may affect the state or community. This process may
often cause changes in the schedule to accommodate state, regional,
or local concerns. The final approved five-year schedule provides
a useful mechanism to the states and local communities from which
they may give consideration to creation of infrastructure necessary
to support the anticipated OCS activity, the most desirable loca-
tion of onshore and support facilities, and the interfaces that
state and local governments wish to have with the industry
activity.

The five-year schedule also provides other groups the oppor-
tunity to anticipate timing of OCS operations that may affect their
interests. The schedule is of particular interest to environmental
groups, which have frequently challenged the ordering of sales with
respect to the availability of scientific data on the potential
adverse impacts on biological communities resulting from explora-
tion and development activities.

B. The Role of Government in the OCS

The federal government serves as the manager of the 0OCS
resource. The government has authority over which of the O0OCS
resources will be offered for exploration and development, and the
time frame in which they will be offered; the conditions under
which industry will be allowed to explore and develop these
resources, including bonuses to be paid for the opportunity to
explore and develop and royalties to be paid to the federal
government if production is obtained; and the rules under which
operations will be conducted, taking into account environmental
concerns and potential conflicts with other ocean industries such
as fishing and shipping.

In carrying out these and other functions, as many as 18
federal agencies have an active interest in some aspects of OCS
operations and occasionally participate in the shaping of proposed
actions. Of these, six agencies have statutory authorities that
require them to regulate day-to-day operations on the 0OCS: the
Department of the Interior's Bureau of Land Management and Geologi-
cal Survey; the Department of Transportation's (DOT) U.S. Coast
Guard and Materials Transportation Bureau/Office of Pipeline Safe-
ty; the Environmental Protection Agency; and the Department of
Defense (U.S. Army Corps of Engineers). The role of these agencies
in OCS development activities is discussed in more detail below.
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1. Department of the Interior

DOI has general responsibility for managing mineral leasing on
the 0OCS, including coordination of federal activities. Within the
Department, BLM and USGS are the two principal units with OCS
regulatory responsibilities. The OCSLA of 1953 increased BLM's
responsibilities by making it responsible for administering the
leasing procedures for OCS tracts. Guided by the Act, BLM issues
lease stipulations that set forth the terms guiding development and
the constraints and procedures that are to be observed by oper-
ators. Lease stipulations also cover pipelines; however, BLM and
USGS have concluded a memorandum of understanding (MOU) concerning
the approval of OCS pipeline routes and construction. This MOU
helps to clarify the roles of BLM and USGS relating to pipelines
and is intended to minimize overlapping functions.

USGS issues regulations for oil and gas operations on the OCS.
Regulations are proposed, written, implemented, and enforced by
USGS to assure that operations under federal oil and gas leases and
permits on the OCS emphasize the safety of operations, prevention
of pollution, and protection of life and property, and that they
minimize the risk of environmental damage.

2. Department of Transportation

The principal units in DOT with regulatory responsibilities for
0il and gas on the OCS are the Coast Guard and the Office of
Pipeline Safety Regulation in the Materials Transportation Bureau.

The Coast Guard's regulatory authority generally relates to its
responsibility for maritime safety and for the safe operation of
vessels and floating ocean structures. Under the OCSLA Amendments
of 1978, the Coast Guard promulgates and enforces regulations to
promote the safety of life and property on OCS facilities and
vessels engaged in OCS activities.

The Natural Gas Pipeline Safety Act of 1968 established the
Office of Pipeline Safety in DOT. This office develops standards
and regulations to assure safe construction and operation of
pipelines, including those on the OCS. Renamed the Office of
Pipeline Safety Regulation, this unit of the federal government
moved to the newly created Materials Transportation Bureau in 1977.
The office has jurisdiction for gathering lines and transmission
pipelines offshore and onshore, but pipelines of an oil- or gas-
producing facility are under the jurisdiction of USGS from the
platform to the flange connected to the gathering lines. The scope
of responsibility is described by an MOU between DOT and DOI, but
the agreement fails to clarify jurisdiction over a number of other
types of pipelines, such as transmission pipelines mounted on and
crossing over fixed offshore platforms.

3. Environmental Protection
While EPA is responsible for regulating air quality on land,

the OCSLA specifically charges USGS with regulating the air emis-
sions of OCS installations. EPA's major authorities on the OCS are
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those sections of the Clean Water Act of 1972 as amended that
authorize the setting of effluent standards and ocean discharge

criteria, and the issuing of discharge permits that reflect the
standards and criteria.

4. Department of Defense

In accordance with OCS legislation, the Defense Department's
U.S. Army Corps of Engineers occasionally has established shipping
safety fairways and anchorages on the OCS to control the erection
of structures in order to provide safe approach for vessels through
areas of mineral exploration and development. However, the Ports
and Waterways Safety Act of 1978 gave the Coast Guard the authority
to establish, operate, and maintain routing systems and fairways.
Nevertheless, the U.S. Army Corps of Engineers retains responsibil-
ity for shipping safety fairways and anchorage areas in the Gulf of
Mexico and in the Pacific Ocean at Port Hueneme, California. The
Corps have also established regulations that authorize drilling in
the Gulf of Santa Catalina, California.

C. Lease Sales and Permitting

l. Individual Lease Sales

a. Call for Information

The OCS has been divided by coordinates into a system of blocks
of three miles on each side containing 5,760 acres. In issuing
calls for information, BLM identifies the overall area in which the
sale is to be held. Such an area will include several hundred
blocks of 5,760 acres each, depending upon the amount of acreage to
be offered in the sale. Interested parties, primarily industry,
will nominate to BLM those blocks that they prefer to be included
in the forthcoming sale. Other groups such as public interest
groups, the fishing industry, states, or other interested parties
may also nominate tracts to be included or tracts that should be
excluded from the sale area. Based on comments received and
nominations made, either positive or negative, BLM then makes a
preliminary decision as to which blocks will be included in the
forthcoming sale.

b. Draft Environmental Impact Statement

The next step in the sale preparation process is to prepare an
environmental review and to present that review in a document
called the Draft Environmental Impact Statement (DEIS). The DEIS,
prepared by BLM, reviews the projected environmental consequences
of exploring and developing all of the tracts tentatively selected
for sale as well as the alternatives to holding the sale.

c. Public Hearing

After publication of the DEIS, notice is given in the Federal
. — to interested parties that a public hearing will be held
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concerning the forthcoming sale. Such hearings are normally held
near the offshore sale area. Any individual with an interest in
the sale may request and obtain the opportunity to speak at the
hearing. Such hearings are conducted before a panel of individuals
from DOI and a full transcript of the hearing is made containing
both oral remarks and written statements submitted to the panel.

d. Final Environmental Impact Statement

The Final Environmental Impact Statement (FEIS) is a modified
version of the DEIS that takes into account oral and written com-
ments received at the public hearing. The FEIS may delete certain
tracts from the sale depending upon public comments received, and
in its final form serves as the official document to satisfy NEPA
requirements.

e. Proposed Notice of Sale

The proposed Notice of Sale sets forth the tracts proposed for
inclusion in the forthcoming sale and the proposed conditions under
which such tracts will be offered. Proposed conditions will
include the bidding system to be utilized as well as stipulations
regarding the conduct of operation on certain tracts in the sale
area. The proposed notice elicits public comment as to these con-
ditions in the sale area for consideration by the BLM in preparing
the final Notice of Sale.

f. Notice of Sale

The Notice of Sale sets forth the date, time, and place that
the sale will be held, the tracts to be offered in the sale, and
the conditions under which such tracts will be offered.

g. Sale

The lease sale is conducted by the regional BLM manager respon-
sible for the sale area. Companies or individuals submit sealed
bids to BLM and such bids are opened and announced at the sale.

The high bidder for each tract must submit a certified check
amounting to 20 percent of his bid during the sale proceedings.
The award of tracts must be made by BLM within 60 days following
the sale. The high bidder is not automatically awarded the lease,
because DOI may reject any bid as too low.

Offshore lease sales rely mainly on a bonus-bid/fixed-royalty
format. This format requires significant sums of "up front money"
(money needed immediately for payment of the bonus and first-year
rental). The bonus assures the government of significant income
from the lease, even if later exploration results in no commercial
0il or natural gas discovery.

h. Lease Terms

In general, offshore primary lease terms are for a period of
five years. Under certain conditions, a l1l0-year lease term is
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authorized under the OCSLA Amendments of 1978 (for example, in some
deepwater and frontier areas). Lease rights extend past the pri-
mary term for as long as commercial production continues.

2. The Permitting Process
a. Overview
Post-sale permits and other actions or filings required of the
operator in order to proceed with exploration, production, and de-
velopment are far too numerous to allow discussion on an individual
basis. A partial listing of such requirements by each of the agen-

cies with primary jurisdiction over OCS activity is shown below.

e U.S. Geological Survey

Plan of Exploration

Plan of Development

Plan of Production/Operation
Platform Permit Application
Platform Design Certification
Platform Completion Notice
Sundry Notice of Soil Borings
Annual Pipeline Inspection Report
Facilities Permit Application
- Pipeline Permit Application

- Suspension of Production

- Leaseholder Determination

- Drilling Permit

- Workover Permit

e U.S. Army Corps of Engineers

Blanket Permits

Individual Permits

- Notice of Rig Movement

Notice of Beginning Installation
Notice of Completion Installation
Annual Structure Report

@ U.S. Coast Guard

Notice of Rig Movements

Notice of Establishing or Discontinuing Navigation Aid
Notice of Change in Navigation Aid Equipment

Notice of Change in Ownership of Structure

e U.S. Environmental Protection Agency

National Pollution Discharge Elimination System (NPDES)
Permits.

b. Key Permitting Requirements

All of the foregoing permitting requirements are important and
must be satisfied prior to commencing operations. However, some
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processes are more difficult to satisfy and less predictable than
others. These processes are described below.

(i) Plans of Exploration

The Plan of Exploration (POE) is filed with USGS and contains
a description of the exploratory drilling activities the operator
proposes to perform on each lease. In addition to all pertinent
data concerning wells proposed to be drilled, the POE must be
accompanied by an environmental report stating the probable conse-
quences of the proposed exploratory activity. The POE is submitted
to affected adjacent states that have approved CZM plans for their
review as to the consistency of the proposed operations with the
state's CZM plan. Although the USGS supervisor must approve or
reject the plan within 30 days of receipt, the adjacent states have
a period of 180 days to review the plan for consistency. Affected
states may reject the plan as inconsistent with their CZM plan, or
may request additional information through USGS at any juncture
within the 180-day approval period.

(ii) Plans of Development

The Plan of Development (POD) serves the same purpose as the
POE except that it concerns the development phase of OCS opera-
tions. The POD receives the same review from USGS and affected
coastal states, but will tend, in general, to be more complex than
the POE, as the magnitude and complexity of operations performed
during development are much greater than during the exploration
phase.

(iii) NPDES Permits

NPDES permits administered by EPA cover all intentional dis-
charges from an operation in the OCS. During exploratory drilling,
these discharges would include primarily sanitary sewage discharges
and the discharge of drilling muds and cuttings. During producing
operations, discharges would also include formation waters produced
with the o0il or gas. 1In filing for this discharge permit, the
operator must state the volume of his expected discharges and must
identify expected toxic substances contained in these discharges.

After processing the permit application, EPA normally issues a
draft permit and invites comment from the affected operator and the
public on the conditions of the permit. In frontier and sensitive
areas, it has been common for EPA to require extensive monitoring
programs and/or special biological studies as a condition for per-
mit approval. In certain situations, permit approval may require a
period of six months to one year or longer. The NPDES permit is
also subject to an administrative procedure called "an evidentiary
hearing," which may be requested by the operator or any other in-
terested party. Evidentiary hearings will result if an interested
party can show cause why the hearing is necessary. The scheduling
of evidentiary hearings usually requires a period of many months
and may result in denial of the permit, or at a minimum, a delay of
one year or more in permit issuance.
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EPA issued three general permits for Gulf of Mexico OCS opera-
tions in April 1981, in recognition of the needs for administrative
simplification of the permitting process, the minimal impacts of
the discharges, and the similarities of the operations in many
different locations.

In September 1981 EPA published a draft general permit for OCS
operations off Southern California.44 EPA said that a review of
the individual NPDES permits already issued under the Clean Water
Act for the 15 exploratory drilling vessels and 12 production plat-
forms in the affected area clearly indicated that these facilities
would be more appropriately controlled by a single general permit,
which is expected to be issued in early 1982.

EPA said that under a general permit, environmental monitoring
can be defined and imposed on facilities operating in a permit
area, thus reducing the cost per facility and providing the Agency
with a better mechanism to address environmental degradation. EPA
added that general permits eliminate, for the Agency, the time-
consuming and resource-intensive process of reviewing and evaluat-
ing individual permit applications, and significantly reduce the

regulatory burden imposed on industry in applying for and obtaining
individual permits.

The facilities involved in the general permit are located where
discharges will not significantly affect the marine environment.
EPA stated that in view of the national effort to identify and
develop the nation's natural resources, and in view of DOI's ef-
forts to accelerate offshore 0il and gas lease sales, it is partic-
ularly important that EPA expedite issuance of NPDES permits for
these facilities. EPA commented that a general permit would be
particularly appropriate for mobile drilling units, because it
allows them to move efficienty from one location to another.

D. Environmental Considerations
1. The Final Environmental Impact Statement

The preparation and publication of the Five-Year OCS 0il and
Gas Leasing Schedule has been viewed by DOI as a "major federal
action" subject to the NEPA process. The FEIS for the March 1980-
February 1985 five-year schedule was published by BLM in 1980.
Although this document is considered necessary to satisfy legal and
administrative processes, there are no environmental impacts in the
OCS that result from the publication of the five-year schedule. As
the schedule lacks specificity as to the location of tracts to be
offered in individual sales, the potential environmental impacts
for each sale area have, by necessity, been addressed in general
terms.

In considering potential environmental consequences, the FEIS
considers five generic impact-producing factors: o0il spills, water
effluents, air emissions, onshore facilities, and offshore facili-
ties. These generic factors may impact on certain systems, activi-
ties, or other concerns, including the marine environment, coastal
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ecosystems, water quality and supply, navigation, commercial fish-
ing, endangered species, air quality, and socio-economic systems.
The FEIS also treats in a similar manner a number of alternatives
to the final five-year schedule that delete different sales from
the schedule.

Accurate prediction of the environmental consequences of the
five-year schedule is impossible, due to a lack of knowledge as to
which tracts will be leased in a given sale area, where exploratory
drilling will be conducted, whether discoveries will be made,
whether such discoveries will be o0il or gas, and the nature and
location of any operational incidents attendant to the offshore
operation. The FEIS assumes that exploration, development, and
production will occur in all sale areas and that oil will be dis-
covered and produced in volumes equal to the USGS resource estimate
for the area. These assumptions are perhaps as good as any if it
is presumed that the totality of all possible OCS activities must
be addressed simultaneously in a single document. A simpler ap-
proach, which could eliminate much conjecture and generality, would
be initially to limit consideration of environmental consequences
to exploratory drilling activities and augment the FEIS with
supplemental environmental statements for those areas in which
marketable discoveries occur. This approach to streamline the EIS
process is under consideration for the OCS leasing process.

2. Predictable Impacts of Drilling on the OCS
a. Onshore Impacts

Onshore environmental impacts associated with exploratory
drilling areas arise from the need for a temporary land base to
support the offshore operation. These activities are principally
related to stockpiling, loading, and transportation of equipment
and supplies; the housing and care for associated employees; and
the transport of offshore workers to and from offshore drill-
ing rigs.

The nature and scope of these operations are well documented
and the impacts are generally modest in populated coastal areas.
The same operations conducted in unpopulated or sparsely populated
areas may become more significant because of the lack of an estab-
lished infrastructure.

b. Offshore Impacts

Of fshore impacts result from the moving of drilling equipment
to and from well sites, the conduct of the drilling operations, and
the transport of supplies to and from the rigs. Areas of concern
during exploratory drilling focus on possible conflicts with other
ocean industries, principally fishing, and the environmental conse-
quences from discharge of drilling muds and cuttings as well as the
potential for oil spills. 1In frontier areas offshore Alaska, con-
cerns also are raised relative to the effect of offshore drilling
operations on a variety of sea animals, particularly the bowhead
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whale, which is important to the subsistence of certain native
groups. The NPC has addressed these concerns in its 1981 report,
U.S. Arctic 0Oil and Gas.

The degree of impact by exploratory drilling operations on
these areas of concern is controversial, viewed by some to be neg-
ligible, and by others to be potentially significant. The degree
of concern is, however, substantially less than for development
activities. The only known and predictable impacts are those
resulting from the physical presence of drilling rigs and support
vessels and the discharge of drilling muds, cuttings, and treated
sanitary wastes into the ocean. The support vessels (two per rig)
will cause some modest temporary increase in marine traffic, and a
drilling rig will temporarily occupy approximately one acre. The
impact of the temporary discharges should be modest, given that the
number of wells drilled will be limited.

All other potential impacts from offshore operations are purely
speculative. No o0il spill exceeding 50 barrels has occurred in
U.S. waters during exploratory drilling in the history of the OCS.
Although there is no absolute assurance that a larger spill will
not occur in the future, the probability of such a spill is low.

E. The Five-Year Leasing Schedule as a Withholding
Mechanism

OCS areas omitted from the five-year schedule or appearing late
in the schedule may have great significance in the nation's effort
to increase the domestic supply of oil and gas. The June 1, 1980,
schedule (Table 21) is a case in point. The alternative schedule
proposed by DOI in April 1981 (Table 22) advances sales in high-
potential basins of Alaska and could result in production increases
of several million barrels per day by 1995. Both schedules were
prepared from the same data base; thus, such projected production
increases are achieved solely by earlier scheduling and more
frequent sales, particularly in the high potential basins in the
Alaskan OCS.

F. Litigation

The most serious disruptions of scheduled sales have occurred
as a result of legal challenges. All recent OCS lease sales,
except Sale #43 in the South Atlantic, have been subject to litiga-
tion. The consequent postponement of sale dates, followed in many
cases by legal considerations of a lessee's right to commence
drilling operations, has created an aura of uncertainty regarding
all sales, particularly so in frontier areas. NEPA's EIS require-
ments have been the most frequently used instrument for such court
challenges; however, other environmental statutes contain citizen
suit provisions on which challenges can be based.

IV. Coastal Zone Management Act
In 1972, Congress passed the CZMA to establish a national

policy and develop a national program for the management,
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beneficial use, protection, and development of the land and water
resources of the nation's coastal zone. The 1972 Act was intended
to encourage and assist states to create management programs to
"preserve, protect, develop and wherever possible restore the
resources of the coastal zone of the United States."45

The CZMA recognized the states as the focal point for coastal
zone planning and management. The states could delegate some or
all of their responsibility to local governments, or to area or
interstate agencies. Encouragement for the states to become active
in coastal zone management was provided by a series of financial
grants to develop and administer CZM programs.

An applicant for a federal permit must certify that his pro-
posed activity in the coastal zone is in compliance with a state's
federally approved CZM program. Before a federal permit can be
issued, the state must certify that it concurs and that it was
given six months to make such a finding. If a state rejects the
consistency certification, the permit cannot be issued unless the
Secretary of Commerce overrides the state's action on his own ini-
tiative or on appeal by the applicant. The grounds on which the
Secretary can override a state consistency decision are extremely
narrow. Since there is no time limit within which he must act, a
final decision can be delayed indefinitely.

By 1976, when the CZMA was first amended, only the state of
Washington's CZM program had been approved and the consistency
certification issue had not surfaced as a potentially major problem
for industry. As a consequence of the 1973-1974 oil embargo the
nation recognized the need to accelerate domestic oil and gas
exploration, particularly offshore. The thrust of the 1976 amend-
ments was to assist the states to meet the challenges and impacts
of accelerated OCS oil and gas activity. Congress perceived that
its amendments would encourage new or expanded oil and natural gas
production from the nation's OCS in an orderly manner "by providing
for financial assistance to meet state and local needs resulting
from specified new or expanded energy activity in or affecting the
coastal zone."46

Two major changes were made in the CZMA to accomplish this
goal. First, a Coastal Energy Impact Fund was created to finance
public facilities and services. Second, the states' consistency
powers were extended to include Exploration and Development and
Production Plans submitted by operators on the OCS. Thus, all
post-sale offshore oil and gas activity required state consistency
certification before it could begin.

Following the passage of the 1976 amendments, the oil and gas
industries became aware of the potential for delay and other prob-
lems the Act created by the expanded consistency provisions. API
challenged the National Oceanic and Atmospheric Administration's
(NOAA) approval of California's and Massachusetts' proposed CZM
programs, charging that NOAA did not comply with requirements set
out in the 1976 amendments as they applied to an energy facility
siting procedure in the CZM program, and that NOAA did not ade-
quately consider the national interest. API was not upheld by the
courts.
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As of September 1981, 20 state and five territory CZM plans
were approved by the NOAA. An additional six states' plans were in
various stages of completion, and it appeared that Georgia,
Virginia, Minnesota, Texas, and Illinois would not participate in
the CZM program.

During the 1976-1980 period, considerable controversy developed
around the application of Section 307 consistency provisions. Some
states (notably California) have asserted that such activities as
OCS tract selection, lease stipulations, and lease sales are fed-
eral activities "directly affecting" the coastal zone and therefore
fall within the coverage of the federal consistency provisions in
Section 307 (c) (l). In effect, these coastal states contend that
DOI must agree to all OCS tract selection and lease stipulations
recommended by them. DOI maintains that pre-lease OCS activities
do not directly affect the coastal zone.

A serious consistency controversy surfaced between the State of
California and DOI regarding OCS Lease Sale #48, where tracts
offshore of southern California were leased. A controversy also
existed before Sale #48 between DOI and the Department of Commerce
as to whether such pre-lease activities as tract selection or lease
stipulations were covered by federal consistency provisions. On
December 5, 1978, the California Coastal Commission wrote to the
President, requesting that the issue be settled before 0OCS Lease
Sale #48. A Department of Justice legal opinion on the subject was
issued April 20, 1979, saying that Section 307 (c) (1) was appli-
cable to DOI's pre-lease sale activities, but only if those ac-
tivities "directly affected" the coastal zone. In May 1979, DOI
notified the State of California that none of its pre-sale activi-
ties in regard to Sale #48 had a direct effect on the California
coast. California disagreed and requested mediation of the dispute
by the Secretary of Commerce as provided for by Section 307 (h) of
the CZMA. A public mediation hearing was held in Long Beach,
California, on September 7, 1979, followed by a private conference
on October 19, 1979. The mediation process was unsuccessful, but
the sale was eventually held.47

As a result of the controversy in lease sale No. 48 concerning
state consistency review, API and Western 0Oil and Gas Association
proposed amendments to the Congress in 1978-1980. The proposal
requested that Section 307 (c) (3) of the CZMA be amended to apply
only to activities conducted in the coastal zone. But Congress
felt it had addressed the consistency issue in its 1976 amendments
to the CZMA and that industry was unable to prove that consistency
certifications had delayed or disrupted OCS activities.

Congress passed the Coastal Zone Management Improvement Act of
1980 after a series of oversight hearings. Consistency provisions
were not changed. The new act merely clarified and expanded the
policy section of the statute (Section 303); provided for addi-
tional grants to states for resource management, and for urban
waterfront and port improvement (Section 306 A); encouraged the
states to inventory and designate "coastal resources of national
significance"; and authorized appropriations through September 30,
1988, for most grants.
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On May 28, 1981, DOI held a lease sale of 81 tracts off central
California. A lawsuit to block the sale was filed by the state of
California and a number of local governments and environmental
groups. The state challenged the DOI proposal under the con-
sistency provisions of the CZMA, NEPA, OCSLA, Endangered Species
Act, and Marine Mammal Protection Act. The U.S. District Court for
the Central District of California granted summary judgment to
California on its claim that the lease sale would directly affect
the state's coastal zone, and that therefore under the CZMA there
would have to be a determination that the federal proposal be con-
sistent with the state's CZM program. The Court ruled against
California on its claim that the sale violated NEPA, OCSLA, the
Endangered Species Act, and the Marine Mammal Protection Act. Both
the state and DOI have appealed the decision. Pending the outcome
of these appeals, DOI has decided to delay its decision to hold a
lease sale in four northern California areas until at least 1983.

In summary, the CZMA has the effect of providing coastal states
with virtual veto power over federally licensed or permitted ac-
tivities on the 0OCS. The veto applies if, in the opinion of the
coastal state, federally approved activities will not be carried
out in a manner consistent with the federally approved CZM program
in that state. The CZMA and its regulations enable coastal states
with approved CZM plans to delay and, in some instances, to prohi-
bit the issuance of federal permits, including those needed under
OCS o0il exploration and production plans. This process has re-
sulted in some lengthy delays in offshore development, and recently
resulted in the stoppage of OCS Sale No. 53, offshore central
California.

The federal consistency provisions of CZMA seem to be unnec-
essary. Adequate procedures for considering state comments and
recommendations already exist. The OCSLA, as amended, requires the
Secretary of the Interior to accept a state's recommendations as to
the size, timing, and location of lease sales, and as to develop-
ment and production plans, if the Secretary determines that they
provide for a reasonable balance between the national interest and
the well-being of citizens of the affected states.

V. Marine Sanctuaries Program

The Marine Sanctuaries Program was established by Title III of
the Marine Protection, Research and Sanctuaries Act of 1972.
Although only four pages in length, the potential impact of this
program has stirred considerable controversy over the past several
years. The legislative history indicates that the intent was to
provide a scheme for multiple uses of marine resources while
providing protection for specific marine environments. The Act
authorizes the Secretary of Commerce (with Presidential and Con-
gressional approval) to designate areas of the ocean and certain
other waters as marine sanctuaries for the purpose of "preserving
or restoring such areas for their conservation, recreational, eco-
logical, or esthetic values." They may be designated outward to
the edge of the OCS and also in the Great Lakes and their asso-
ciated waters. The Secretary of Commerce is empowered to issue
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"necessary and reasonable regulations” to control activities within
the sanctuary through the guidance of NOAA.

NOAA published draft site-selection criteria and as a result
over 170 nominations were received by February 1978. These were
reduced to approximately 100 for further consideration.

Revised regulations for clarification of the policies and
objectives of the program were issued in July of 1979. These
regulations included the criteria and procedures for nominating,
evaluating, and designating areas as sanctuaries.

If the listed areas meet one or more of the following key
criteria, further consideration is given.

@ The area contains important habitats on which rare,
endangered, threatened, or valuable species depend.

@ The area contains a marine ecosystem of exceptional
productivity.

@ The area provides exceptional recreational opportunity and
values.

@ The area contains historic or cultural artifacts of
widespread public interest.

@ The area contains distinctive or fragile ecological or
geologic features of exceptional scientific research or
educational value.

The next step is to select "active candidates" from this list for
further evaluation. The criteria for selecting active candidates
are more definitive.

@ The severity and imminence of existing or potential threats
to the resources, including the cumulative effect of various
human activities that individually may be insignificant

@ The ability of existing regulatory mechanisms to protect the
values of the area's resources and the likelihood that
sufficient effort will be devoted to accomplishing those
objectives without creating a sanctuary

@ The esthetic qualities of the area
e The type and estimated economic value of the natural
resources and human uses in the area that may be foregone

if a sanctuary were established

® The economic benefits to be derived from protecting or
enhancing the resources within the proposed sanctuary area.
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Six marine sanctuaries have already been designated:

The Monitor National Marine Sanctuary was designated to
protect the Civil War ironclad, the U.S.S. Monitor. The
sanctuary is one mile in diameter and is located southeast
of Cape Hatteras, N.C. It was established in January 1975.

The Key Largo Coral Reef National Marine was
established in December 1975 to provide management and
enforcement for the protection of a 100-square-mile coral
reef area south of Miami.

Channel Islands National Marine Sanctuary, off the coast of
California and adjacent to the northern Channel Islands and
Santa Barbara Island, consists of 1,252 square miles and was
designated in September 1980. Its purpose is to protect
valuable habitats for marine mammals and sea birds.

Looe Key National Marine Sanctuary, designated in January
1981, consists of five square miles of a submerged reef
southwest of Big Pine Key, Florida.

Gray's Reef National Marine Sanctuary is a l7-square-mile
live bottom area east of Sapelo Island, Georgia. This is

considered to be a very productive and unusual habitat. It
was designated in January 1981.

The Point Islands National Marine Sanctuary,
also designated in January 1981, is 948 square miles off-
shore of San Francisco, California. It contains a diverse
array of marine mammals and birds.

There are seven other candidates in various stages of evalua-
tion for possible marine sanctuary designation:

Flower Garden Banks in the Gulf of Mexico

Monterey Bay, offshore California

Waters southwest of St. Thomas, Virgin Islands

Waters around Mona and Monita Islands, Puerto Rico
Waters around Culebra and Culebrito Islands, Puerto Rico
Nantucket Sound, offshore Massachusetts

Waters off Maui, Hawaii.

When an active candidate has been selected, an issue paper 1is
developed that analyzes the area's unique features and possible
boundary and regulatory alternatives. Public workshops are held to
discuss the information reviewed in the issue paper and to solicit
public opinions on the establishment of the sanctuary. If review
warrants proceeding, a DEIS is prepared that analyzes all facets of
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the environment being considered and regulatory options that are
available. Public hearings are held to comment on the DEIS.

When a marine sanctuary is recommended for approval, the FEIS,
with input from other federal agencies, is transmitted to the
President. The sanctuary designation becomes effective after
Presidential approval. Two actions can block this approval:

e If a sanctuary includes state waters and is deemed un-
acceptable by the Governor, the Governor may nullify the
designation of all or part of the state waters or certain
terms or regulations affecting the state waters.

@ Both Houses of Congress may adopt a concurrent resolution
that disapproves the designation or any of its terms.
This two-house Congressional veto provision was added as an
amendment to Title III when the program was reauthorized for
fiscal year 1981.

The original thrust of the program was to establish small, dis-
crete areas. However, emphasis was later placed on the prohibition
or severe restriction of petroleum activity in large areas. The
proposed Georges Bank Marine Sanctuary encompasses approximately
20,000 square miles; the Santa Barbara Channel Islands Marine Sanc-
tuary, 1,252 square miles; and the proposed Flower Gardens Marine
Sanctuary, approximately 276 square miles (to protect 14 square
miles of coral reef in the Gulf of Mexico).

Two areas, one proposed and one already designated as a sanctu-
ary, have high energy potential: the proposed Flower Gardens Banks
and the designated Santa Barbara Channel Islands. Regulations
associated with a designation would prohibit all future oil and gas
operations on unsold lease tracts in that area. In the Santa
Barbara Channel Islands case, however, NOAA has responded to sharp
criticism and has suspended the oil and gas prohibition until a
regulatory analysis can be prepared. Other areas with potentially
large amounts of oil and gas, especially vast areas of offshore
Alaska (200,000 square miles), have been or will be proposed as
sanctuaries.

In most cases, NOAA has not justified its categorical exclu-
sions of energy development in vast ocean areas. Indeed, given the
environmentally safe manner in which oil and gas activities are
conducted under programs administered by other agencies of the
federal government, actions excluding energy development in such
areas seem unjustified.

Through 1980, more than 25,000 wells had been drilled in U.S.
waters, 48 yet there has been only one offshore platform accident
that resulted in significant quantities of o0il reaching nearby
shores -- the accident in the Santa Barbara Channel in 1969. Both
government and private scientific investigators report that there
is no evidence that permanent damage resulted from that oil spill
and that the area has recovered from any temporary damage (see
Chapter Six).
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In the northern Gulf of Mexico, the most explored offshore
geologic province in the world, no significant adverse environ-
mental effects have been reported. 1In fact, although large-scale
drilling and production operations in the area began some 30 years
ago, the fish catch in the Gulf has tripled. The National Marine
Fisheries Service reported that in 1950 the commercial fish catch
in the Gulf of Mexico amounted to some 571 million pounds and was
valued at $50.4 million. In 1980, the nearly 2-billion-pound
commercial fish catch in the Gulf of Mexico was valued at $482
million.49

The increase in the catch is not, of course, attributable
exclusively to petroleum operations. Rather, new fishing technol-
ogy, an improved fishing fleet, and the taking of large quantities
of menhaden (a fish formerly considered noncommercial) account for
the marked rise in tonnage. However, the increase does show that
petroleum operations are compatible with commercial and recrea-
tional fishing. In fact, the more than 3,000 platforms in the Gulf
of Mexico have provided foundations for the growth of sea plants
and invertebrates, contributing to the first step in the marine
food chain. About a dozen or more species of fish (virtually un-
known in the area before drilling operations began there) can now
be found near the platforms.

AIR

I. Overview of Exploration and Production Requirements Under
The Clean Air Act

The general provisions of the Clean Air Act are discussed in
detail in Chapter One of this report. The specific procedures
for pre-construction review of major oil and gas facilities are
dependent upon the attainment status of the National Ambient Air
Quality Standards (NAAQS) for each pollutant to be emitted in
significant quantity by the facility. Recent studies have indicated
that the pre-construction review process could be simplified,
thereby allowing significant cost and time savings and improving
the efficiency and certainty of industrial planning and develop-
ment.20 In the case of the oil and gas industries, the problems
of delay and uncertainty (and in some cases, project abandonment or
project redesign) that have been encountered by individual compa-
nies seeking to expand or construct new facilities since passage of
the 1977 Clean Air Act Amendments are expected to escalate as ef-
forts to develop and produce domestic energy resources intensify
in the decade of the 1980's.

A. Effects of Prevention of Significant Deterioration and
Nonattainment Requirements on 0il and Gas Exploration
and Development

New and modified facilities involved in every phase of the oil
and gas industries, from exploration to final use, are subject to
the complex set of Prevention of Significant Deterioration (PSD)
and/or nonattainment regulations, depending upon their geographic
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location. Such review is applicable to each pollutant emitted by a
new source (in most cases, several pollutants are involved).5l

Cases of production losses attributable to PSD and nonattain-
ment have been documented. At the West Hastings field in Texas,
production of 4 thousand barrels per day (MB/D) of oil has been
delayed by Texas Air Control Board and EPA restrictions on the use
of gas-lift compressors. In North Dakota, restrictions on gas
flaring have halted production of 1.4 MB/D at Killdeer Field. At
USA#l-a, in Perry County, Mississippi, a five-month delay was im-
posed by state agency requirements that a new permit be obtained
for a new o0il well only 50 feet from another well that was aban-
doned due to control problems. Limits on H2S emissions at the
Ute Dome natural gas field in New Mexico have curtailed produc-
tion of 39 million cubic feet of gas per day.52 In the case of
Exxon's Santa Ynez (a floating offshore storage and treating fa-
cility with tanker loadings off the California coast), initial EIS
findings showed there would be no significant air quality impacts.
EPA later notified Exxon that an air quality permit would be
required (the first time EPA extended jurisdiction over OCS air
emissions) and after extensive litigation and the application of
additional emission controls, Exxon was permitted to proceed with
development of this $380 million facility. O0il production of up to
40 MB/D was finally initiated in April 1981 after a seven year
delay. This case is discussed in more detail in Chapter Seven.

Shell 0il Company's $400 million BETA Project located nine
miles offshore southern California encountered similar air per-
mitting related delays. An air permit was issued by the South
Coast Air Quality Management District authorizing construction of
the necessary onshore facilities. Since this permit was issued
prior to the OCSLA air regulations, described below, a controversy
arose over the offshore project's impact on onshore air quality.
Rather than prolong debate on the issue, Shell volunteered to
undertake further emission reductions and offsets, even though
studies demonstrated emissions from the offshore project did not
significantly impact onshore air quality. The offsets had to be
obtained from as far away as Ventura County, approximately 88 miles
from the BETA Project.

The 1978 OCSLA Amendments give DOI responsibility for regula-
tion of OCS air emissions. On May 10, 1979, DOI's USGS proposed
air emission regulations. These proposed rules were the subject of
considerable controversy and resulted in comments from state and
local governments, o0il producers, and other interested parties.
After reviewing the comments, USGS published final regulations on
March 7, 1980. On the same date, USGS published draft air quality
regulations applicable only to OCS activities offshore California.

The regulations require that each proposed 0OCS facility be re-
viewed on an individual basis to determine its individual onshore
air quality impacts, and reviewed in conjunction with other nearby
OCS facilities to predict cumulative onshore impacts. A new, modi-
fied, or revised exploration plan or development and production
plan may be exempt from further air quality review if projected
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emissions are determined to be less than or equal to emission
exemption amounts calculated for the facility.

For a facility that is determined not to be exempt, the lessee
is required to use an approved air quality model to determine
whether the projected emissions of those air pollutants from the
facility result in an onshore ambient air concentration above the
significance levels as defined by USGS. Projected emissions of
volatile organic compounds (VOC) (that are not exempt) and pro-
jected emissions of any air pollutant, which will result in an
onshore ambient air concentration above the significance level, are
deemed to significantly affect the air quality of the onshore area
for that pollutant.

Projected emissions of any pollutant, other than VOC, that will
significantly affect a nonattainment area must be fully reduced
through the application of Best Available Control Technology (BACT)
(under OCS regulations) and, if necessary, through the application
of additional emission controls or acquisition of offshore or
onshore offsets. Only BACT needs to be applied if the area to be
significantly affected is an attainment or unclassifiable area.
However, the lessee must use an approved model to determine whether
the emissions of total suspended particulates (TSP) or SO3 that
remain after the application of BACT cause the maximum allowable
increases over the baseline concentrations to be exceeded. If the
maximum allowable increases are exceeded, additional emission
controls must be applied.

Thus, the OCS rules impose much stricter requirements than
stated in the OCSLA Amendments, which require "...compliance with
the national ambient air quality standards pursuant to the Clean
Air Act...to the extent that activities authorized under the OCSLA
significantly affect the air quality of any State."33 In
essence, the USGS permissible limits of acceptable air quality
impact correspond to the PSD Class I increment levels rather than
the NAAQS. The proposed significance levels for California are
even stricter than the PSD Class I increments. In essence, the
entire U.S. coastline is treated as a PSD Class I area with regard
to OCS operations.

Excerpts from recent DOI DEISs on OCS Sale No. 68 (Southern
California) and OCS Sale No. 53 (Central and Northern California)
indicate that the air quality impacts predicted from OCS operations
are minor.

° OCS Sale No. 68 predicted impacts:

The predicted maximum annual average onshore con-
centrations for nitrogen dioxide (NOj), SO, and
TSP resulting from offshore operations will be well
below the 1 microgram per cubic meter level con-
sidered significant by DOI.

The predicted short-term averages are within DOI's
allowable increments.
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- Ozone precursors will not be emitted in a proportion
favorable for formation of photochemical oxidants.

- OCS Sale No. 68 is not expected to cause any air
quality violations nor deteriorate air quality to a
degree considered significant, nor to significantly
affect onshore visibility or odor levels.

° OCS Sale No. 53 predicted impacts:

In general, development will not significantly de-
grade onshore air quality. The DOI increment of air
quality deterioration considered significant could be
marginally exceeded in several areas. But this could
be further mitigated if necessary. (It should be
stated that the DEIS analysis assumes worst case
conditions, i.e., maximum emission rates by assuming
simultaneous operation with the lowest degree of
emission controls, and all OCS operations located at
the 3 mile limit.)

OCS Sale No. 53 activities will probably not cause
violations of state or federal air quality standards.

A small degree of additional emission control for
NO2 and TSP would prevent any possible violations

of standards and would reduce pollutants below levels
considered significant by DOI.

Based upon worst case assumptions, more stringent
controls of reactive hydrocarbon emissions would be
required to prevent further oxidant standard
violations.

OCS Sale No. 53 activities are not expected to affect
onshore visibility or odor levels.

II. Exploration Operations

The potential for air pollution caused by the exploration for
0il and gas is quite small, primarily because of the small number
of rigs that usually operate in any given area at one time and be-
cause modern drilling operations do not contribute significantly to
air pollution.

Geophysical surveys for oil and gas also do not contribute
significantly to the air pollution problem, because seismic oper-
ations require a minor amount of induced energy and explosives.
Exploratory core-drilling operations may emit small quantities of
contaminants intermittently into the atmosphere.



III. Drilling Operations
A. General

Air emissions during drilling operations occur principally
from engines. Approximately 90 percent of all drilling rigs and
support equipment are powered by diesel engines, about 9 percent
are powered by natural gas- or LPG-fueled engines, and the remain-
ing are totally powered by electricity, normally with an internal
combustion engine used as a standby. The pollutant of greatest
magnitude and concern is nitrogen oxide (NOyx), which in many
instances exceeds the 100 ton per year EPA definition of a major
pollutant source. SOy will be emitted if the engine fuel con-
tains sulfur, but is usually of minor significance. The major
source of VOC emissions is exhaust emissions from engines.

B. Onshore Drilling

Drilling rigs are used on land for either exploration drilling
or development drilling. The total NOy emissions for the onshore
drilling industry has been estimated as 153 tons per day, with 118
tons per day attributed to diesel engines and 35 tons per day to
gas-fueled engines. A survey of 24 land drilled wells, with an
average well depth of 5,840 feet and an average requirement of 494
horsepower (hp), indicated an average NOy emission rate of 0.1l
tons per day, or 0.007 tons per well.

C. Offshore Drilling

A large self-propelled semisubmersible drilling vessel drilling
a typical well of 14,000 feet over a period of 165 days would emit
approximately 1.2 tons per day NOyx; 0.26 tons per day carbon
monoxide (CO); 0.09 tons per day hydrocarbons; 0.1 tons per day of
particulates; and SO emissions would be about 0.16 tons per day.

A very large self-propelled drillship uses dynamic positioning
instead of fixed anchors for deepwater drilling anywhere in the
world. It utilizes 16,000 hp for propulsion when under way in the
open seas. Calculated average emissions for the drillship when
drilling are 2.1 tons per day NOyx, 0.46 tons per day CO, 0.17
tons per day hydrocarbons, 0.l1l5 tons per day particulates, and 0.19
tons per day SOj.

A survey of eight typical offshore drilling wells in the Gulf
of Mexico indicates an average requirement of 1,023 calculated hp
for drilling a 10,500-foot well. The average power consumption was
455 hp, and the average drilling time was 52 days. The average
NOyx emission rate was 0.17 tons per day or 0.026 tons NOy per
well.

D. Controls

1. Power Generation

NOyx control of internal combustion engines is accomplished by
changing certain engine operating conditions and thereby modifying
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the basic combustion process. Adjusting the fuel/air ratio on
gas-fueled engines is a relatively simple control to reduce NOy.
However, a fuel penalty occurs and the level of CO is increased.
The setting of the fuel/air ratio so that the NOy and CO emis-
sions are equal is currently specified by some regulatory agencies
to be the best NOy control. Combustion chamber modifications and
catalytic reduction are potential controls for the future.

Catalytic converters on some diesel engines are being used to
control NOy emissions; however, the use of catalytic converters
is not yet a well accepted practice in drilling or production.
Retarding the fuel injection or injecting water into diesel engines
are two means of lowering the combustion temperatures for diesel
engines that may develop into acceptable NOy control methods in
the future.

2. Fuel System

VOC emissions from the engine fuel systems are best controlled
by good maintenance to prevent leaks. Because of the use of the
drilling equipment, the valves and connections are portable and
particularly susceptible to leaks. However, the fuels in use do
not normally emit a significant amount of reactive hydrocarbons,
and maintenance procedures are followed to minimize fuel costs.

3. Mud System

VOC and occasionally H»S enter the well bore while drilling
and become entrained in the drilling fluid. These entrained gases
are normally removed in the mud maintenance system at the shale
shaker, degasser, and mud pits. They occur sporadically and are
negligible except during uncommon "well kicks" or uncontrolled flow
resulting from too little mud weight. When these emissions are
sufficient to support combustion they are oxidized in a flare.

Intrusion of H2S gas into the mud may occur in some geo-
graphic areas. This is usually controlled by chemical means. Iron
sponge is commonly added to the mud system to react with the HS
to form iron sulfide. Zinc carbonate and copper carbonate have
been similarly used.

IV. Production Operations

A. Onshore Production

0il and gas production is transferred from the well by pipeline
to a separation and treatment facility where the oil and gas are
separated for sale, and water is removed for disposal. Depending
upon the separation, treatment, and sales methods required, free
water knockouts, liquid/gas separators, heaters, settling tanks,
storage tanks, pumps, compressors, power generation equipment, gas
scrubbers, and drip pots may be required.

Emission sources such as pumps and compressors are powered by
either gas engines, gas turbines, or electric motors; and heaters
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are equipped with gas-fired burners. Diesel engines are less com-
monly used for onshore power generation, as either electric power
or adequate fuel gas is usually available and can be safely used.
NOy in exhaust gases from these combustion devices is the primary
source of pollutants. Other accessory equipment, including valves,
fittings, connections, tanks, and pits, are sources of hydrocarbon
emissions.

Perhaps the production area that has been impacted most by the
Clean Air Act is the heavy o0il production area located in Kern
County, California. The following constraints imposed by the Clean
Air Act and its attendant regulations impede an increase in heavy
0il production in that area:

) The construction ban
° Cumbersome permitting procedures for new facilities
) Time-consuming permitting procedures

° NAAQS that may go beyond health requirements (for example,
in California)

° Inflexible definitions of attainment and nonattainment
areas

° Fixed attainment deadlines
) Rigid offset requirements
° PSD increments.

If the Clean Air Act is strictly interpreted, with all of these
constraints in effect, heavy oil production in Kern County would be
limited to a range somewhere between the current level of about 400
MB/D and a higher level of about 600 MB/D. This higher level could
be approached if all currently permitted steam generators are put
into production. However, with the elimination of the construction
ban, improved permitting, and relaxation of other constraints, pro-
duction of heavy o0il in Kern County could increase to a level of
about 940 MB/D by 1990.54 Kern County heavy oil fields now con-
tain about 20 billion barrels of o0il in place, most of which cannot
be produced using conventional methods. The potential production
is thus large, and could be an important factor in U.S. energy
production.

Although methods other than steam injection are being tested,
the bulk of heavy o0il recovery is attained using steam injection
methods. In Kern County, steam for injection is generated using an
0il field steam generator, which is located close to the injection
wells. Nearly all generators use crude oil from producing leases
as fuel. The burning of this crude oil for steam generation pro-
duces a number of emissions, including primarily NOy, sulfur
oxides (SOyx), and particulates. Hydrocarbons may also be emitted
from producing wells.
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Further expansion of heavy o0il production in Kern County de-
pends upon the installation of additional steam generation capac-
ity. However, because steam generators produce emissions, offsets
are required. Improved pollution control technology can increase
the very limited supply of offsets and thus allow for more or
expanded steam generators. The industry is relying on new control
technology to increase the availability of offsets and provide for
growth in the steam generator population without degrading air
quality.

Technology currently exists for controlling SOy emissions on
the steam generators, and NOy control technology is developing.
Most hydrocarbon emissions can be controlled with existing tech-
nology. However, no proven high efficiency technology currently
exists for controlling particulate emissions from steam generators.

Control of sulfur compounds is achieved through the use of
Claus sulfur recovery plants, which produce elemental sulfur. This
results in a sulfur recovery efficiency of approximately 96 per-
cent. High CO2/H2S ratios adversely affect recovery efficien-
cies. Higher recoveries are achieved through the addition of a
tail gas unit to process the gas emitted from the Claus sulfur
plant. 1In cases where small quantities of H2S have to be re-
moved, techniques such as iron sponge and molecular sieves are
utilized.

Three different control technologies have been approved as BACT
and are currently permitted for use on large sour gas plants in the
Overthrust Belt in southwest Wyoming and northeast Utah. They are
Cold Bed Absorption (CBA), Shell Claus Off-Gas Treating (SCOT), and
the Beavon-Stretford process. The typical sulfur recovery effi-
ciencies for these technologies are shown in Table 23. A Claus
sulfur recovery process is an integral part of each of the three
tail gas units specified in this table.

The CBA process involves treatment of the tail gas from the
Claus process to convert additional HS and SO to sulfur. The
CBA process provides a final catalytic converter at low temperature
to shift reaction equilibrium to increase conversion by the Claus
reaction. This is an oxidation process that produces elemental
sulfur. The tail gas is incinerated and SO is emitted.

The SCOT process reduces the Claus tail gas to HS over a
catalyst. Then the H2S stream containing 40 percent COj is
absorbed in an alkanol-amine section. HS is stripped from the
amine and recycled to the Claus unit. HS not absorbed is burned
to SOp and discharged.

The final process cited is the Beavon-Stretford process, which
first reduces all sulfur compounds in the Claus tail gas to H3S
by hydrogenation and hydrolysis. The Beavon-Stretford process 1is
then used to absorb the H2S in an oxidizing alkaline solution,
which converts the H3S to elemental sulfur. The tail gas from
this process contains carbonyl sulfide (COS) and small amounts of
Hp2S and carbon disulfide (CS2). It does not require incinera-
tion prior to being emitted to the atmosphere.
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LT

Total sulfur recovery
efficiency

Pollutants emitted
after control is
applied

Pollutant emission
rate assuming a 250
MMSCF/DY inlet
stream @ 15% H5S

Total sulfur recovery
(short tons per day)

TABLE 23

Current Control Technologies Permitted for Large
Natural Gas Processing Plants (Sour Gas Plants)

Located in the

Claus

plus

CBA*
98.6%

S0,

3,694 lb/hr SO,

1,562

*Cold Bed Adsorption Process.

tshell claus Off-Gas Treating Process.

Process

Claus
plus

SCOT+
99.7%

S0,

793 1b/hr SO,

17579

Overthrust Belt

Claus
plus

Beavon-Stretford

99.7%

COS & HyS

720 1b/hr COS
13.5 1b/hr HyS

1,579

Comment

Assumes sulfur-free
fuel gas used in burners

Small amounts of CO may
also be emitted

Higher sulfur recovery efficiencies are possible with additional operating and capital expenditures
(New Source Performance Standards for refinery sulfur recovery processes require 99.9 percent control

efficiencies).

YMillion standard cubic feet per day.

SOURCE: American Petroleum Institute testimony before the U.S.
Committee, July 8, 1981.
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B. Offshore Production

Support facilities used while drilling are often required for
production. These include diesel-powered electric generators for
providing electricity to the quarters, galley, recreation room,
equipment controls, sanitation, and navigational aids. These
electrical loads are nominal. Cranes, heating systems, firewater
systems, and desalination units are also fueled by diesel.

There are additional requirements for diesel power for pro-
duction, including gas compressors, pumps, heaters, and gas dryer
regenerators. Gas engines are also used offshore when fuel gas
is available. Platforms with large power requirements may use

gas turbines as the prime mover when adequate gas supplies are
available.

Water injection has been considered by regulatory agencies for
NOy control with gas turbines in the future. However, an off-

shore source of pure water to prevent scale formation is hard to
find.

Fugitive VOC emissions from leaks may occur from various equip-
ment containing a VOC source. They are usually small and are best
controlled by a good program of detection and repair. An API study
found over 173,000 equipment components in production operations.
Less than 5 percent of the components leaked, indicating that fugi-

tive VOC emissions usually occur from only a small fraction of the
potential emission sources.

WATER

I. Onshore Exploration and Development Drilling and Production
Operations

This section discusses the effect of pre-drilling, exploratory
drilling, and production activities on water quality. Since the
first commercial o0il well in the United States was drilled in 1859,
about 2.5 million onshore wells have been drilled. Onshore drill-
ing presently continues at an annual rate of about 50,000 wells,
with total depths ranging from hundreds of feet to greater than

20,000 feet. 1In 1978 the average depth of wells drilled onshore
was 4,814 feet.

A. Onshore Drilling Operations

Onshore drilling operations have short-lived environmental
impacts. Drilling wastes consist mainly of used drilling fluid
(mud) and formation solids (cuttings).

1. Drilling Fluids

In order to discuss the environmental impacts of drilling
fluids, or "muds," it is first necessary to understand their
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composition and use. For a discussion of this subject see the
Industry Operations section of this chapter.

a. Reserve Pitsd5

When drilling onshore wells, a reserve pit, or sump, is used to
store the drilling mud and cuttings and for final disposal. (In
urban areas, a tank rather than a sump is used.) Prior to arrival
of the rig, a reserve pit is excavated adjacent to where the rig
and associated mud equipment will be sited. The pit is deeper near
the mud-processing equipment to allow the heavy solids to settle
out. It is sized according to the well depth planned. When drill-
ing a shallow well, the total volume of mud and cuttings may only
be 2,000 barrels. However, deep wells may have volumes as high as
100,000 barrels. In addition, allowance is made for rainfall. It
is important that the walls of the reserve pit be high enough to
provide 3 to 5 feet of topsoils on top of the drilling mud and
cuttings after backfilling. A larger, shallower reserve pit is
preferable, because the final disposal will be achieved more quick-
ly and efficiently. Sometimes regulations, unique geography, and
environmental considerations require an impervious liner in the
reserve pit.

b. Disposal Methods
Three methods of disposing of drilling fluid are used.

Backfilling a Reserve Pit. This method is by far the most com-
mon disposal method. It results in a consolidated mud lens 3 to 5
feet below the surface. Before backfilling can begin, the top
aqueous layer must be removed and any excessive free o0il must be
skimmed. After the oil is skimmed, the aqueous layer is clarified
by mixing or broadcasting the pit area with flocculants such as
polyacrylamide or gypsum. Flocculation produces a denser colloidal
slurry, decreasing the volume of waste and increasing the effi-
ciency of the dewatering process.

After clarification, the aqueous layer is allowed to evaporate
or the pit dike is cut and the fluid drained. Before draining,
certain chemical and/or biological tests are conducted to ensure
that the released fluid meets regulation guidelines. The aqueous
layer can also be removed by vacuum truck and injected into the
well that was drilled (if it is to be plugged and abandoned) or
transported to a nearby injection well and disposed of.

Once the aqueous layer has been removed, backfilling the
reserve pit takes place. Care is taken to return the area to
original contours and to replace the topsoils evenly. This method
allows ample time for the remaining drilling solids to undergo
further dewatering. The dry topsoils of the reserve pit walls also
aid in the final dewatering as they are slowly moved over and mixed
with the waste muds and cuttings. When the closure process is
complete, the area is ready for return to its original use.
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Vacuum Truck Removal to a State-Approved Disposal Site. This
method is only used in environmentally sensitive or urban areas,
where there is some concern that surface water, groundwater, and
soil may be contaminated by the leaching of trace amounts of metals
from buried reserve pits. The characteristics of drilling mud
greatly retard leaching from the reserve pit, especially after
disposal, which helps minimize such problems.

Soil Biodegradation. This method consists of spreading the
contents of the reserve pit evenly over the drilling location and
mixing them into the soil using soil-tilling equipment. Sometimes
the pit is first dewatered. 1In most states this is the preferred
method. Studies at Utah State University concluded that land-
farming was workable provided adequate site selection and waste
treatment techniques were employed.56 However, one state
(Oklahoma) has passed a regulation prohibiting the use of soil
biodegradation on agricultural lands.>7

2. Associated Fluid Wastes

Associated fluid wastes are rainwater, drilling rig washdown
water, drill-cuttings wash water, sanitary wastes, and small
amounts of miscellaneous chemicals such as drill pipe thread dope
and drilling fluid additives. Uncontaminated rainwater (i.e.,
water that falls outside the drilling rig area) can be channeled
away from the activity area and allowed to flow its natural course.

Contaminated rainwater, drilling-rig and drill-cuttings wash
water, and the miscellaneous chemicals are contained within the
drilling rig area with earthen berms, and the fluid is channeled
into the reserve pit or another pit. The collected fluids are
disposed of with the fluid portion of the drilling wastes.

3. Pollution Prevention

Pollution prevention is an integral part of the overall drill-
ing process. The environment is protected by drilling system
control, surface containment, and discharge limitations for used
drilling fluids and associated wastes. 1In addition, each drilling
operation is covered under a Spill Prevention, Control and Counter-
measure (SPCC) Plan, as required by the Clean Water Act of 1972.
SPCC plans and their requirements are discussed in Chapter Six.

a. Drilling System Control

Drilling system control is maintained by using the proper
drilling fluids, the correct casing program, and the proper blow-
out prevention system. All three of these must be approved and
inspected by a designated federal or state agency.

The drilling fluid system prevents pollution by maintaining the
correct subsurface hydrostatic pressure in the well bore and is
monitored by frequent fluid weight checks. The use of pit-level
mud-pump-suction alarms to detect a loss or gain in drilling fluid,
the use of gas-detection alarms near the mud flow ditch and shakers
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to detect an abnormal amount of hydrocarbon gas, and the use of
other drilling fluid system checks/alarms (i.e., chloride content),
which provides an early warning of potential problems arising from
unknown conditions.

Casing programs are designed and engineered to maintain cased-
hole and bore-hole integrity and thus prevent pollution of the
surrounding environment. The casing program variables are size
(diameter), weight (wall thickness), grade (steel additives content
and heat treating), and depth. These variables are optimized by
using engineering tables or computer programs to select the proper
casing program for depth and amount of subsurface pressures antici-
pated, drilling fluid weights to control pressures, and strengths
and lengths of various casing strings for the anticipated well.

BOPs are hydraulically operated and controlled equipment bolted
to the casing at the surface that, when activated, close off the
annular space between the casing and the drill string. This pre-
vents the uncontrolled release of drilling fluids, oil, water, or
gas if an imbalance in bottom-hole pressure occurs, which could
result in a blowout. They are further described in the Industry
Operations section of this chapter. BOPs are normally inspected
and/or approved by a designated federal or state agency.

b. Containment

Surface containment systems usually include a reserve pit,
drilling rig site drainage control, and drip pans beneath rig
engines and equipment.

The reserve pit is the central collection site for most waste
liquids from drilling operations. Each drill site is laid out,
graded, and bermed, to divert rainwater away from the drill site,
and allows it to follow its natural runoff course. Rainwater,
washdown waters, and other liquids that fall within the bermed area
are usually channeled to the reserve pit for collection and
storage.

The drip pans are used primarily for the collection of lube oil
leaks. These collections are either recycled back through the lube
0il system or are transferred to the reserve pit for future
disposal.

The liquids in the reserve pits that are collected from all
sources around the drilling rig are usually contaminated. After a
well has been drilled, the reserve pit is dried and then closed, as
previously discussed. In arid parts of the country, the liquids in
the pit will rapidly evaporate. In some high rainfall areas, how-
ever, the liquids are either hauled to disposal or discharged if
uncontaminated. Some states allow intermittent discharge of liquid
wastes from drilling reserve pits into surface waters, if the dis-
charge meets state limitations. The waste components for which
limitations are normally controlled are oil and grease (0&G),
chlorides, and total suspended solids. These limitations are
usually expressed as milligrams per liter (mg/l). The discharge
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limitations imposed by federal and/or state agencies may vary with
the receiving environment. Many states have developed their own
specific regulations to protect the environment.

4, Spill Incidents

As shown in Table 24, pollution incidents resulting from ex-
ploration and production activities are a small percentage of the
total number of incidents reported from the entire oil and gas
industry. Spill events occurring during a drilling operation are
usually the result of a blowout, a reserve pit failure, or a fuel
tank failure. For further discussion, refer to Chapter Six.

B. Onshore Production Operations
1. Disposition of Produced Wastewater

The major waste product of onshore oil and gas production is
"produced water," water that exists naturally in an oil and gas
formation. It contains oil, salts, trace heavy metals, solids,
and organic chemicals.?8 Tables 25 and 26 show the chemical
compositions of produced water from two oil-producing areas of the
United States. Produced water is typically removed by gravity
separation and is disposed of by utilizing one of the following
methods:

e Underground injection control (UIC)
@ Enhanced oil recovery
e Discharge to surface water (NPDES)
e Evaporation.
Produced water is primarily disposed of by the first two methods.
a. Underground Injection Control

The use of UIC for disposal depends on the availability of
formations that have sufficient porosity, permeability, and areal
extent to contain the injected water. They usually contain salt
water of no commercial value.®? State oil and gas regulators
require permits before a disposal well can be operated. The major
intent of the permit process is to ensure that produced water 1is
confined to the disposal formation and does not contaminate fresh
water sources.

b. Enhanced 0il Recovery

In 1976, approximately 19.9 billion barrels of produced water
were injected underground, 8.6 billion barrels in disposal wells,
and 11.3 billion barrels in enhanced oil recovery injection
wells.60 Enhanced oil recovery reinjection wells are also con-
trolled by state oil and gas regulatory agency permits.
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TABLE 24

Reported Incidents of

Exploration and Production 0Oil

Production Number*
Onshore 330
Offshore 614

Total 944

*Number = number of
t e = percentage of
§ Volume = reported

SOURCE: Department

Incidents In and Around U.S. Waters,

19
5t
3.0
5.6

8.6

1979-1980

1980

79
Volume
(Gallons)§ 3t Number*
267,993 2101011 OS5,
93,345 09, 574
361,338 3.5 679

reported incidents.
total reported (incidents or volume).

VO

lume (gallons).

Volume
(Gallons)§ 5t

101,024 1. 4
115,248 1.6

216,272 3.0

of Transportation, U.S. Coast Guard, Polluting

TABLE 25

Calendar Years 1979 and 1980.

Pollutants in Produced Water ~-- Louisiana Coastal*

Pollutant Parameter

0il and Grease
Cadmium

Cyanide

Mercury

Total Organic Carbon
Total Suspended Solids
Total Dissolved Solids
Chlorides

Flow

Range (mg/l)

7 = 4300
<0.005 - 0.675
<0.01 - 0.01

30 - 1580

22 = 390
32,000 - 202,000
10,000 - 115,000

250 to 200,000 bbl/day

Average (mg/l)

202
<0.068
<0.01
<0.0005

413
73

110,000
61,000

15,000 bbl/day

*Results of 1974 EPA survey of 25 discharges per well.

SOURCE:

Environmental Protection Agency, "Development Document for

Interim Final Effluent Limitations Guidelines and Proposed New Source
Performance Standards for the 0il & Gas Extraction," September 1976.
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TABLE 26

Pollutants in Produced Water -- California Coastal*

Pollutant

Parameter Range (mg/1)
Arsenic 0.001 - 0.08
Cadmium 0.02 - 0.18
Total Chromium 0.02 - 0.04
Copper 0.05 - 0.116
Lead 0.0 - 0.28
Mercury 0.0005 - 0.002
Nickel 0.100 - 0.29
Silver 0.03
Zinc 0.05 - 3.2
Cyanide 0.0 - 0.004
Phenols 0.35 - 2.10
Biochemical Oxygen Demand 370 - 1,920
Chemical Oxygen Demand 400 - 3,000
Chlorides 17,230 - 21,00
Total Dissolved Solids 21,700 - 40,40

Suspended Solids

Effluent 1 - 60
Influent 30 - 75
0il and Grease 56 - 359

*Some data reflect treated waters for reinjection.

SOURCE: Environmental Protection Agency, "Development Document
for Interim Final Effluent Limitations Guidelines and Proposed New
Source Performance Standards for the 0il and Gas Extraction," Septem-
ber 1976.
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c. Surface Water Discharges

Surface water discharges are controlled by state and federal
NPDES permits. The compatibility of the discharged produced water
and the receiving surface water determines whether this type of
disposal is environmentally acceptable. Some produced water can be
discharged into brackish coastal waters and the alkaline lakes
found in the southwestern states. Produced water with very low
salt content can be discharged to surface ponds and streams. 1In
either case, state or federal agencies limit the 0&G content in the
discharged produced water. The federal regulations allow up to 72
mg/l of O&G as a daily maximum; state limitations vary.

2. Pollution Prevention

In most cases, produced water that is reinjected underground is
never exposed to the surface environment. It is produced from an
0il or gas well, separated from the o0il and gas through surface
processing equipment, and reinjected underground in a continuous
operation.

When produced water is disposed of underground in a salt water
disposal system, o0il removal is maximized for two reasons: first,
the o0il is a valuable product and economics force maximum recovery;
and second, 0il in produced water has a tendency to reduce the
porosity of the disposal formation. Once restricted, disposal
capacity is expensive to restore.

When wastewater is discharged to surface waters, the primary
concern is minimizing the amount of 0O&G. Since there is ample
space compared to offshore production platforms, large tanks or
surface impoundments are used to allow the water and oil to
separate to environmentally acceptable levels.

3. Spill Incidents

Accidental spills of o0il and/or produced water are minimized by
good operating practices. For example, surface impoundments are
used to provide emergency storage for large volumes of produced
water. Automatic devices are also used to prevent accidental
spills. High-level alarms in tanks alert operators that an oil or
produced-water tank will overflow if quick action is not taken.
Low-pressure alarms will alert them that there is a leak in an
underground injection line. Other systems automatically close a
full tank and shift oil or produced water to an empty one. Minor
leaks from valves and fittings are easily recognized and repaired
before they present a safety or environmental hazard. Blowouts
sometimes occur when a well is being worked on to restore or in-
crease production. A description of BOP techniques is contained
in the Industry Operations section of this chapter.
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C. Natural Gas Processing Plants
1. Types of Discharge

There are five types of liquid wastes that could be discharged
from a natural gas plant site. The first of these is process
water, which is contained as a vapor in the raw gas and is con-
densed and separated from the gas during processing. This process
water usually contains small amounts of 0&G and may also contain
dissolved H3S, COj3, and corrosion inhibitors. Separated pro-
cess water is usually piped to a separation pit, pond, or tank for
gravity separation of 0s&G.

The second type of waste discharge is the liquids periodically
drained from boiler bottoms to eliminate dissolved solids and sedi-
ments from the steam system. These boiler blowdown fluids have
high concentrations of dissolved solids and contain small amounts
of corrosion and scale inhibitors, as well as anti-foaming agents.
These fluids are generally piped to the separation pit or pond to
be disposed of with the process water. Boilers throughout the oil
industry are slowly being replaced with more efficient directly
fired heaters.

The third type of waste discharge is water from cooling towers.
The cooling tower is utilized for many functions including the
cooling of the gas stream to initiate the condensation of liquids.
The cooling-tower bottoms are periodically bled off to remove ac-
cumulated dissolved solids and sediments. These water bleeds are
generally high in dissolved solids, are alkaline, contain varying
amounts of corrosion and scale inhibitors, and may contain traces
of o0il from leaky exchangers. There is a large amount of evapora-
tion loss in cooling-tower operation and makeup water must be
continually added. Like boilers, cooling towers are slowly being
phased out and replaced, where possible, with easier to operate
air-cooled exchangers.

The fourth type of waste discharge is jacket water. Jacket
water cooling systems are used to cool compressors, pumps, and
engines in gas plants. These cooling systems are generally "closed
systems" and only discharge when there are small leaks and/or
equipment failures. The discharge waters in these systems usually
contain small amounts of corrosion and scale inhibitors.

The fifth type of waste discharge is surface runoff from rain-
fall on the plant site and from liquid leaks within the plant area.
Surface runoff usually contains small quantities of 0&G and small
amounts of sulfur compounds, if the raw field gas is sour and
requires H2S treatment.

2. Pollution Prevention

Impoundment is the primary method of containing discharges from
a gas plant site. Impoundment utilizes dikes (berms) around the
process area to catch and divert liquids into a catch basin or the
separation pit or pond. The separation pond provides temporary
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storage for the liquid runoffs and also provides for separation of
0&G from the water discharges. Automatic devices monitor pressures
and liquid levels within the process equipment and sound an alarm
if malfunctions occur. If desired, equipment can be automatically
shut down in an emergency.

3. Waste Disposal

Methods of disposal of liquid wastes collected in the separa-
tion pit or pond depend upon the amount collected. If only small
volumes are collected, the liquids may evaporate or periodically be
hauled to a state—-approved disposal site by vacuum trucks. Gas
plants that collect moderate to large volumes for disposal either
discharge into a nearby river or use subsurface injection/disposal.
River discharge requires an NPDES permit from a state agency and/or
EPA. Subsurface injection may be more .feasible if the gas plant is
sited in an oil field where disposal wells are available. A waste
injection/disposal permit from a state agency is required for this
type of disposal.

Discharge limitations are generally expressed as 0&G content,
pH, biological oxygen demand, chemical oxygen demand, and total
suspended solids. These limitations are set by the appropriate
state permitting agency and/or EPA.

4, Spill Incidents

In natural gas plants there are generally two types of inci-
dents that could cause pollution of a nearby waterway: equipment
failures and/or impoundment overflows. Visual inspection and
automatic sensing devices, with alarms, allow operators to quickly
react to an equipment failure or an impoundment overflow and shut
off the flow and initiate remedial action.

D. Federal and State Regulations

Most o0il and gas drilling and production activities are reg-
ulated by a myriad of federal and state agencies. On federal
lands, agencies such as the BLM, USGS, National Park Service, and
the BIA have regulatory responsibility for oil and gas drilling and
production activities. In addition, oil-producing states also have
regulatory agencies. For example:

@ Texas -- Texas Railroad Commission

@ Oklahoma =-- Oklahoma Corporation Commission

@ Iouisiana =-- Louisiana Department of Natural Resources
@ California -- California Department of Conservation,

Division of 0il and Gas.

These agencies derive their regulatory powers from the numerous
federal and state environmental statutes that have been enacted in
the past 20 years. Some states have regulated waste discharges
since the 1930's through oil and gas conservation statutes.
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1. Regulated Discharges

Discharges of wastes into the marine environment are regulated
through the federal Clean Water Act NPDES program and through
various state-enacted statutes. Each NPDES permit is approved and
granted subject to several operating conditions such as waste
volume limitations, individual pollutant limitations, and monitor-
ing and reporting requirements. Violation of any NPDES permit
condition subjects the discharger to civil or criminal penalties
and possible permit revocation.

2. Dredge and Fill (Section 404) Permits

Section 404 of the Clean Water Act prohibits the discharge of
dredge or fill material into navigable waters of the United States
without a permit, and sets forth the U.S. Army Corps of Engineers
as the permitting agency. Thus, almost any construction activity
in a pond, lake, river, wetland, or salt marsh, will require a
Section 404 permit. The Corps requires detailed engineering and
site plans, and a comprehensive description of the dredge or fill
material and its handling. If the proposed activity has a substan-
tial environmental effect, mitigation measures may be required.

The Corps notifies other federal, state, and local agencies of all
permit applications to solicit their review and comments prior to
approval. The implementation of Section 404 of the Clean Water Act
by the Corps has resulted in unjustified delays in the drilling

of many oil and gas wells.

Acting pursuant to Section 404(g) of the Clean Water Act and
the Fish and Wildlife Coordination Act, the Corps has executed MOU
with the U.S. Fish and Wildlife Service, the National Marine
Fisheries Service, and EPA. These memoranda set out the procedures
that each of the agencies are to follow in reviewing environmental
considerations of Section 404 permit applications. 1In spite of the
404(g) goal that permits be issued within 90 days of the public
notice on each permit, the MOU provide for as much as 300 working
days to resolve interagency conflicts. The result is that, even
for projects that have a relatively minor environmental impact,
much more than 90 days elapse before a decision is reached on many
permits.

These delays cause major problems:

@ An operator may be obliged to accept onerous environmental
requirements to avoid project delays. Rig schedules and
lease obligations sometimes force the operator to do so.

e If the operator chooses to put off the drilling of a well
while waiting for a resolution of environmental objections,
he faces interrupted rig schedules, delays in drilling
priority wells, and deferred or lost production.

An approved permit will contain several specific conditions,
such as mitigation measures to be undertaken to protect the
environment. Violation of these conditions subjects the permitee
to penalties and possible permit revocation.
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3. 0il Spill Reporting, Cleanup, and Spill Prevention,
Control and Countermeasure Plans

The Clean Water Act Section 311 empowers EPA to develop regula-
tions to protect the environment from discharges of oil. EPA
regulations require onshore and offshore drilling and production
facilities to report the discharge of o0il in such quantities as may
be harmful. EPA has defined a reportable quantity as that amount
of 0il that will cause a sheen.®l 0il spilled onshore that may
reach a navigable water must also be reported, even if the oil
enters a dry creek bed and never touches water. 0il spills and
SPCC plans are discussed in detail in Chapter Six.

E. Special Environmental Considerations
There are certain geographic areas that require special envi-

ronmental considerations due to their close proximity to wetlands,
lakes, streams, and flood plains.

l. Wetlands and Lakes

Drilling and production activities on or next to wetlands or
lakes usually require Section 404 permits in addition to the rou-
tine operating permits. Activities in these locales will require
precautions to prevent pollution of nearby waters. These activi-
ties are usually handled like offshore locations, rather than
onshore. Extra provisions for site containment, NPDES permits for
discharges, and provisions for offsite disposal of drill cuttings
may be required.

2. Streams and Flood Plains

Drilling and production activities near streams and in flood
plains require stricter-than-normal provisions for onshore and
upland site containment to prevent the release of wastes into the
nearby waters. Locations near streams will require NPDES permits
for site discharges. Locations in flood plains will require site
containment provisions that are sufficient to counter the effects
of 25- to 100-year storms, depending on the individual location and
state regulations.

II. Offshore Exploration and Development
A. Types of Discharges

Drilling discharges from wells located in state waters are con-
trolled by the respective state regulatory agencies, such as the
Texas Railroad Commission and the Louisiana Department of Natural
Resources. Drilling discharges into OCS waters are regulated by
three agencies: BLM, USGS, and EPA. BLM exercises its authority
through stipulations in OCS lease agreements, USGS utilizes OCS
Orders, and EPA uses NPDES permits.
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The wastes developed during drilling may be classified as
either dischargeable (discharged overboard to the marine environ-
ment) or nondischargeable (transported to shore for on-land dis-
posal). The overboard discharges consist of water-base drilling
muds and formation cuttings, deck drainage water, cooling water,
domestic wastes, and sanitary wastes.

1. Drilling Muds

The types of formations encountered while drilling and their
pressures are the major factors that determine the types of muds
used. In offshore operations, water base drilling muds are nor-
mally used. These low toxicity muds are discharged overboard in
accordance with applicable state or federal regulations under the
limitations set forth in individual NPDES or state permits. EPA is
in the final stages of issuing general NPDES permits for certain
non-environmentally sensitive portions of the Gulf of Mexico.
These permits provide for overboard discharge of drilling muds and
drill cuttings with a limitation of "no free 0il" controlling the
discharge. Discharges occur daily as the mud system is kept in
balance for drilling operations. Bulk mud discharges occur when
the mud type must be changed to meet new drilling conditions or
when drilling operations are completed. Numerous studies have
shown that these have little or no impact on the
receiving 'v.rr:lt»:—‘:r‘s.62r63r62i

2. Drill Cuttings

During drilling, mud is circulated down the drill string and
through the bit, where it picks up the cuttings at the bottom of
the hole and carries them back to the surface through the annulus
between the drill string and the walls of the borehole or casing.
The mud is then passed through solids removal equipment (a system
of shale shaker screens and hydrocyclones) to remove the cuttings,
after which it is returned to the mud tanks for recirculation. The
rate of discharge may range from 0.2 to 2.0 cubic meters per hour
(1 to 10 barrels per hour), depending on the drilling rate. The
drill cuttings discharged to the marine environment consist of
solid particles from the formations penetrated, e.g., clays,
shales, sandstone, and limestone. Chips of rock containing no free
oil are generally discharged overboard in compliance with appli-
cable state or federal regulations and fall to the bottom of the
sea within a few meters of the drill site.

3. Drill Cutting Washwater
Prior to discharging the drill cuttings overboard, the cuttings
are continually washed with water. This water is then discharged
to the sea with the drill cuttings. No free oil is allowed to be
discharged with the drill cutting wash water.

4. Deck Drain Water

Rainwater and washdown water are discharged from the decks of
the drilling facilities. The washdown water is used to keep work-
ing areas clean and safe. Rainwater or washdown water collected
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from curbed areas, drip pans, or areas having machinery, which may
be contaminated, are directed to a gravity separator, referred to
as a sump, and discharged through a skimmer pile. These discharges
are permitted providing no free oil is discharged. Rainwater or
washdown water falling or used on nonprocess areas, such as pipe
racks, helicopter pads, and storage areas, is normally discharged
without treatment.

5. Sanitary Waste

Discharges from sanitary waste facilities normally include only
human body wastes. If treated in a U.S. Coast Guard approved
marine sanitation device, overboard disposal is allowed without
further limitations. Other types of sanitation devices are allowed
to discharge overboard if an approporiate chlorine residual is
maintained as required by the NPDES or state permits.

6. Domestic Waste
Domestic wastes include discharge from sinks, showers, laun-
dries, and galleys. These discharges do not impact the environment
and are not restricted.
7. Cooling Waters
Cooling water normally consists of once-through seawater that
only contacts the internal surfaces of the equipment to be cooled

and thus is discharged directly overboard.

8. Produced Waters

The chemical composition of produced water from offshore wells
is shown in Table 27. Produced oil, water, and gas are collected
at a central facility (e.g., the production platform) for separa-
tion. The oil and gas is shipped to shore and the produced water
is normally discharged overboard. Under special conditions, the
fluids may be pipelined to shore prior to separation. The produced
water is then discharged overboard to coastal waters.

A typical offshore produced-water treating facility consists of
gravity separation vessels and a clarifier. The type and size of
the treatment facility are controlled by the volume and the ease of
treatability of the produced water. This equipment is discussed in
the Industry Operations section of this chapter.

The discharges of produced water are controlled by state and/or
EPA NPDES permits. The EPA Region VI General Permits for the Gulf
of Mexico allowed for overboard discharges with a daily maximum oil
content limitation of 72 mg/l.

B. Alternate Disposal Methods
Methods other than overboard discharge have been considered for

disposal of drilling mud and cuttings. Transporting these mate-
rials to an authorized ocean dump site is one alternative. The
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TABLE 27

Pollutants in Produced Water -- Texas Offshore

Pollutant

Parameter Range
Arsenic <0.01 - <0.02
Cadmium <0.02 - 0.139
Total Chromium <0.10 - 0.23
Copper <0.10 - 0.38
Lead <0.01 - 0.22
Mercury 0.001 - 0.13
Nickel <0.10 - 0.44
Silver <0.01 - 0.10
Zinc 0.10 - 0.27
Phenols 53
Biochemical Oxygen Demand 126 - 342
Chemical Oxygen Demand 182 - 582
Chlorides 2,000 - 62,000
Total Dissolved Solids 806 - 169,00
Suspended Solids 12 - 656

SOURCE: Environmental Protection Agency, "Development Document
for Interim Final Effluent Limitations Guidelines and Proposed New
Source Performance Standards for the 0il and Gas Extraction,"
September 1976.

additional hazards of standby storage vessels at the drill site,
the risk of collisions, the loss due to heavy seas, and the air
pollution caused by the transport vessels override the advantages
of transporting from one site to another for disposal.

The same risks are encountered for transportation to shore.

This alternative would also require adequate land disposal facili-
ties. These materials from onshore drilling operations are now
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exempt from control by EPA under the Resource Conservation and
Recovery Act of 1976 (RCRA). However, EPA is responsible for
evaluating the environmental impact of the land disposal of muds
and cuttings.

Another method of overboard discharge of drilling muds and
cuttings in sensitive areas is release through pipes well below the
water surface. This minimizes the transport and the chance for
environmental damage. In some OCS sensitive areas, shunting is
required. There is debate about the effectiveness of this method,
due to the rapid dilution once the discharge enters the water
during the surface discharge procedures. Furthermore, underwater
release costs upwards of $100,000 per well and creates some safety
problems during heavy storms.

C. Spill Incidents

Protection of the offshore marine environment requires that
equipment be properly maintained. In addition, state and federal
regulations (e.g., USGS-0OCS Orders) require that facilities be
maintained and inspected. O0il spills, should they occur, must be
reported to the USGS and the National Response Center. Further-
more, the USGS requires that operators prepare an 0Oil Spill Con-
tingency Plan. This plan must contain a description of procedures,
personnel, and equipment that will be used to clean up and prevent
the spread of any pollution resulting from an oil spill. There are
at least 93 cooperatives for maintaining oil spill containment and
cleanup equipment at strategic points along the coast of the United
States.

D. Fate and Effects of Drilling Fluid to Coastal
and Offshore Waters

1. Fate of Discharged Drilling Fluid and Cuttings
a. Amount of Fluid and Cuttings Discharged

Most 0il and gas wells have diameters that diminish in stages
with their depth. Usually, each segment is lined with ste