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Foreword
The National Petroleum Council is an

officially established industry advisory body
to the Secretary of the Interior and, as such,
represents virtually all segments of the U.S.
oil and gas industries. At the request of the
Assistant Secretary of the Interior-Mineral
Resources, it undertook a comprehensive
study of environmental conservation prob­
lems as they relate to or have an impact on
the petroleum industry. The Council was
asked to assure that its study placed all per­
tinent facts before the government officials
who are charged with making policy deci­
sions involving pollution control regulations
which may affect oil and gas operations.

Because of the scope and complexity of
the assignment, the study is published in two
volumes. This is Volume I, which contains the
general comments and conclusions of the
Council based on an analysis of the detailed
data contained in Volume II. Volume I also
contains a summary of Volume II. The com­
prehensive detail obtained and examined by
the Subcommittee is included in Volume II.

In order to respond to Interior's request,
the National Petroleum Council established a
special Committee on Environmental Conser­
vation-The Oil and Gas Industries, under
the chairmanship of W. W. Keeler, Chairman
of the Board, Phillips Petroleum Company,
and the cochairmanship of Hon. Gene P.
Morrell, Deputy Assistant Secretary of the In­
terior-Minerai Resources. The Committee
was assisted by its Coordinating Subcommit­
tee, with Leo A. McReynolds, Director, Petro­
leum Products and Environmental\ Conserva­
tion, Phillips PetrOleum Company, as its
chairman. The 'Subcommittee was cochaired
by Dr. Wilson M. Laird, Director of the Office
of Oil and Gas, U.S. Department of the Interi­
or. A list of the Committee and Subcommittee
memberships is included in the Appendices.
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Introduction

At certain points in time, society reaches
an expressed or implied consensus as to the
values it wishes to maximize or the goals it
hopes to achieve. Thus the United States
along with other nations today is properly
concerned with problems of improving the
environment in the years ahead. Environmen­
tal problems in the United States are by no
means common throughout the country, just
as these problems are not common among
all nations. The United States, however, be­
cause of its extensive land and water area,
and the great diversity of its economy, is
experiencing differing degrees of pollution
injury and environmental degradation.

Intensive industrialization has led to the
development of urban centers with large
population concentration, and thus resultant
localization of pollution and environmental
problems. Certainly pollution of the air has
become primarily an urban problem. Al­
though less localized, pollution of the water
is also associated with a high degree of in­
dustrialization, urbanization and agricultural
use.

Analysis of pollution problems can be
approached in varying ways. For example,
these problems are frequently divided into
problems of air, water and land pollution.
Another method is the analysis of the type of
activity that causes pollution-such as indus­
trial, agricultural, or general community activ­
ities. Most effectively, however, environmen­
tal conservation should be approached com­
prehensively by determining, on the most re­
alistic basis, the environmental standards
that need to be attained and maintained in
order to provide for a satisfactory quality of
life and work.

Thus environmental conservation in­
volves the understanding and participation
of all-government at every level, industry,
academicians and scientists, and the public
in general.

Today in the United States, one finds
urban areas where pollution is seriously
impairing the quality of the environment. On
the other hand, there are rural areas where
pollution is of little if any concern and where
the natural environment shows minimum im­
pairment.

Most peoples throughout the world, in­
clUding Americans, have for some decades

sought to improve the quality of life. And the
manifest expectations of peoples in' both de­
veloping and developed countries evidence
no departure in that objective.

The United States through the operation
of its free-enterprise competitive system has
reached unprecedented standards of living.
Not only has this system improved our own
living standards, but it has also made great
contributions to economic development
throughout the Free World. The United States
through both its private and public sectors
continues to assist the Free World's de­
veloping nations to enhance economic de­
velopment and standards of life.

Thus during the decades of the 1950's
and 1960's, policy and effort have been
largely directed to securing economic gains
and it is only lately that acute concern has
come to be directed increasingly to pollution
control and environmental conservation. In­
deed, only in recent years have information
about and evidence of potentially serious
pollution come to the attention of both the
general pUblic and the policy makers.

Today, society, including industries and
governments, has a greater awareness that'
actions which are taken to raise living stan­
dards must be carried out, not only to meet
adequately the needs of a rapidly expanding
population, but also to maintain adequately
the quality of the environment.

During the last 25 years, oil and gas
have become the dominant fuels for the
tremendous expansion of the U.S. economy.
Oil and gas resources supply three-fourths of
all U.S. energy requirements, with these
resources continuing to supply the majority
share of the energy market well into the dec­
ade of the 1980's. Industrial growth, upon
which economic expansion is based, is di­
rectly dependent upon energy. With the
world committed to economic growth there is
thus an accompanying implicit commitment
to increasing energy consumption. Also,
economic growth is essential to provide the
resources for societal objectives, inclUding
environmental conservation.

Principal sources of pollution are man
and his activities, although nature also con­
tributes. Comprehensive analysis of pollution
and its causes would indicate that the oper­
ations of the U.S. oil and gas industries per
se are responsible, relatively speaking, for a
small proportion of the total, but the pollution
generated by the use of petroleum products
by both the public and private sectors of
society is also important and the petroleum
industry shares with society the responsibility
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to contribute to environmental improvements
in these areas.

The U.S. petroleum industry has been
concerned and will continue to be concerned
with environmental conservation. For the fu­
ture, its efforts are being strengthened to as­
sure that its operations and products meet
the requir~ments of our society both for ener­
gy and for environmental conservation. Of
course, there will be costs associated with
greater emphasis upon conservation of our
environment both in the petroleum industry
and in other sectors of our society. Since in
the last analysis the complex American soci­
ety is itself the collective source of man's
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pollution, these costs must be shared by all
of us who will share in the benefits of an
improved environment.

The National Petroleum Council has
identified and addressed itself in this report
to the environmental issues which it believes
to be of concern to the oil and gas industries
as well as to the nation. For presentation of
key conclusions and recommendations, the
issues have been grouped into the catego­
ries of general law and regulatory policy, the
economics of environmental conservation,
and specific environmental concerns for air,
water and land pollution.





Law and
Regulatory Policy
1. The role of government should be to as­
certain the effects of pollutants, prescribe
workable standards of air, water and land
quality to be maintained and, in general, to
leave to private initiative the means whereby
the standards will be achieved.

To attempt to specify the particular
method by which these standards are to be
achieved would materially lessen the likeli­
hood that the optimum solutions for society
would be reached. By specifying the quality
standards to be achieved, government will
encourage individual innovation, with "mar­
ketplace regulation," and thus tend to obtain
the optimum environmental quality control for
each dollar of investment or other expendi­
ture, yet avoiding governmental discrimi­
nations among competing enterprises. Such
an approach will maintain the benefits of an
innovative and diverse free-enterprise ap­
proach.

As a case in point, the most significant
changes during the past 25 years in gasoline
quality-improvements in antiknock quality,
improvement in control of volatility and de­
crease in sulfur content-have been the free,
competitive response to meet the require­
ments of the increasingly efficient, high­
compression engines developed for automo­
biles. In this regard, modification of gasoline,
standing alone, is generally an ineffective
way to reduce automobile emissions. Gaso­
lines, however, have been modified so as to
help maintain proper operation of emissions
control devices and aid in reducing and min­
imizing emissions.

In the field of water pollution control,
also, the degree to which law or regulation is
truly effective depends on the extent to which
the prescribed standards are workable. For
example, a definition of harmful quantities or
qualities of oil discharge must necessarily be
carefully drawn to permit timely yet practica­
ble control.

2. Where a cooperative approach to the so­
lution of an environmental problem would
serve the public interest, the Executive
Branch should clarify the extent of cooper­
ation that is consistent with the intent of
present antitrust laws and, if necessary, seek
enactment of such further legislation as
would be advisable to authorize the most ef­
fective means of dealing with such problems.

Our antitrust laws playa strong role in
maintaining competition and diversity of
effort that is most likely to produce the
lowest cost solutions to meeting environmen­
tal standards. They properly prohibit con­
spiracy or collusive action by competitors in
matters affecting commerce and public
economic interests. However, to achieve the
goal of improving the environment, in a few
situations it may be that the best interests of
society would be served if competitors or
complementary industries were permitted to
exchange information on a voluntary basis or
jointly take actions regarding the modifica­
tion of products or procedures in the public
interest. For example, where environmental
hazards exist, such cooperation may be the
most feasible method to shorten the time for
correction.

3. The United States should not pursue a
policy of precluding or delaying exploration
and development of the potential petroleum
resources of its submerged continental
margins.

Environmental quality control of the
offshore petroleum provinces of the U.S.,
which are the prerogatives of the federal and
concerned state governments, should be ex­
ercised effectively yet in such a way as to
promote the exploration and development of
these domestic reserves which are increas­
ingly vital to the energy needs of the nation.

Several key points in this regard are:

• Exploration and data-collection activi­
ties, which must precede drilling on the
continental shelf, present no pollution
hazard and should be continued without
interruption. in order to determine poten­
tial areas for drilling and production.

Adequate lead time and continuity of
effort are essential to ensure efficiency
and effectiveness in exploration for dis­
covery of new reserves of oil and natural
gas so that they will be available to the
national economy and security when re­
quired.

• It is a fundamental responsibility of gov­
ernment, after consultation with the pe­
troleum industry, to update periodical­
ly the existing regulations for offshore
drilling and production.

Rules and regulations under which the
industry operates on the Outer Continen­
tal Shelf received considerable revision
in 1969, with industry being given the
opportunity to work closely, where ap­
propriate, with the federal agencies in
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formulating these reVISions. It is neces­
sary that regulations keep pace with
continually improving technology and
procedures.

• Undersea well completion technology
is still in the early stage of development
and techniques are not yet capable of
being widely implemented. It would not
presently be feasible and may never be
desirable to require subsea completions
as a matter of general policy.

4. Conflicting jurisdiction and authority
among and within governments with respect
to offshore pollution hamper effective control
and enforcement and should be effectively
resolved.

Present laws divide jurisdiction and au­
thority with respect to offshore spills between
three federal agencies. States of the Union
as well as other nations are also involved in
this matter.

Economics of
Environmental
Conservation
5. The determination of environmental qual­
ity standards should, among other things,
take into account the cost-benefit factor to
society and the impact of that factor upon our
economy.

Relevant inquiries in this connection
are: How clean? At what cost? With what
benefit? How are these costs to be shared?
Costs and benefits to society of environmen­
tal quality control must be analyzed in the
total context of losses and gains.

There are three basic costs involved in
environmental conservation: (1) the cost of
pollution reduction or elimination to prevent
damage, (2) the cost of restoring environ­
mental quality where damage has occurred,
and (3) the societal cost associated with
damage caused by pollution. The costs of
restoring or preserving the quality of the en­
vironment in which we live, whether incurred
by industry or government, are an expense of
society and necessarily will be assumed by
society in the form of increased taxes, de­
creased tax revenue through the extension of
tax incentives, increased prices for goods
and services, or in a combination of these.
Abatement or restoration costs must be bal­
anced against societal costs of damages
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from pollution so that the proper relationship
between costs and benefits will be achieved.

The cost-benefit factor applies directly
to many operations of the petroleum indus­
try. Recognizing that its involvement in pollu­
tion control includes not only functional oper­
ations but also use of petroleum prOducts,
the petroleum industry has directed many
millions of dollars toward control facilities
and basic product research. These expendi­
tures have increased from $271.4 million in
1966 to an estimated $559.5 million in 1970.

• Severe, impractical or unnecessarily
costly regulation of exploration, produc­
tion and transportation reduces the
incentives for proving and developing
needed reserves of oil and gas and also
increases the cost of petroleum products.

• Pollution control efforts will continue to
have a major effect on capital spending
and operating costs in refining oper­
ations of the industry.
It is difficult to determine cost alterna­
tives in dealing with refinery waste prob­
lems, particularly because some facili­
ties provide dual benefits in processing
and pollution control. However, the ratio
of capital costs for a high degree of
treatment of waste waters to that of a
low degree of treatment has been esti­
mated to be almost 6 to 1. Furthermore,
installing air pollution control equipment
on existing refinery units is likely to cost
from half again to double the amount
for comparable equipment in new
construction.

• Other factors being equal, the benefits
of economies of scale are just as appli­
cable to petroleum operations as they
are to other areas of the economy and
ultimately result in cost savings to the
consumer.

For example, large pipelines, huge ma­
rine tankers, and jumbo tank trucks and
rail tank cars are now needed to trans­
port crude oil, gas and other petroleum
products used in the United States in
order to meet the great demands. Indic­
ative of the savings through increased
size is an estimate that the transporta­
tion cost per barrel for a tanker run from
the Gulf Coast to the New York City area
is reduced by a factor of almost 3 for an
increase in deadweight tonnage from 16,­
000 to 100,000.

• Cost-effectiveness is the overriding con­
sideration in reducing hydrocarbon emis-



sions to atmosphere from storage and
transportation of oil and gas.

Technology is available for almost any
degree of control of such emissions. It
is technologically possible but cost­
effectively impracticable in some loca­
tions to eliminate entirely filling losses at
service stations. Submerged fill pipes
are a practical and economical means
of reducing vapor losses from under­
ground tanks.

6. Where environmental quality does not
meet prescribed standards, the constantly
moving limits of technology and economics
should be taken into account in setting real­
istic and stable timetables for achievement
of the desired quality.

Individual petroleum companies carryon
intensive research programs to improve prod­
ucts and operations. The research effort
alone of the petroleum companies relating to
environmental conservation in 1970 is esti­
mated to be almost one-third higher than the
1969 expenditures. This research effort has
resulted in improved products causing less
air and water pollution and improved oper­
ations minimizing all pollution.

There is an inevitable period of time in­
volved in planning, financing and implement­
ing measures, and in a number of instances
for developing the necessary technology, to
comply with prescribed environmental stan­
dards. Thus it is essential that, after stan­
dards are determined and the time period
fixed for compliance, industry be able to rely
upon the resulting schedule and not be sub­
jected to continual and exceedingly costly
schedule revisions.

In some instances technological ad­
vances may reach such a stage of develop-

. ment that they appear available for applica­
tion in the very near future. If there is strong
reason for confidence that such imminent
technological advances will help to achieve
pollution control objectives, then such tech­
nology should be awaited, provided this is in
the general public interest.

These principles are applicable to
several important areas of concern to the oil
and gas industries today:

• The effectiveness of control of oil dis­
charges from offshore drilling and pro­
duction operations can be continuously
improved by the development of reason­
able standards, together with time
schedules in which to implement them,

established by government with the ad­
vice of industry.

Oil discharges from offshore drilling and
production operations have been a
source of pollution. This can be con­
trolled by proper procedures, eqUip­
ment and treatment facilities, and efforts
are continuing to ensure that this is done.

• As the efforts of industry and govern­
ment continue for effective offshore
practices and regulations based on im­
proved technology, every effort should
be made by government to avoid the
"stop-and-go" scheduling and cancella­
tion of federal acreage sales.

• Technology and economics may lead to
solution of the problem of sulfur dioxide
emissions from petroleum fuels by the
use of gas and low-sulfur fuels in small
installations and residual fuels in large
installations equipped with sulfur-control
processes, such as stack-gas desulfuri­
zation when it becomes feasible.

Fuel desulfurization and lowered unit
consumption in larger efficient installa­
tions are methods for reducing sulfur di­
oxide (S02) emissions with present tech­
nology; stack-gas desulfurization is not
yet commercially feasible.

The technology has not been developed
for the removal of organic-type sulfur
contained in coal. Low-sulfur coals, low­
sulfur fuel oil and natural gas will have
to be used to supply low-sulfur fuel de­
mands until desulfurization of high-sulfur
coals or removal of sulfur from stack
gases becomes practicable. Currently,
supplies of low-sulfur coals are limited
to certain geographical areas and, as a
result, fuel oil and natural gas will be
used in a majority of new low-sulfur fuel
markets.

7. The inevitable costs associated with en­
vironmental conservation and pollution con­
trol must be borne by society. An approach is
needed which will achieve environmental ob­
jectives at the lowest net cost to society and
in a fashion which will maximize current ben­
efits so that the costs incurred may be met on
as current a basis as practicable.

Costs of environmental conservation and
pollution control could be met by utilization
of one or a combination of methods, such as
classifying environmental expenses as a nor­
mal cost of doing business, tax incentives,
and/ or government sUbsidies. Meeting envi-
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ronmental quality standards through market
competition will provide the optimum quality
for money expended.

A general tax credit for investment has
been successfully used in the past as an
efficient means for stimulating economic ac­
tivity by encouraging the required invest­
ments. Such a tax incentive could be used to
attain other objectives if there is a well­
defined and practicable program at all gov­
ernment !evels.

8. Imposition of economic penalties is not
an effective means of attaining optimum envi­
ronmental conservation.

As a general matter, genuine societal
problems affecting the public welfare should
be approached directly by the pUblic and its
government and not through indirect avenues
such as governmentally-imposed economic
penalties. As a practical matter, such
economic penalties provide the option of
meeting the imposed penalty and thus con­
tinuing the undesirable conduct without
abating pollution. This approach also suffers
from the virtual impossibility of selecting an
equitable method of assessing charges for
the vast number of potential pollutants.

This objection would be applicable to
the imposition of charges on fuels as a
means of controlling emissions into the atmo­
sphere. In fact, this type of charge on fuel
composition suffers from the further compli­
cation of selecting for assessment a particu­
lar aspect of the technical interrelationship
between fuels on the one hand and, on the
other, the vehicles or stationary plant for
which they are designed. Such a charge
would unnecessarily inject the government
into the free-market competitive process,
thus limiting the initiative of individual manu­
facturers to develop more effective means of
emissions control. Proposals to apply charges
to the sulfur content of heating fuels or to
lead additives to gasoline might well, in prac­
tice, contribute nothing to environmental con­
servation and could even forestall progress
now under way.

9. If required, regulations for the reduction
of lead in gasoline should be planned realis­
tically to provide for such reductions as are
necessary to reach practical emission goals
at a minimum overall cost to the public.

Regulations prescribing lead contents of
gasoline are inappropriate and unnecessary.
Low-lead and unleaded gasolines are now
generally available and further restrictions on
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the use of lead will result in significant tech­
nical and economic effects on the production
of gasoline. The use of lead alkyl additives in
gasoline is by far the most economical meth­
od known to increase the octane quality of
gasoline.

Specific
Environmental
Concerns
AIR

10. The most serious air pollution problem
for the petroleum industry results from the
use and, in some cases, the inefficient use of
petroleum products to produce energy for
our expanding standard of living and in­
creasing population.

The emissions of main concern from mo­
bile sources are hydrocarbons, carbon mo­
noxide (CO), nitrogen oxides (NOx) and
particulate matter.

Reduction in local air quality can result
from the use of petroleum products as well
as any other fuel in fixed installations, such
as fuel for power generation, manufacturing
processes-including petroleum refineries,
commercial and domestic heating, as well as
from use of miscellaneous products such as
solvents. Sulfur dioxide (S02) is primarily a
result of the production of energy in various
stationary sources. Small stationary energy­
producing units also can produce significant
quantities of unburned hydrocarbons and CO
as a result of inefficient combustion and
poorly maintained equipment.

11. Emissions from vehicles are a signifi­
cant factor in air pollution in the United
States.

The automobile has become a way of
life in the United States. Almost half of the
automobile travel is required for the purpose
of earning a living.

The development and application of
technology to reduce emissions from the in­
ternal combustion engine have been signifi­
cant, and new technology will provide the
essentially emission-free vehicle to conform
with government goals. Hydrocarbon and
carbon monoxide emissions from vehicles
are trending down after having reached
peaks in the 1965-68 period. Nitrogen oxides



emissions will start down in 1973 and auto­
motive particulates emissions will start down
in 1976. The reciprocating engine with ad­
vanced emissions control systems will be the
principal power unit for automobiles for the
foreseeable future.

Natural gas and LP-gas (LPG) can be
consumed in energy production with very low
quantities of harmful emissions other than
NOx , but already-serious supply limitations
and, in some instances, safety considerations
will limit use of these fuels for vehicles.

12. Use of petroleum products is the source
of only about one-fifth of the sulfur dioxide in
the United States.

The petroleum industry has made sub­
stantial progress in lowering the sulfur con­
tent of its products. Since World War II, the
already low sulfur content of the lighter liquid
petroleum fuels-gasoline, diesel fuels and
home heating oils-has been further reduced
by more than 50 percent. Furthermore, prog­
ress is being made in reducing the sulfur
content of residual fuel oils, although desul­
furization of residual fuels significantly in­
creases refining costs.

Stack-gas desulfurization is not expect­
ed to be a significant factor in reducing S02
from large electric power generating plants
before late in this decade. These processes
hold promise of enabling large fuel con­
sumers to use high-sulfur fuels.

13. The amount of nitrogen oxides, carbon
monoxide and hydrocarbons emitted from
stationary sources is more dependent on fur­
nace design and operating practices than on
the fuel used.

All are amenable to control. New station­
ary installations are designed to produce low
emissions. Old installations can be modified
to reduce emissions.

Hydrocarbon emissions from petroleum­
based solvents can be adequately controlled
by incineration, adsorption or absorption if
the process will allow adequate collection.
However, some sources of hydrocarbon
emissions, such as evaporation from newly
applied paint or other architectural coatings,
cannot be eliminated if a petroleum solvent
is present.

14. Refinery air pollution control techniques
have been developed which should permit
refineries to operate in any community with­
out constituting an area-wide environmental
problem.

Progress has been made but continued

efforts are required to achieve complete aes­
thetic and psychological acceptance by res­
idential areas immediately adjacent to refin­
eries. The major potential refinery emissions
that may contribute to air pollution are sulfur
compounds, nitrogen oxides, hydrocarbons,
carbon monoxide and particulates including
smoke. The methods and processes avail­
able for preventing the release of these sub­
stances in objectionable quantities are often
very complex and expensive but reasonable
air quality requirements can be, and general­
ly are, met. Odors associated with even very
minor amounts of certain compounds are
perhaps the most perplexing problems.

15. Storage, transportation and marketing
operations are essentially a closed system
from source to customer; potential for air pol­
lution exists at points of transfer and in ab­
normal occurrences.

16. Light and noise, although not normally
categorized as forms of air pollution, are
being controlled to an increasing extent at
refineries.

During normal refinery operations the
amount of gas burned in flares is, for conser­
vation reasons, very small. However, at cer­
tain times, sudden increases have been the
cause of complaints. It is therefore consid­
ered good policy to situate flares as well
away as practicable from residential areas or
other locations where they are exposed to
the public, or to enclose the flares to reduce
light emissions. Noise from refinery oper­
ations usually can be reduced by design
changes in process equipment. Recognizing
that both the public and governmental au­
thorities have been increasingly concerned in
recent years over intensified levels of noise
from sources such as aircraft, highway
traffic and industry, the petroleum industry
will continue to be actively engaged in pro­
grams to reduce noise levels from refinery
operations.

17. Petroleum industry research, on both a
cooperative and an individual company basis,
has led to an understanding of atmospheric
chemistry and contributed to the development
of technology for controlling emissions from
both mobile and stationary sources.

The cooperative aspects of this research
effort have been carried out in a variety of
ways:

• The American Petroleum Institute has
actively supported research on air pollu­
tion since 1953. This current broad re-
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search effort represents an expenditure
of about $3.5 million a year in direct
support of outside research efforts in
addition to individual company expendi­
tures and involves projects in both air
and water conservation .

• The petroleum and automobile indus­
tries have worked cooperatively with the
Federal Government through the Coordi­
nating Research Council (CRG) and its
Air Pollution Research Advisory Commit­
tee (APRAC) in developing technical in­
formation on the nature and effects of
vehicle air pollution. The results of this
research not only will aid industry to de­
velop better controls for exhaust emis­
sions but can also be an aid to the gov­
ernment in establishing realistic and
practical air quality standards and emis­
sions control requirements that are based
on reliable technical information. The
CRC program represents a research
effort of $12 million over the past three
years.

• Inter-industry sponsored research groups
have contributed significant research re­
sults from extensive studies on the de­
velopment of vehicle hardware and fuels
required to meet the vehicle emissions
goals and regulations. Much of the hard­
ware now used on vehicles for emissions
control was developed in these inter­
industry (petroleum and automobile) re­
search studies.

Within the framework of the antitrust
laws, cooperative research by the petroleum
industry will continue in the future with
related industries and government. Major
specific needs for such further research in­
clude:

• Health effects of emissions into the at­
mosphere

• Fuel-vehicle system to produce a "pol­
lution-free car"

• Desulfurization of fuels and stack
gases

18. Based on scientific studies, on a global
aggregate basis air pollution is not a serious
problem, although in many urban industrial­
ized areas it has reached serious pro­
portions. Studies involving international co­
operation are needed to define any global
effects of air pollution, particularly from man­
made sources.

While man's contribution produces local­
ized problems of varying degrees, depending
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on population density and natural ventilation,
there is a question as to the effect of man's
pollution on a global basis in view of nature's
contribution and absorptive capability.

WATER AND LAND

19. Oil spills that occur during drilling and
production operations offshore have resulted
from uncontrollable natural causes or from
accidents occasioned by equipment failure
or human error. The potential hazard of such
spills can be minimized but cannot be entire­
Iyeliminated.

The potential for pollution from such op­
erations has been SUbstantially reduced by
sound practices, regulations and supervi­
sion.

An examination of the industry record
offshore reveals that, despite the recent ma­
jor oil spills during drilling and production
processes, the petroleum industry has been
highly successful in keeping serious pollution
incidents at a low level during its history of
operations in the offshore areas.

Safety and pollution control on offshore
platforms are interdependent. Reasonable
supervision of drilling operations, inclUding
ensuring the continual use of trained person­
nel and compliance with offshore drilling
regulations, is imperative for safe operating
practices and pollution control.

No oil spills of relative consequence have
been associated with offshore pipelines. The
potential hazard for accidental spillage from
pipeline transportation of hydrocarbons off­
shore is somewhat greater than on land, but
pipelines are the safest known method of
transportation.

The greatest potential for water pollution
from storage operations exists in offshore op­
erations; pipeline transportation to shore re­
duces required storage volumes and there­
fore potential for large spills, but is not al­
ways economically feasible. Precautions are
taken at terminals and bulk storage facilities
to prevent oil pollution from surface runoff.

20. Although significant progress has been
achieved by industry, even more advanced
and more widely used standards, practices
and facilities are needed for the prevention
and control of oil spills from petroleum ma­
rine transportation and transfer operations­
whether upon the high seas or upon U.S.
coastal and inland waters.

The petroleum industry has taken posi­
tive steps for many years to improve technol­
ogy and operational practices and to adopt



the necessary standards so as to avoid oil
spills from water transportation operations,
but recognizes that oil on the ocean and
coastal waters remains a major problem­
one that is international in scope and re­
quires the active participation of the petrole­
um industry for solution. At the same time,
the problem encompasses all classes of
ships, many of which are outside the petrole­
um industry's control, e.g., dry cargo vessels,
government ships.

• Where adequate facilities for disposal
of oily wastes are not available, they
must be provided at terminals, shipyards
and marine facilities.

Although oil tankers are potentially a
source of major oil pollution, there is no
immunity from the threat of oil pollution
from other types of vessels. The United
States is sUbject to pollution to some
extent from each of more than 5 million
craft, including those on inland or inter­
coastal waters and those which call at
U.S. ports in the process of carrying in­
ternational commerce or for other pur­
poses.

Methods to ensure proper handling of
all oily wastes should be established for
all ships, regardless of ownership or
registry. Without adherence to such
methods and the availability of adequate
disposal facilities, improper disposal
will continue to cause pollution.

• The prevention of major oil spills from
mishap in tanker transportation of oil re­
quires the continuing attention and co­
operation of industry and government.

In the immediate areas affected, major
oil spills from accidents with tanker
transportation of oil are a serious pollu­
tion source for which the petroleum in­
dustry is developing solutions. Analysis
of such mishaps during the period from
1956 to 1969 has provided relevant facts
upon which to base actions to control
this problem. For example, the most
likely spill involved a tanker carrying
crude or residual fuel oils and occurred
within 25 miles of a port suitable for
staging control action.

Governments, as well as private indus­
try, have a vital role in prevention of
mishaps. Improved transportation sup­
port services, such as weather fore­
casting and navigational aids, and im­
proved ship lanes would assist to min­
imize such accidents.

Education and training requirements for
ships' crews should be improved and
geared to the size and design of the
vessel. Increasingly coordinated efforts
are needed between federal agencies
and the shipping industry concerning
marine operations and regulations.
Efforts must continue through interna­
tional organizations to improve interna­
tional standards of vessel design and
operation to prevent pollution.

21. Specific well-staffed and well-equipped
oil spill control centers are needed and
should be established in strategic areas of .
high pollution potential.

Methods of meeting this need are under
study by the petroleum industry and substan­
tial progress is being made in some geo­
graphical areas.

22. Technology is not presently available to
contain major oil spills under conditions of
strong currents or heavy seas. Where condi­
tions permit, containment and mechanical
recovery of spilled oil often provide the most
effective method of oil spill control.

Little effective containment or recovery
of spilled oil is possible today at sea where
wave heights exceed 3 feet or surface cur­
rents exceed 1 knot.

However, at present, dispersing, sinking
and burning offer possibilities for controlling
major oil spills where their use is not pre­
vented by other considerations.

Much research is needed on contain­
ment and recovery methods at sea and a
considerable effort is under way. Current re­
search efforts must be continued and addi­
tional funds allocated for oil spill control re­
search efforts. This is an appropriate area for
joint industry-government effort.

In addition to research efforts on con­
tainment and recovery of oil at sea, some
other specific areas for research to improve
control are:

• Methods of off-loading tankers at sea in
an emergency situation.

• Methods of identifying oils, both in pro­
ducing areas and in transportation, for
proper identification of pollution sources.

• Definition and classification of oil-spill
treating agents for both offshore and on­
shore, to provide guidance and safe­
guards in their use.

• Advanced techniques for rapid and
efficient beach and shoreline cleanup,
restoration of these areas, and methods
of disposal of cleaned-up oil.
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• Development of improved material spec­
ifications, testing procedures and instru­
mentation.

• The fate and behavior of oil on water
and its true effect on the marine environ­
ment.

23. The preponderance of evidence does
not support the thesis that permanent dam­
age has been done to marine life and the
environment by oil spills.

Oil spills are unsightly to the area where
they occur and regrettably cause some mor­
tality of certain marine invertebrates and
bi rds. These disruptions of the ecology ap­
pear to be temporary, however, and the envi­
ronments are restored in time. Further
studies are being carried out in this impor­
tant area.

24. The petroleum industry recognizes ~hat

refinery operations are a potential source of
pollution and has taken positive steps for
many years to reduce such pollution.

A petroleum refinery consists of a com­
plex series of processes designed and oper­
ated to maximize the product yield from the
crude oil utilized while minimizing the es­
cape of hydrocarbons and other petroleum
components.

Control is exercised over both water and
airborne effluents, and precautions are taken
to dispose of solid wastes in a manner ac­
ceptable to regulatory agencies. Neverthe­
less, more advanced and sophisticated envi­
ronmental control equipment must be de­
veloped and placed in operation to keep
ahead of societal demands.

The industry has, through its trade asso­
ciation, the American Petroleum Institute,
made a comprehensive assessment of refin­
ery effluent characteristics and waste-water
quality control practices. Results of this sur­
vey are available to concerned government
agencies for planning purposes.

Major aspects of the control problem
are:

• The nation's 281 refineries all have
waste-water treating systems designed
to handle various types of liquid and sol­
id wastes.

Broadly speaking, most systems include
in-plant control equipment, sewer sys­
tems and ancillary equipment for the
collection and segregation of wastes,
and gravity-type separators for the re­
moval of oil and suspended solids. Many
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systems also include additional units for
oil removal and/or some form of biolog­
ical treatment. Facilities for the dispos­
al of solid wastes and treatment of
recovered oil are also important system
features generally employed. Particular
attention is usually given to reducing the
oil content, suspended solids, oxygen
demand, ammonia and phenolics con­
tent, and the taste and odor of refinery
effluents.

• Refineries require relatively large
amounts of water for cooling, process­
ing, steam generation, sanitation, and
potable use, but much of it is furnished
by recycling.

The freshwater intake of the refining in­
dustry has been reported to be only
about 0.7 percent of total U.S. with­
drawals and its consumption is only
about 0.25 percent of total U.S. con­
sumptive use. Ninety-seven percent of
the total water requirement is for cool­
ing. As water reuse, particularly for
cooling purposes, continues to expand,
raw water requirements per barrel of
crude will, on the average, continue to
decrease.

• Advanced waste-water treatment pro­
cesses are being developed and placed
in operation at some refineries.

Various of these methods will be used
more extensively as the degree of treat­
ment needed to maintain proper quality
of the receiving body of water increases.
Chemical and physical monitoring of
both refinery effluents and receiving
water is commonly practiced.

25. Considering the volume of materials
handled, land pipeline transportation of hy­
drocarbons is a minimal source of pollution.

It has been estimated that only six thou­
sandths of one percent of liquids moved by
pipeline per year was spilled, with the
causes of most unrelated to daily oil industry
operations.

26. Improper disposal of used lubricating
oils and other wastes from marketing oper­
ations is a potential source of pollution, al­
though not a major one at present because
of industry efforts to assure proper disposal
procedures.

As long as good housekeeping practices
are followed, marketing operations pose little
potential for pollution of land and water.



Summary
Conclusion

It is the conclusion of the National Petro­
leum Council, an industry advisory body to
the Secretary of the Interior representing vir­
tually the entire American oil and gas indus­
tries, that these industries are conscious of
their significant responsibilities for environ­
mental conservation and are sincerely dedi­
cated to a continuing and effective approach
to the solutions to those environmental prob­
lems which lie within their purview.

The oil and gas industries are well
aware of the environmental problems result­
ing from the conduct of their various oper­
ations of production, refining, storage, trans­
portation and marketing of products, and
also outside these industries, from the use of
their products. Real progress has been made
in defining these problems and developing
solutions to them, but, nevertheless, prob­
lems remain. Continuing progress will be re­
quired to improve standards and to develop
more advanced technology and better oper­
ating practices and equipment to achieve im­
proved environmental quality.

The oil and gas industries face a re­
quirement to provide to the society of which
they are a part vital energy in a manner con­
sistent with envi ron mental conservation, rec­
ognizing that the costs involved are those of
society. We are confident that these indus­
tries will continue to do their part, including
full cooperation with government and with
the general public which they serve, so that
the requisite environmental standards can be
developed and met, consistent with providing
the nation with its necessary energy.
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Chapter One:

The Requirements
for Environmental
Conservation

The United States finds itself today with
unparalleled affluence but with social prob­
lems, some of them envtronmental in nature,
so significant that they have become of na­
tional concern.

Analysis of pollution problems can be
approached in various ways. For example,
these problems are frequently divided into
problems of air, water and land pollution.
Another is the analysis of the type of activity
that causes pollution-such as industrial, ag­
ricultural, or general community activities.
Most effectively, however, envi ronmental
conservation should be approached compre­
hensively by determining, on the most realis­
tic basis, the envi ron mental standards that
need to be attained and maintained in order
to provide for a satisfactory quality of life and
work.

Lawmakers and regulators at every level
of government, industrialists-large and small
-trade associations, professional societies,
engineers, scientists, ecologists, professional
writers, students and, indeed, citizens of all
ages and from varying types of communities
are addressing themselves to practical and
timely solutions of environmental problems.
This sharpened focus on problems of envi ron­
mental quality indicates a growing realization
that material well-being and a high standard
of liVing based on continuous economic ex­
pansion cannot continue to be the overriding
goal of society if severe abuse of the environ­
ment that sustains life is an inevitable result
of pursuing such a goal.

Surely, however, economic growth and a
satisfactory environment are reconcilable. It
is necessary, then, to achieve a proper bal­
ance between the human need and desire for
the products of science and technology pro­
vided by an industrialized society and the
need for a wholesome environment. Society
must continue to use the resources of the
envi ronment because they are the only such
resources it has. Through wise management

of the envi ronment we must continue to ac­
celerate the resolution of conflicting interests
and achieve a balance that is in the best
interest of all.

To some extent, air, water and land can
be permitted to absorb the wastes of civiliza­
tion and nature without harm. Such absorp­
tion reduces the cost to society of disposing
of wastes in other ways. However, if the
waste load imposed is such as to endanger
health or the environment, then further pollU­
tion control becomes essential. Control also
becomes desirable when the penalties to so­
ciety from pollution are greater than the cost
of correction. The problem lies in measuring
values.

All members of the petroleum industry
are becoming aware that economic solutions
are no longer, in themselves, meeting the
value standards of society. While continuing
to fulfill their primary mission of supplying
energy to the nation, the oil and gas indus­
tries are increasing their commitment to envi­
ronmental conservation SUbstantially wher­
ever pollution control is needed.

SECTION 1.
POLLUTION-NATURAL AND MAN-MADE

Both nature and man contaminate the
environment. For example, natural forest
fires or simple organic decay may cause
large additions of solids or gases to the at­
mosphere. Man's contributions to air pollu­
tion may be aerosols or gaseous compounds
from power generation, industrial operations
or from automobile exhausts. Nature, in turn,
contributes such Widely diverse contami­
nation to water and land as uncontrolled ani­
mal wastes, or debris and suspended partic­
ulates swept into streams by storms. Man
litters the landscape with discarded trash,
pours inadequately treated human wastes
into receiving waters, and releases industrial
materials in undesirable quantities.

With these dual and, in the case of na­
ture, often uncontrollable sources of contam­
inants, there is a need to define acceptable
quality of air, water and land, so as to meet
society's concerns by providing realistically
achievable base points for industry and com­
munity action.

In assessing the role of the oil and gas
industries in the problems of environmental
quality, it appears to be appropriate to list
the major pollutants which may occur as the
result of the industries' operations and the

27



use of their products in mobile or stationary
sources (see Table 1).

Some of these pollutants are most likely
to be found in higher concentrations in urban
areas where man's activities are concen­
trated. Others are localized industrial wastes
which may be found either in urban areas or
the countryside. Many are substances found
normally in nature-products of oxidation
and natural liquids. Thus the type of source,
its location, and the mechanisms of nature
are all important factors in jUdging the need
and manner of control.

A. The Urban Environment

Pollution by man becomes significant
usually in urbanized areas, with each area
differing because of such varying factors as
climate, geography, industrial development,
utilization of fuels for transportation and en­
ergy and refuse disposal procedures. Further
factors compounding the environmental diffi­
culties of today's cities are the lack of open

spaces and parks, faltering transportation
systems, substandard housing, poor sanita­
tion, periodic power shortages and, in gener­
al, the crush of too many people and inade­
quate services.

Our knowledge of the effects of pollU­
tants is not complete, but we do know that
those effects are not uniform in all urban
areas. Acute toxicological effects of some air
contaminants on humans are well known, but
the effects of exposure to low concentrations
of the individual pollutants and mixtures
thereof are still not conclusive even after
years of investigation. The soiling effects of
smoke on buildings and laundry, the effects
of acid mist on fabrics, and the corrosion of
metal and carbonate stone by acid pollutants
are well known, but vegetation damage
shown in the laboratory has been difficult to
correlate positively with field data. Actual
psychological effects on urban residents
from offensive odors or haze formation point

TABLE 1: Major Pollutants
of U.S. Oil and Gas Industries

AIR

substance

Sulfur oxides
Hydrogen sulfide

Carbon monoxide

Nitrogen oxides

Particulate matter

Hydrocarbons

WATER

sources: use of products

stationary combustion sources

vehicles,
stationary combustion sources
vehicles,
stationary combustion sources
vehicles,
stationary combustion sources
vehicles,
stationary combustion sources

sources: industry operations

refining
production, transportation
and storage, drilling,
refining
refining

refining

refining

petroleum transportation
and storage, marketing,
drilling, production, gas
treating, refining

Oil petroleum handling

Drilling mud and treating fluids
Brine
Organic compounds
(amines, phenolics, sulfides, mercaptans)
Suspended particulate matter
Spent caustics
Nutrients
Used or waste oil vehicles, industrial use

LAND

drilling, production,
transportation and storage,
refining, marketing
drilling and completion
production

refining
refining
refining
refining

rail

Brine
Waste water
Sludges

Trash and litter
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industrial use

all

drilling, production,
transportation and storage,
refining, marketing
production
production
refining, production,
marketing
all



to the need for better understanding of aero­
sol formation and photochemistry of the at­
mosphere so that problems may be properly
overcome.

Like air pollution, water and land pollu­
tion are generally most acute in densely set­
tled sections. Spillage of crude oil or petrole­
um products in or adjacent to these densely
populated areas is understandably high on
the list of the pUblic's pollution concerns.

Overcoming the pollution ailments of our
urban environment requires recognition of
the interrelationships among the many prob­
lems of the urban community and the cooper­
ation of every segment of society, including
government and industry, as well as each
individual. Governments have the responsi­
bility of developing effective policy and stan­
dards and the means for their administra­
tion. Industry must get on with its task of
adjusting its operations and developing its
products to meet urban environmental needs
as well as to accomplish their primary pur­
poses. Every urban dweller must be made
aware of the envi ron mental consequences of
his actions.

In the long run, our cities may require
many fundamental changes. For example, a
major cause of urban environmental prob­
lems-too many people in too little space­
may have to be solved by decentralization of
population and industry to make better use
of available land and air space. In the shorter
run, however, serious pollutants must be
brought under control, utilizing available
technology.

The petroleum industry has long recog­
nized its role in this effort and has made
significant steps forward, both in improving
its own operations in heavily populated areas
and in improving its products to meet the
requirements of consumers for energy and of
environmental conservation. The major pollu­
tants concerned have previously been listed.
A brief elaboration of those most significant
in the urban environment provides a useful
perspective.

1. Air Pollutants

a) Sulfur Dioxide

The petroleum industry has demon­
strated its ability to reduce the sulfur content
of its fuels. For those areas dependent pri­
marily on liquid fuels for energy, confidence
is justified that S02 from petroleum products
will continue to decrease as required to
achieve acceptable ambient S02 levels. For
large combustion processes using those

fossil fuels which are not amenable to de­
sulfurization, confidence seems justified that
flue-gas desulfurization technology being de­
veloped will bring these sources under con­
trol.

b) Carbon Monoxide

Carbon monoxide is another pollutant
for which there is considerable concern. The
major combustion source is the gasoline en­
gine, although lesser amounts of carbon mon­
oxide are produced by other combustion
sources.

Recent improvements in carbon monox­
ide control on automobile exhausts and the
confidence being evidenced by automobile
makers that they can make further substan­
tial reductions indicate that within the next
decade this pollutant will be brought under
control.

c) Nitrogen Oxides

Nitrogen oxides are of concern in cer­
tain urban situations where photochemical
smog develops. High-temperature combus­
tion processes contribute to their formation
by fixation of nitrogen and oxygen atoms.
About half the man-made nitrogen oxides
emitted in the U.S. are from stationary com­
bustion sources and about half from the au­
tomobile internal-combustion engine.

There seems to be justification for con­
cluding that technology will bring emissions
of nitrogen oxides from the automotive en­
gine under control to the point where this
source will no longer be a problem. The de­
velopment of technology to control emissions
from stationary sources is, however, only in
its early stages.

d) Gaseous Hydrocarbons

Gaseous hydrocarbons may enter the
urban atmosphere either as evaporatives
from liqUid hydrocarbons or as escaping
gases in their normal state. The most impor­
tant emissions take place during use of the
products as a fuel, either because of incom­
plete combustion or from evaporation in the
combustion system. Some emissions may
also occur as a result of use of industrial
organic solvents.

The amount of hydrocarbon emissions
from automobiles has already been reduced
substantially. Reduction is particularly impor­
tant because of the role played by hydrocar­
bons in the complex photochemical smog
reaction.

Since hydrocarbons are products of the
petroleum industry, control measures to pre-
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vent their loss during normal industry oper­
ations are customarily accepted as good
practice for economic reasons as well as to
ensure the proper atmospheric quality.

e) Particulates

Smoke and particulate matter are basi­
cally urban problems. However, control tech­
niques are now available for 90- to 99-percent
control of most particulate emissions. The
problem does not lie with the development of
technology, but only in the reasonable setting
and application of standards by governments
so as to bring particulate emissions under
control at a rate that can be met by the
economy.

2. Water Pollutants

Spillage of liquid hydrocarbons may oc­
cur from several types of operations of the
petroleum industry. Marketing is done in all
urban areas, while transportation activities,
refining and even production may be accom­
plished in or near urban areas, depending on
the locale. In each case, the magnitude, the
nature of the problem, and the solutions vary
widely. Over the years, pollution from the
normal operations of production, refining,
and transportation has been drastically re­
duced and work is continuing to accomplish
further improvements. Marketing problems of
spillage of hydrocarbon and disposal of
waste oils require and are receiving the at­
tention of the industry, although these are
also problems requiring personal care by
each user individually.

Technology is generally available for re­
ducing water pollution to an acceptable
level. Most research is aimed at improving
the cost-effectiveness of waste-water treat­
ment methods and related processes.

B. Global Source and Fate
Perhaps the greatest motivating force

behind society's concern for the condition of
the environment is an awareness of predic­
tions that the future will be much worse. Data
exist which counter such views, and accom­
plished technological advances and progress
in the control of air and water quality pre­
sage improvements rather than further de­
gradation. Furthermore, on a global basis,
man's contributions of a given class of air
pollutants may be overshadowed by nature's,
and the mechanisms of nature are quite ca­
pable of rendering harmless the cumulative
contributions from both of them.

Studies involving international cooper­
ation are needed to define any global effects

30

of air and water pollution, particularly from
man-made sources.

1. Air Pollution

The global source and fate of atmo­
spheric trace gases which are the same as
those produced from operations of the petro­
leum industry and use of its products, have
been studied carefully by eminent scientists.
The basic concept developed from studies
by Junge,l Robinson and Robbins,2 and
others is that for every pollutant entering the
atmosphere, there is some mechanism in
nature for its removal. On a long-term global
basis, it may be concluded from these
studies that for the more reactive pollutants
such as sulfur oxide, nitrogen oxide, nitrogen
dioxide, hydrogen sulfide and even carbon
monoxide, concentration increases appear
unlikely.

a) Sulfur Dioxide

Estimates of global production of sulfur
dioxide range from 80* to 146t million tons
a year. While responsible estimates are that
sulfur dioxide will last an average of 43 days
and probably less and the American Associa­
tion for the Advancement of Science (AAAS)
has stated that sulfur oxides may be of little
global concern from a long-range point of
view, it is apparent that local concentrations
of some consequence do exist. All the other
sulfur compounds which might be considered
as pollutants (such as hydrogen sulfide and
mercaptans) are converted by direct and
photochemical oxidation to sulfate and are
washed from the air. Therefore it appears
that, as far as sulfur compounds are con­
cerned, if man can control their peak occur­
rence in crowded urban centers so that they
do not cause unwanted effects before they
are diffused in the atmosphere, then we
should have no present need for action con­
cerning their global effects, other than con­
tinued stUdy.

b) Carbon Monoxide

As in the case of sulfur compounds, the
problem with carbon monoxide is control of
emission souces to prevent its reaching
health-damaging concentrations in urban at­
mospheres. Studies now under way show
that there has been no increase globally, and
it is not expected to be a problem on a
global scale.3

* American Association for the Advancement of
Science, Air Conservation (Washington, D.C., American
Association for the Advancement of Science, 1965).

t Robinson and Robbins.



c) Nitrogen Oxides

Even if natural reactions did not remove
nitrogen oxides from the air, the potential for
global buildup of this pollutant would appear
to be insignificant. Man's contribution to the
global atmospheric loading of nitrogen com­
pounds is minor as compared with that by
nature, and all are washed from the air as
nitrates. Control is needed only to keep nitro­
gen oxides below health-damaging and visi­
bility-diminishing levels in urban atmo­
spheres.

d) Particulates

Indications are that additions of particu­
lates to the atmosphere at the present rate
do not threaten to overload nature's cleans­
ing mechanisms on a global scale.

e) Carbon Dioxide

Carbon dioxide from the combustion of
fossil fuels is not normally considered an air
pollutant and therefore has not been dis­
cussed as such in this report. The hypothesis
has been advanced that increases in global
levels of carbon dioxide, by increasing the
greenhouse effect, could cause increases in
the earth's temperature. However, responsi­
ble investigators believe it will be the turn of
the century before trends in the earth's tem­
perature can be established. It should be
noted that others hypothesize that the shield­
ing effect of today's levels of particulates will
cause a cooling trend in the earth's atmo­
sphere.

2. Water Pollution

There has also developed a growing in­
terest that local pollution incidents may
affect the ecological balances of the marine
environment. Investigations of this possibility
are proceeding and the global problem of oil
on public waters is a matter of immediate
concern to the U.S. petroleum industry.

A recent comprehensive review 4 indi­
cates that, with very few exceptions, ade­
quate observation of the environmental con­
ditions prior to an oil-spill incident is lack­
ing, so that an accurate assessment of the
impact of a spill is extremely difficult. Even
so, on the basis of those situations for which
data are available, recovery was generally
rapid and complete where damage occurred.

The effects of an oil spill on the environ­
ment appear to be most significant with re­
gard to seabirds and their habitats. Also
affected at times are shellfish beds, inshore
spawning areas and high-use coastal prop-

erty. However, in most instances, the ecologi­
cal effects appear to be temporary. Damage
to the environment from oil-spill control or
cleanup operations appears to be limited to
marine life in the intertidal zone and to be
linked primarily to the possible detrimental
effects of improper use of chemicals.

Mature finfish generally appear to be
unaffected by either the presence of spilled
oil or the dispersed mixture of oil and chemi­
cal treatment materials. Similarly, spilled oil
is generally considered to result in minimal
harm to marine mammals.

The effects of oil spillage on the marine
food chain or food web (which consists of
plants, bacteria and small marine orga­
nisms) are not well understood because of the
wide fluctuations and cycles that occur natu­
rally and are totally independent of the
effects of oil. In general, oil spillage and
cleanup methods do not appear to have last­
ing effects on the food elements of the ma­
rine environment. The petroleum industry,
government agencies and others 5 have
been and are continuing to conduct studies
in this area, as well as taking actions to im­
prove methods of oil-spill prevention and
control. Some research has been conducted
by several distinguished scientists, including
those at eminent oceanographic institutions.

SECTION 2.
BALANCING BASIC NEEDS

Having achieved impressive economic
gains in recent decades, the United States
along with other nations is reexamining the
priority of values. Greater emphasis is being
placed on the conservation of the natural en­
vironment in which we live. At the same time
we must continue to grow economically in
order to achieve all of our nation's needs,
including the adequacy of the environment.

Therefore, in the current process of har­
monizing values, all must recognize the inter­
relationships between the basic need for
conservation of our environment and the re­
qui rement for energy and the inevitable cost
to be paid. The cause-effect relationship in
national energy and environmental conserva­
tion matters must be anticipated by govern­
ment policy-makers. Government should
carefully take into account cost-benefit fac­
tors and their impact on the economy.

A. The Need for Energy
The tremendous economic expansion

that has taken place in the United States
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during the last quarter-century has depended
on energy supplied increasingly by petrole­
um. Today, of the total U.S. energy require­
ment which is satisfied by fossil fuels, nu­
clear power, water power or other direct
sources, about three-fourths is met by oil and
gas.

1. United States Energy Requi rements
U.S. energy requirements are projected

to continue to increase, responding to the
needs of a complex, industrial-based society
and a steadily expanding population.

In the more distant future-1980 to the
year 200Q-forecasters tend to differ more
widely in their estimates of both population

. and economic growth. Since U.S. energy re­
quirements are closely correlated with both
population and economic trends, as well as
with society's changing characteristics, the
range of energy demand forecasts for the
closing years of this century similarly tends
to widen. Energy demand growth usually is
underestimated, and, even in the earlier
years, each succeeding forecast, public and
private, tends to be higher than its prede­
cessor. Present (1970) estimates by oil com­
panies and others reflect the continuation of
this phenomenon, as evidenced by Table 2,
although each forecast is analyzed carefully
by its maker in the light of existing conditions
and expected change before release.

TABLE 2: Selected Energy Demand Projections
to 1980

(In Quadrillion BTu's)

Date of
Preparation of

Estimate

Source 1966-69 1970

Oil and Gas Journal (1969) 101.7
Arthur D. Little (1969) 99.3
Stanford Research Institute

(1969) h__n__n____ 100.0
Bureau of Mines (1968)"

Medium h 88.1
Range 73.9-104.7

Chase Manhattan Bank
(1968) _mh m_________ 97.6 108.5

Department of the
Interior (1966) 88.1

Shell Oil Company (1969)_m 103.0
Texas Eastern (1968) m__ 97.8
Marathon Oil Company

(1968) _m h________________ 92.2 101.7
Humble Oil Company 105.7
Standard Oil Company (Ind.) 107.6
Gulf Oil Corporation __ 100.0
Mobil Oil Corporation 98.9
Continental Oil Company _h 102.4

Average h m__ 96.4 103.6

" Source: Warren E. Morrison and Charles L.
Readling, An Energy Model for the United States,
Featuring Energy Balances for the Years 1947 to
1965 and Projections and Forecasts to the Years
1980 and 2000, U.S. Department of the Interior
IC 8384 (July 1968).

32

Currently, most forecasters expect U.S.
energy demand to total at least 100 quadril­
lion BTu's· in 1980 following an average an­
nual growth of at least 4 percent above the
69 quadrillion BTu's recorded in 1970.6

The U.S. industrial sectort comprised
the largest market for primary energy resour­
ces in 1970, followed by (in descending or­
der) electric utilities, transportation, residen­
tial/commercial and non-fuel raw materials.
By 1980 each is projected to consume more
energy. Electric utilities are projected to ex­
hibit the most rapid growth and become the
largest market. In addition, marked future
gains are anticipated for petrochemical feed­
stocks and other non-fuel uses of petroleum,
which are included within the broad category
of "energy requirements."

Interfuel competition for the foreseeable
future is expected to be profoundly influ­
enced by the degree to which society em­
phasizes environmental quality. No real inter­
fuel competition exists in today's transporta­
tion market, and a major displacement of pe­
troleum seems unlikely for at least the period
to 1980. However, interfuel competition is
highly intense in residential, commercial and
industrial markets, with oil and gas encoun­
tering strong competition from electricity.
Electric utilities themselves represent a highly
competitive arena, with the fossil fuels com­
peting with each other and increasingly with
nuclear fuels.

Looking in general terms toward the
year 2000, many experts expect one or more
advanced energy conversion systems to ac­
quire dominance where energy is needed for
a fixed (i.e., immobile) installation. However,
the purpose of this report is to provide a
perspective as to the relationship of growing
energy demand and supply to environmental
conservation, rather than to examine the
energy outlook for the balance of this
century.7

a) Demand for Ojl

The 1968 Bureau of Mines "medium"
projection of liquid hydrocarbons demand in
1980 was 18.2 million barrels daily, and their
highest estimate was 21.6 million barrels dai-

"1 quadrillion (10'5) British thermal units equals
about 470,000 barrels daily crude-oil equivalent.

t For purposes of analysis, markets for energy
resources are usually divided into:

Industrial (e.g., manufacturing, industrial processes,
etc.)

Transportation
Electric Utilities
Residential/Commercial
Raw Material and Other (essentially non-energy use

of energy resource)



Iy. Currently, oil industry observers would
agree that even the "high" projection ap­
pears low, after an expected average growth
rate of about 4.0 percent annually over the
14.7 million barrels daily recorded in 1970.8

The major transportation fuels (primarily
gasoline, jet fuel and diesel) w'ill exhibit rap­
id growth through the 1970's. Demand for
light and heavy fuel oils is now expected to
show renewed competitive vigor through the
1970's due to rising supply costs for coal and
natural gas, limited availability of natural
gas, and severe sulfur restrictions-factors
of particular importance to the large utility
and industrial customer. In this period, low­
sulfur fuel oils are expected to gain a signifi­
cant portion of the electric utility market from
coal, while non-breeder nuclear fission may
not attain formerly expected prominence dur­
ing this time.

b) Demand for Natural Gas

Projected natural gas requirements now
indicate the potential for greater expansion
than previously estimated. In a 1969 report
by the Future Requirements AgencY,9 natu­
ral gas demand was forecasted to increase
from 21.5 trillion cubic feet in 1968 to 46.7
trillion cubic feet in 1990, a 3.6 percent com­
pounded annual growth over that period.
However, the FRA projection assumes an ad­
equate supply of gas and continuation of
present interfuel relationships. More likely,
potential demand growth will be curtailed to
some extent by a lack of gas, depending
largely on the economics of gas supply.

2.' United States Energy Supplies
The long-term stability of petroleum sup­

plies to meet the nation's diverse needs ap­
pears to be a policy objective of the Federal
Government. To achieve this desirable goal it
then becomes imperative that the Govern­
ment adopt wise, firm, predictable, long­
range policies for environmental quality thct
are consistent with this objective.

The United States produces about 90
percent of its overall energy requirements,
importing the balance in the form of oil, natu­
ral gas and LNG. Rapid depletion of proved
domestic reserves of oil and gas-unless
countered by policies that provide a favor­
able climate in which the industry can in­
crease domestic exploration and production
-will lead to increasing dependence on im­
ports. In this regard, it should be noted that
the number of exploratory wells drilled in
1970 was the lowest in 22 years. A myriad of

political, social, technological and economic
factors will interact in shaping the future en­
ergy supply environment, with security of
supply increasingly becoming a paramount
issue.

In recent years, new reserves of oil and
gas have not been added to the U.S. energy
inventory in volumes sufficient to offset pro­
duction (see Table 3).

Both newly discovered Alaskan oil and
gas reserves and the reserve potential
offshore of our nation are apparently large.
Furthermore, a recent report of the National
Petroleum Council indicates a major un­
tapped potential within the contiguous states
of the United States.10 However, it has be­
come evident that considerably more exten­
sive exploration and development will be re­
quired to assure a reasonable degree of do­
mestic self-sufficiency, and that a continuing
large financial commitment must be made.
Further, normal operations to explore for re­
serves of oil and gas do not contribute a
pollution hazard and, although a threat of
pollution from spilled petroleum does exist in
development and production operations, the
probability of such pollution is extremely
small and has been continually reduced
through improved technology (see Industry
Operations, Chapters Three through Seven of
this report).

Regulation of gas prices at the well has
tended to discourage expl'oration for natural
gas supplies. Higher natural gas prices
would undOUbtedly help the reserve picture
for this rei atively poll ution-free energy
resource.

For the future, oil shale and coal appear
to provide an enormous domestic resource
for energy and both should become major
elements in the future supply picture for liq­
uid and gaseous hydrocarbons. However, be­
cause of their economics, they will probably
not provide an appreciable source of these
hydrocarbons before 1980.

B. The Benefits and Costs of Degrees 01
Environmental Quality

1. Benefits
The various forms ot POllution constitute

more or less serious hazards to the physical
health of man, animals and plants. Similarly,
often inseparable from health hazards, physi­
cal and mental irritants can downgrade the
general well-being of living organisms. Final­
ly, there are a variety of direct and indirect
economic benefits that would result from re­
duction of pollution.
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.Broadly, then, some short- and long-run
benefits from control of environmental pollu­
tion could be classified as follows:

• Improvements in Physical Health (I)

a) Reduced incidence of human dis­
ease.

1) Major-emphysema, typhoid.
2) Minor-common cold, dysentery.

b) Fewer diseases in animals/plants
destined for human consumption.

c) Reduced effects on non-food ani­
mals/plants.

• Improvements in the Quality of Life (II)

a) Reduction in physical irritants­
unpleasant odors, particulate matter,
high noise levels.

b) Reduction in mental irritants­
discolored foliage and art works, un­
sightly dumps.

c) Improved recreational facilities­
beaches, parks.

d) Improved aesthetic qualities­
tree-lined streets, clear skies.

• Economic

a) Benefits from I and II above­
absenteeism, productivity, agriculture,
recreation.
b) Reduced corrosion.
c) Waste recycling-human waste, gar­
bage, industrial.

Some of the above could be broadly
quantified, but most-being intangible-can
not. Moreover, the degree of air, water or
land "purity" required to achieve various
benefit "levels" must be balanced against
the impact of their attainment on the other
requirements of society.

Improvements will not be achieved
qUickly nor uniformly around the nation. A
series of economic trade-offs must be made
at local, state and national levels among
these basic questions: How clean? How
soon? What benefit? What cost? Who pays
what share of the costs?

TABLE 3: U.S. Proved Reserves of Oil and Gas·

A. Crude Oil (In Billions of Barrels)

Average Annual
Additions Production

Reserves
at

12/31

1950 .__ .. m'mn'_._'.' 'mm_'_m'm 25.3

1960 _'__m_'m'_.'mm'm_.__'__________ 31.6

1965 _ m.m_' ' m' '_m_un nn 31.4

1970:j: m'm... 'mm. m h_m_.____ 39.0

3.0

2.5

4.6

2.4

2.6

3.1

B. Natural Gas Liquids (In Billions of Barrels)
1950 _.m_n'_m '_. 'm n_m__n n 4.3

1960 _,_ h_m m_m nhm__' __ m ' m__ 6.8

1965 __ m ' n __m hmn_'m______ 8.0

1970 nmm 'm______ 7.7

C. Natural Gas (In Trillion Cubic Feet)
1950 __'mn ._mm_h__m_n ' m___ 184.6

1960 _h_.mnn m __ n '_'hnm m 262.3

1965 h n_'mm_.h__, '.m_hmh__h h 286.5

1970:j: _'h ,_nu , __ ,_.__m.m. 00'_' Un hUm 290.7

0.6

0.7

0.6

18.0

19.3

20.3

0.3

0.5

0.7

10.4

14.6

19.6

..

* Sources: (a) Reserves of Crude Oil, Natural Gas Liquids, and Natural Gas in the U.S. and Canada and
U.S. Productive Capacity as of December 31, 1969, Vol. XXIV (May 1970), published jointly by the American
Petroleum Institute, American Gas Association and Canadian Petroleum Association; (b) American Petro­
leum Institute and American Gas Association, News Releases (March 31, 1971).

t The "Reserves-to-Production Ratio," Le., year-end reserves divided by that year's production.
:j: 1970 year-end figures show an increase because they include reserves in the Prudhoe Bay Permo­

Triassic reservoir on the North Slope of Alaska. These resources were discovered in 1968 but reported by
the API and AGA for the first time on March 31, 1971, as proved reserves of 9.6 billion barrels of crude oil
and 26.0 trillion cubic feet of natural gas, as of December 31, 1970.
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For example, if there is strong reason for
confidence that imminent technological ad­
vances will help to achieve pollution control
objectives at lower cost, then such technolo­
gy should be awaited, provided this is in the
general pUblic interest.

2. Costs
There are three basic costs involved in

environmental conservation: (1) the cost of
reducing or eliminating pollution before dam­
age is done, (2) the cost of restoring environ­
mental quality where damage has occurred
and (3) the societal cost associated with
damage caused by pollution. Abatement or
restoration costs must be balanced against
societal costs of damages from pollution so
that a proper relationship between costs and
benefits will be achieved.

The costs of restoring or preserving the
quality of the environment in which we live,
whether incurred by industry or government,
are costs of society in the final analysis and
necessarily will be assumed by society in the
form of higher taxes, inconvenience, higher
prices for goods and services, or a combi­
nation of these.

a) Responsibility for Costs

The determination of environmental
quality standards should,. among other
things, take into account the cost-benefit fac­
tor to society and the impact of that factor
upon our economy. For example, severe, im­
practical or unnecessary costly regulation of
exploration, production and transportation
operations of the petroleum industry reduces
the incentives for proving and developing
needed reserves of oil and gas and also in­
creases the cost of petroleum products. The
effectiveness of environmental controls can
be continuously improved by the develop­
ment of reasonable standards together with
time schedules in which to implement them,
established by government with the advice of
industry.

Assigning responsibility for pollution
damage or control costs is, of course, often a
formidable task. In situations where the oil
and gas industries have assumed sole or
joint responsibility, costs can be related to
mobile and stationary sources (automobiles,
electric utilities) and to various operations
(production, refining, transportation). Costs
could be further classified as to where they·
are incurred in the stream from raw materials
to point of final consumption.

• Cleanup/Repair Costs of Pollution Dam­
age

a) Tangible
b) Intangible

• Costs of Pollution Control

a) Mobile Sources
1) Responsibility of consumer
2) Responsibility of vehicle manu­

facturer
3) Responsibility of fuel producer

b) Stationary Sources
1) Responsibility of fuel user
2) Responsibility of fuel producer

c) Oil and Gas Operations
1) Drilling and production
2) Refining
3) Storage and transportation
4) Marketing

b) Magnitude of Costs
The total past and future costs of reduc­

ing or eliminating various types of air, water
and land pollution are also unknown. Howev­
er, major efforts have been undertaken by
industry and government to evaluate re­
quired control costs at differing standards or
levels.

The Department of Health, Education
and Welfare (HEW), for example, identified
three basic costs associated with air pollU­
tion control: (1) the cost to consumers of re­
ducing two types of polluting emissions from
automobiles, (2) the cost to various industries
of reducing sulfur oxides and particulate
emissions from stationary sources, and (3)
the cost to governments of eliminating sta­
tionary source emissions, plus research and
development expenditures by the National
Air Pollution Control Administration.ll These
three alone will require a total estimated an­
nual expenditure of $1.7 to $1.9 billion by
1974, depending on the degree of air pollu­
tant reduction required. They do not include

. such related costs as the automobile industry
expenditure to develop and produce emis­
sions control devices, or oil company costs
directed towards making fuels of lower sulfur
or lead content available.

Such cost figures can be misleading as
they fail to account for offsetting revenue
which may result or for alternative possibili­
ties. For example, elimination of sulfur oxides
would bring some offsetting revenue from the
sale of sulfur. An example of a major trade­
off or compromise would be accepting lower
performance in automobiles in return for a
combination of engine design and fuel com­
position that would eliminate or greatly re­
duce polluting emissions.

No satisfactory answer exists as to total
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tangible costs of pollution damage borne by
the oil, gas or other industries, or by proper­
ty owners. Obviously, the intangible costs,
such as long-run health damage and physi­
cal irritants, are even less amenable to com­
pilation.

Published tangible costs of major oil
spills are illustrative. For example: The Santa
Barbara oil leak CGst the companies involved
about $5 million in cleanup expense; the Tor­
rey Canyon accident cost several insurance
companies about $7.3 million in claims by
countries and individuals. No one knows,
however, the derived costs even from these
incidents (such as higher insurance premi­
ums, etc.).

c) Petroleum Industry Conservation
Actions

The U.S. oil and gas industries, recog­
nizing that their involvement in conservation
includes not only functional operations but
also the various aspects of consumer use of
petroleum products, have directed many mil­
lions of dollars toward control facilities and
basic product research. A recent American
Petroleum Institute (API) survey indicates
that the petroleum industry's expenditures
for air and water conservation have in­
creased 106 percent since 1966 (see Figure 1).

In addition, it should be noted that the
expenditure data cover only what the oil
companies spent within the United States.
Heavy investments, for example, made in the
Caribbean and elsewhere to provide low­
sulfur fuel oils-most of which are consumed
in the Northeastern states-are not included.

The petroleum industry also recognizes
that with about 4,000 tankers and 30,000 oth­
er large ships plying the world's oceans,
some accidents will happen. The industry
has therefore taken steps to be sure that
means are available to handle the costs of
cleanup of oil spills and the costs to persons
sustaining pollution damage. For example,
voluntary plans have been instituted for han­
dling the costs of cleaning up oil discharges
from tankers operating in any part of the
world's oceans.

One such plan, known as TOVALOP
(Tanker Owner Voluntary Agreement Con­
cerning Liability for Oil Pollution), was put
into effect in 1969 by seven international oil
companies and is available to all tanker·own­
ers who wish to become participants. To
date, most of the Free World's tanker ton­
nage, exclusive of government-owned ves­
sels, is now covered by TOVALOP. TOVALOP
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provides for reimbursement by participating
ship owners to national governments at the
rate of $100 per gross ton of tanker capacity
up to $10 million, for expenses reasonably
incurred by them to prevent or clean up pol­
lution of coastlines as a result of the negli­
gent discharge of oil from a participating
tanker.

Effective April 1, 1971, a new plan pro­
vides extended coverage up to $30 million
per incident in protection. Administered un­
der the new Oil Companies Institute for Ma­
rine Pollution Compensation Limited, it incor­
porates 38 major oil companies shipping
over 80 percent of the crude and fuel oil
shipped throughout the Free World.

d) Meeting Environmental Costs

The inevitable costs associated with en­
vironmental conservation and pollution con­
trol must be borne by society. An approach is

Figure 1 *
Air and Water Conservation

Expenditures, 1966-1970. (Millions of Dollars)

5-Year Totals
Air 982.0
Water 1,054.1

• Source: "Report on Air and Water Conservation Ex­
Penditures of the Petroleum Industry of the United
States, 1966-1970," API Publication No. 4075 (February
1971).

needed which will achieve environmental ob­
jectives at the lowest net cost to society and
in a fashion which will maximize current ben­
efits so that the costs incurred may be met
on as current a basis as practicable.

Costs of environmental conservation and
pollution control could be met by utilization
of one or a combination of methods, such as
classifying environmental expenses as a nor­
mal cost of doing business, tax incentives,
and/or government subsidies.- Meeting envi­
ronmental quality standards through market
competition will provide the optimum quality
for money expended.



Many economists and conservationists
feel that there is little direct incentive in our
competitive system for a manufacturer to in­
vest substantial sums of money in pollution
abatement facilities and equipment. The
claim is that, absent some compulsion or
economic encouragement, unilateral expen­
ditures would seriously impair the manufac­
turer's ability to compete.

A number of proposals to create
economic incentives have been advanced
and debated. The incentives usually take the
form of tax deductions or exemptions.

The federal investment tax credit, while
it was in effect, was an example of the tax­
incentive form of encouragement to stimulate
economic activity by spending capital
funds.12 Such a tax incentive could be used
to attain other objectives, such as investment
in pollution abatement facilities, if there is a
well-defined and practicable program at all
government levels.

e) Economic Penalties

A number of proposals to create
economic deterrents to pollution have also
been advanced and debated. These deter­
rents are expressed in terms of charges or
levies against polluters based on the quanti­
ties of potential pollutants in materials suc'h
as fuels, which are utilized in a combustion or
other process.

Dr. Gardner Ackley, when chairman of
the President's Council of Economic Ad­
visers, challenged the use of economic incen­
tives. He proposed penal'ties related to the
amount of each firm's contribution to pollu­
tion, i.e., a tax or a charge levied on com­
panies according to the wastes or pollutants
they discharge.

Dr. Ackley's deterrent proposal came
again under consideration as a result of a
General Accounting Office (GAO) report
strongly criticizing the Federal Water Pollu­
tion Control Administration for its program of
waste-treatment plant construction grants to
municipalities. Because of this report a bill
(5.3181) was introduced in the 91st Congress
providing for a system of effluent charges
against industrial polluters based on the
quantities discharged and their relative
strength and toxicity. The GAO report and
5.3181 illustrate the extremes in the swing of
the abatement pendulum.

In any event, to use government prac­
tices in its grant program to municipalities as
justification for financial reprisals against in-

dustry in the form of an effluent tax is a non
sequitur of serious proportions. A major ar­
gument against a tax system of this sort, al­
ready pointed out in the Senate, is that such
fees or charges are a potential license to
pollute rather than an incentive to find alter­
native methods of waste discharge.13 Prac­
tical arguments involve the cost of adminis­
tration. Arbitrary formulas would have to be
devised for determining the amount of each
discharger's tax and a massive administra­
tive effort would have to be mounted to en­
force collection and to police the entire
waterway involved.

A similar assignment with respect to air­
space would seem almost superhuman. For
example, in cities like New York or Chicago,
any corps of inspectors, no matter how large,
would find it impracticable to allocate,
among the thousands of pollutant sources,
each one's pro rata share of the total. Obvi­
ously, arbitrary assessments would have to
be made with provisions for hearings and
appeals, leading to administrative problems
and acrimonious disputes. .

As a general matter, genuine societal
problems affecting the pUblic welfare should
be approached directly by the public and its
government and not through indirect avenues
such as governmentally-imposed economic
penalties. As a practical -matter, such
economic penalties provide the option of
meeting the imposed penalty and thus con­
tinuing the undesirable conduct without
abating pollution. This approach also suffers
from the virtual impossibility of selecting an
eqUitable method of assessing charges for
the vast number of potential pollutants.

This objection would be applicable· to
the imposition of charges on fuels as a
means of controlling emissions into the atmo­
sphere. In fact, this type of charge on fuel
composition suffers from the further compli­
cation of selecting for assessment a particu­
lar aspect of the technical interrelationship
between fuels on the one hand and, on the
other, the vehicles or stationary plant for
which they are designed. Such a charge
would unnecessarily inject the government
into the free-market competitive process,
thus limiting the initiative of individual manu­
facturers to develop more effective means of
emissions control. Proposals to apply charges
to the sulfur content of heating fuels or to
lead additives to gasoline might well, in prac­
tice, contribute nothing to environmental con­
servation and could even forestall progress
now under way.
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SECTION 3.
COOPERATION FOR EFFECTIVENESS

To attain environmental conservation on
the most effective and economical basis, co­
operation among government, industry and
private citizen groups, as is sanctioned by
applicable law, must be continued and ex­
panded.

A. General Measures
Cooperation may take many forms, but

one of the most fundamentally useful is the
basic one of continual and open dialogue
between industry and government so that
government may have the facts at hand of
the effects of possible decisions before their
implementation. This knowledge is of vital
importance in assessing the practical limits
of technology and economics. Also, it is es­
sential that, after environmental. standards
are determined and the time period fixed for
compliance, industry be able to rely on the
resulting schedule and not be sUbjected to
continual and exceedingly costly schedule
revisions.

There is also a basic need for cooper­
ation in developing a common understanding
of the realities of environmental quality and
ways of safeguarding it. People should,
through all means of communications, includ­
ing public education programs, be made
aware of all of the causes of pollution and
the measures which the individual can take
to reduce and control pollution. The oil and
gas industries are expanding appropriate ed­
ucation programs in order to contribute to a
wider understanding of these environmental
conservation matters.

Many forms of cooperation exist to ob­
tain the maximum use from available man­
power and facilities, thus reducing societal
costs of maintaining environmental quality.
Industry and municipalities should and do
share, equitably, both the use and cost of
their respective waste treatment facilities.
The petroleum industry actively supports in­
creased attention to harbor cooperatives, to
cleanup of oil spills, and to broader arrange­
ments with concerned local and federal
groups for such purposes as providing waste
disposal facilities and minimizing the effects
of oil spills in coastal and inland waterways.

B. Research
Individual petroleum companies carryon

intensive research programs to improve pro­
ducts and operations. The research effort
alone of the petroleum companies relating to
environmental conservation in 1970 is esti-
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mated to have been about $36 million, an
increase of 32 percent over the 1969 expen­
ditures.

In addition, cooperative research into
problems associated with air and water con­
servation has been conducted 'or financed­
or both-by the petroleum industry over the
years, both in cooperation with government
and wholly within the industry. Cooperative
efforts toward water pollution abatement
from refinery operations were initiated
through the American Petroleum Institute in
1929 and pioneering air pollution research in
1953. This current broad research effort rep­
resents an expenditure of about $3.5 million
a year in direct support of outside research
efforts in addition to individual company ex­
penditures and involves projects in both air
and water conservation.

Current research efforts in which the pe­
troleum industry plays a significant part in­
volve a wide range of subjects. Multi­
company research programs are proceeding
with the aim of developing an internal­
combustion engine and fuel combination that
will emit virtually no harmful pollutants.
These research efforts have provided new
basic knowledge of pertinent chemistry and
contributed to the development of effective
emissions control systems.

Related research of somewhat broader
scope is being conducted by the Coordi­
nating Research Council (CRC), a joint in­
dustry-government group supported by the
Automobile Manufacturers Association, the
American Petroleum Institute, and the Envi­
ronmental Protection Agency (EPA). Its proj­
ects range from such engineering aspects of
vehicle air pollution as driver habits and
traffic patterns to studies of atmospheric
chemistry and the medical aspects of air
pollution.

In addition to sponsoring research
related to vehicular fuels, the American Pe­
troleum Institute has also sponsored exten~

sive industry research since 1966 into the
engineering, scientific and environmental
health aspects of the sulfur content of heavy
fuels used by industry.

In the field of water pollution control, the
American Petroleum Institute and the EPA
have been working as a government-industry
team on research studies in biological treat­
ment processes for municipal and industrial
wastes. The petroleum industry has also
moved, through the API, to investigate the
problems of oil spills at sea and to develop
effective means of control.



Individual companies of the petroleum
industry have recognized the need for more
precise understanding of the nature of pollu­
tion and means to control it. As a result, both
separately and cooperatively, they have de­
veloped and pUblished substantial amounts
of related technical information. This in­
formation has been used by them in the
training of their .own per~onnel, by other in­
dustries, by government bodies and by the
general pUblic.

Much indeed has been accomplished by

research efforts. Yet most of the information
and understanding needed to set ultimate
objectives, criteria and standards necessary
to solve all of our pollution problems is not
available. Consequently, the cooperative
resources of society can well be turned to
substantial and continuous support of broad
programs of basic research to evaluate more
conclusively the effects of contaminants on
human health and on the general ecology
over the short and long terms.
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Chapter Two:

Law and
Regulatory Policy

The legal aspects of pollution control
cover a broad spectrum, ranging from local
ordinances and regulations at one end to in­
ternational treaties and conventions at the
other. Individually and collectively they act to
control the manner in which the elements of
society carry their responsibilities for main­
taining acceptable environmental quality and
providing other fundamental needs.

The role of government should be to as­
certain the effects of pollutants, prescribe
workable standards of air, water and land
quality to be maintained, and, in general, to
leave to private initiative the means whereby
the standards will be achieved. Best results
can often be achieved where industry is
asked to participate, in an advisory capacity,
beginning at an early stage in the develop­
ment of policy, laws and regulations. Such
participation can assist to ensure that the
time reqUired to implement legislation and its
economic feasibility receive adequate con­
sideration in the formative stages.

SECTION 1.
FEDERAL LAWS AND
REGULATORY POLICY

A. Definitions

The federal water and air laws contain
no definition of pollution. This omission was
probably intentional because of the basic
federal philosophy of leaving to the states
the primary responsibility of preventing and
controlling pollution, including the perimeters
of the concept of pollution itself. There is,
however, a federally recommended definition
of water pollution which appears in the Fed­
eral Water Pollution Control Administration's
Suggested State Water Pollution Control
Act 14 and this Act has been adopted in
whole or in part by a majority of the states.
The Council of State Governments in its Sug­
gested State Air POllution Control Act defines
air pollution.15

The words "health" and "welfare" ap­
pear in both of these suggested state laws
and also in those portions of the federal
water and air enactments authorizing abate­
ment proceedings with respect to pollution
"which endangers the health or welfare of
any persons." 16 Although neither of these
words is defined in any of these acts, the
Federal Government takes the position that
the endangerment of health or welfare does
not require evidence of the existence of actu­
al harm or injury. "The true inquiry," it is
said, "in the light of the policy of the statute,
is whether there is a reasonable apprehen­
sion of such danger. If this exists, the re­
qUirement is met." 17

B. Water Pollution

Until 1948 the role of the Federal Gov­
ernment with respect to the quality of the
nation's water resources was very limited.
Problems in that area were left largely to the
individual states. However, there were some
areas of overriding national importance
which led the Federal Government to estab­
lish legislation concerning pollution of nav­
igable waters as far back as 1890 when_ the
forerunner 18 of the River and Harbor Act of
1899 19 was enacted.

Although the River and Harbor Act was
aimed at impediments to navigation, its con­
fusing arrangement has produced results
having no relationship to navigation. Thus,
refuse dumping is unlawful regardless of its
effect on navigation, and refuse has been
held to include materials not commonly
thought of as waste, such as aviation gaso­
line accidentally discharged into a navigable
river. Violation of the antidumping provisions
of the River and Harbor Act is a criminal
offense, and freedom from fault or negli­
gence and absence of knowledge or scienter
appears to be no defense.2o

In 1948 a more comprehensive federal
approach to the problems of water quality
was initiated, leading to the Federal Water
Pollution Control Act 21 which, with its sub­
sequent amendments,22 is the basic federal
framework for water pollution control today.

In putting together the federal legislative
package, three fundamental questions were
faced. A basic one was whether water quality
standards should be adopted by the Federal
Government or the states. Ultimately this is­
sue was resolved by giving the states the
initial opportunity to establish water quality
standards with authority to the Federal Gov­
ernment to act only if the states failed to do
so. A second fundamental question con-
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cerned the type of standards to be estab­
lished. Should they relate to the quality of the
receiving water or to the quality of the
effluent discharged, or both? As finally enact­
ed in 1965, the Act omitted any reference to
effluent standards and provided only that
water quality standards adopted by each
state were to be "applicable to interstate
waters or portions thereof within such State."
A third fundamental question concerned the
adoption of uniform national standards as
opposed to flexible standards geared to lo­
cal conditions. This issue was related to the
one of federal versus state standards, and
the decision to leave the establishment of
standards to the states in the first instance
dictated the elimination from the Act of any
reference to uniform national controls. Ad­
ministration of the Act is now the responsibil­
ity of the Environmental Protection Agency
(EPA).

Controversies arose over requirements
of an earlier administrative agency for secon­
dary treatment or its equivalent for all water
discharges and the announcement of a so­
called "nondegradation standard" requiring
that waters whose existing quality is better
than that called for by established standards
must be maintained at that higher quality
level.

The secondary treatment controversy
raises the issue of whether controls can, un­
der the law, be placed on the quality of dis­
charges rather than on the quality of the re­
ceiving water. In testing this issue, Iowa did
not incorporate any secondary treatment re­
quirements in its standards for those portions
of the Mississippi and Missouri Rivers within
its jurisdiction, on the ground that such re­
quirements were not necessary in order to
maintain proper water quality standards for
those rivers.

The nondegradation standard raised
concerns not only that it was at variance with
the Act's authorization to the states to take
water use and value for various purposes,
including industrial, into consideration in
establishing standards,23 but also that, if
strictly applied, it would preclude the de­
velopment of remote, untouched areas. It re­
mains to be seen what course will be taken
by the new Environmental Protection Agency.

A stringent approach to oil spills was
taken by Congress when it enacted the Water
Quality Improvement Act of 1970,24 which
broadly prohibits the discharge of oil into or
upon (1) the navigable waters of the United
States (which end at the 3-mile limit), (2) the
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adjoining shorelines, or (3) the contiguous
zone (which extends for another 9 miles be­
yond the 3-mile limit). Sources covered by
these prohibitions are:

• vessels other than government vessels;

• onshore facilities, which would include
refineries, terminals, manufacturing
plants, motor vehicles and rolling stock;
and

• offshore facilities within the 3-mile limit,
which would include drilling rigs, drill­
ing platforms, storage facilities and
pipelines.2S

Any such deep-water facilities beyond
the 3-mile limit would not be covered by this
law.26 They were exempted because the
Secretary of the Interior had already covered
spills from offshore wells beyond the 3-mile
limit by regulations 27 issued under the Outer
Continental Shelf Lands Act.28

The Act directed the issuance of regula­
tions which would specify the quantities, oc­
casions, circumstances and conditions to be
utilized in characterizing an oil discharge as
harmful and therefore prohibited, and those
to be characterized as not harmful and there­
fore permissible. On September 11, 1970, the
Department of the Interior issued regUlations
which defined "harmful quantities" of oil as
discharges of oil which (1) violated applica­
ble water quality standards, or (2) created a
visible film or sheen upon, or discoloration
of, the water. However, industry has contend­
ed that under the "sheen" standard virtually
any discharge containing oil, no matter how
minute in quantity, can be construed as
harmful since disch&rges of water containing
de minimis quantities of oil can, under some
conditions, cause a sheen, although normally
they would not do so. Moreover, even though
the "sheen" standard does not seem to be
technologically feasible at this time, the regu­
lations became effective immediately.

The affirmative, positive cleanup thrust
of this law is directed to the President to
remove spills. Among the affirmative obliga­
tions placed on oil dischargers is a reqUire­
ment to reimburse the Federal Government
for the costs of cleanup unless the dischar­
ger can prove that the spill was caused un­
der specified eXCUlpatory circumstances. In
the absence of such circumstances, one who
discharges oil in violation of the statute will
be liable to the Government for the costs of
cleanup, SUbject to separate cost limitations
for vessels, offshore facilities and onshore
facilities, if the discharge is not willful.



In spite of this new statute, the old Riv­
er and Harbor Act of 1899 still remains in
effect,29 thus portending what may well be
serious and inequitable consequences for oil
operators because of the mutually inconsis­
tent provisions of these two laws.

On December 23, 1970, the President is­
sued Executive Order 11574 requiring the im­
plementation of a permit program under the
Act of 1899 "to regulate the discharge of
pollutants and other refuse matter into the
navigable waters of the United States or their
tributaries and the placing of such matter
upon their banks." 30 The. Secretary of the
Army (acting through the Corps of Engineers)
has subsequently issued implementing rules
and regulations.31

In addition to the statutory provisions on
oil spills, the Department of the Interior is­
sued specific regulations in 1969 covering
operations on the Outer Continental Shelf un­
der federal oil and gas leases.32 Although
the Secretary of the Interior stated that it was
his intention to impose unlimited and abso­
lute liability on companies holding Outer
Continental Shelf leases for cleaning up oil
spills regardless of fault or negligence,33
there is some question whether the language
of the regulation goes that far. Furthermore,
the Department has issued some orders
which indicate that discharges containing de
minimis quantities of oil are to be permitted.

Another question with respect to these
regulations is whether they are legally appli­
cable to existing leases, as claimed by the
Government.

C. Air Pollution
In 1955 Congress established a role for

the Federal Government in air pollution by
the passage of the Air Pollution Control
Act.34 The states' rights principle was recog­
nized by the provision that "the prevention
and control of air pollution at its source is the
primary responsibility of states and local
governments." 35

Successive acts leading to the Air Quali­
ty Act of 1967 provided, among other things,
for the development of air quality criteria by
the Federal Government (now the responsi­
bility of the EPA) to guide local control agen­
cies, for abatement proceedings, and for the
establishment of national standards for emis­
sions from new motor vehicles.36

The Air Quality Act of 1967, enacted in
November of that year, makes applicable to
air much of the philosophy and procedural
arrangements previously written into the
water program, including the issuance of cri-

teria by the Federal Government and authori­
ty to promulgate federal standards in cases
of inadequate state action.37 In addition, im­
mediate federal action for an injunction to
stop pollution is authorized when there is an
emergency endangering public health.38

One jurisdictional difference, however,
is the concept of control regions in the Air
Quality Act, some of which encompass areas
in more than one state. Another dissimilarity
is that the implementation plans to be formu­
lated by each state in support of its ambient
air standards should contain emissions con­
trols applicable to the sources or classes of
sources of various discharges.39

Because the ambient air must be fit to
breathe in all places of human habitation,
whereas the quality of water may be per­
mitted to vary depending on primary water
needs, it follows that the achievement of
these different objectives requires the estab­
lishment of both ambient air and emissions
standards on the one hand while utilizing
only receiving water standards on the other.
In addition, with potential air polluters literal­
ly scattered and moving everywhere and with
ambient air essentially having no fixed
boundaries, control by ambient air standards
alone without emissions controls would prob­
ably impose impossible administrative and
enforcement burdens.

However, air emissions controls should
be framed in terms of limitations on types
and amounts of discharges from particular
sources or classes of sources, as distin­
gUished from requirements specifying kinds
or types of emissions control equipment. To
do otherwise, by making mandatory specified
control techniques or equipment, would dis­
courage the development of new technologi~

cal improvements.

Title II of the 1967 Act also makes clear
that the basic philosophy of leaving stan­
dard-setting to the states would not be appli­
cable to new automobiles.40 In spite- of logi­
cal arguments for uniform national emissions
standards for new motor vehicles, however,
California was given an exemption permitting
it to enforce its own stricter standards. Also a
government agency (now EPA) is authorized
to require specified reports from fuel and
additive manufacturers so that the Govern­
ment can, by its own test, determine tlie
effect of the use of such additives on human
health.

The 1967 Act was the subject of major
revisions and modifications by the Clean Air
Amendments of 1970. The main thrust of the
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1970 law is to further increase the power and
authority of the Federal Government to cope
with air pollution, while at the same time
maintaining the basic premise of the earlier
underlying legislation that "each State shall
have the primary responsibility for assuring
air quality within the entire geographic area
comprising such State."

Under the 1970 law, the Environmental
Protection Agency is to issue criteria for ma­
jor pollutants from mobile and stationary
sources which have an adverse effect on
public health; to promulgate regulations
prescribing a national primary ambient air
quality standard to protect public health and
a national secondary standard to protect
pUblic welfare for each pollutant; and, if state
implementation is unacceptable, to promul­
gate an implementation plan.

The Administrator of the Agency is fur­
ther directed to publish a list of categories of
stationary sources and to establish federal
standards of performance for new stationary
sources. He is also to publish a list of haz­
ardous air pollutants (to which no ambient air
quality standard is applicable) and to
prescribe emissions standards for each such
pollutant.

The 1970 law also requires the Adminis­
trator to prescribe standards applicable to
the emission of any pollutant from any new
motor vehicle or engine which causes pollu­
tion or endangers health. The manufacturers
of motor vehicles have until January 1, 1975
(for 1975 model cars), to attain a 90-percent
reduction in emissions of carbon monoxide
and hydrocarbons allowed for 1970 models.
During and after the 1976 model year, emis­
sions of oxides of nitrogen from new vehicles
or engines must be reduced by 90 percent
from the average emissions actually mea­
sured during the 1971 model year. Automobile
makers can seek a one-year extension of
these deadlines. For carbon monoxide and
hydrocarbons, the earliest date manufacturers
may apply for such an extension is January
1, 1972, and for oxides of nitrogen, January
1, 1973.

As in the Air Quality Act of 1967, the
Administrator may designate any fuel (includ­
ing, but not limited to, motor fuels) or fuel
additive, and after such dates as he may
prescribe, it becomes unlawful to sell, offer
for sale or introduce into commerce such
fuel or additive unless the Administrator has
registered it. Under the 1967 Act, registration
was automatic when the Government was
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supplied requisite information concerning the
composition and purpose-in-use of fuel addi­
tives. Under the new law, however, the Ad­
ministrator may also require the fuel or addi­
tive manufacturer to (1) conduct tests with
the results not to be considered confidential,
(2) furnish the description of analytical tech­
nique, (3) specify the recommended range of
concentration and purpose-in-use of the ad­
ditive, and (4) provide such other information
as is reasonable and necessary to determine
the emissions resulting from the use of the
fuel or additive, its effect on the emissions
control performance of any vehicle or en­
gine, and the extent to which the emissions
affect the public health or welfare.

The Administrator may control or prohi­
bit manufacture or sale of any motor vehicle
fuel or fuel additive (1) if the emissions there­
from will endanger the public health or wel­
fare or (2) if their combustion products will
interfere with the performance of any emis­
sions control device in general use, or suffi­
ciently developed that it could be in general
use in a reasonable time if the fuel or addi­
tive were regulated. Prior to controlling or
prohibiting the manufacture or sale of any
fuel or additive, the Administrator is required
to "consider" all relevant medical and scien­
tific information available to him, as well as
other technologically or economically feasi­
ble lTleans of achieving emissions standards.
After the Administrator has taken any action
controlling or prohibiting the manufacture or
sale ·of any fuel or fuel additive, no state
other than- California may prescribe regula­
tions for such fuels or additives unless they
are identical to those prescribed by the Fed­
eral Government or unless they are approved
by the Administrator as being necessary to
ach.ieve national air quality standards.

Provision is made under the 1970 law for
federal aircraft emissions standards and for
the creation of an office of noise abatement.

The Federal Aviation Act of 1958 is
amended by adding a new provision for fed­
eral regulation of the composition or chemi­
calor physical properties of any aircraft fuel
or fuel additive to control or eliminate emis­
sions which the Administrator (of EPA) deter­
mines "endanger the public health or wel­
fare."

With certain procedural limitations, any
person may bring a suit against any person,
including the United States (where permitted
by the Constitution), who is allegedly in viola­
tion of an emissions standard or an order is­
sued by the Administrator or a state.



D. Land Pollution

The Solid Waste Disposal Act, enacted
in 1965, authorizes federal agencies to un­
dertake research and to make grants to state
and local agencies for solid waste disposal
programs.41

In this vein, the Secretary of the Interior
recently announced the start of a research
program on deep-well disposal of wastes. 42

This is a primary area of concern because of
the possibility of the effect of such waste
disposal on the underground environment,
particUlarly ground-water supplies. The pe­
troleum industry has been particularly proud
of its waste-water disposal program through
injection wells which return brine to the pro­
ducing formation.

This favorable experience of the oil in­
dustry should not lead to a general conclu­
sion that deep-well injection is a convenient
and safe method of disposing of industrial
liquid wastes. The Interior program may well
lead to legislative proposals for some form of
federal control over this method of disposal.
Today, where there is any control at all, it is
entirely in the hands of the states.

E. Interstate Compacts

Both the Federal Water Pollution Control
Act and the Air Quality Act authorize two or
more states to enter into compacts for coop­
erative pollution control programs.43 . How­
ever, few states have taken advantage of the
authorizations. The interjection of the Feder­
al Government on a broad scale in pollution
abatement probably removed some of the
impetus to solve these problems through in­
terstate agencies.

F. National Environmental Policy
The National Environmental Policy Act of

1969 established for the first time an overall
policy of the Federal Government with re­
spect to the environment and created a
Council on Environmental Quality in the Ex­
ecutive Office of the President. Title I of the
law sets forth a policy of federal action in
cooperation with state and local governments
and other concerned public and private orga­
nizations, and provides that it shall be the
responsibility of the Federal Government to
improve and coordinate its own actions with
respect to the envi ronment. Specific applica­
tions of these general principles are dis­
cussed throughout this report.

Where a cooperative approach to the
solution of an environmental problem would
serve the public interest, the Executive
Branch should clarify the extent of cooper-

ation that is consistent with the intent of
present antitrust laws and, if necessary, seek
enactment of such further legislation as
would be advisable to authorize the most
effective means of dealing with such prob­
lems.

Our antitrust laws playa strong role in
maintaining competition and diversity of
effort that is most likely to produce the
lowest cost solutions to meeting environmen­
tal standards. They properly prohibit conspir­
acy or collusive action by competitors in
matters affecting commerce and public
economic interests. However, to achieve the
goal of improving the environment, in a few
situations it may be that the best interests of
society would be served if competitors or
complementary industries were permitted to
exchange information on a voluntary basis or
jointly take actions regarding the modifica­
tion of products or procedures in the pUblic
interest. For example, where environmental
hazards exist, such cooperation may be the
most feasible method to shorten the time for
correction.

SECTION 2.
STATE AND LOCAL LAWS AND
REGULATORY POLICY

A. Water Pollution

1. Common Law
Common law has been applied in vari­

ous instances to the general subject of water
pollution, through the doctrines of riparian
rights,44 appropriative rights 45 and nuisance.46

But, all in all, the common law was not a
satisfactory vehicle for solving water pollu­
tion problems. The result was a turning to
legislatures for solutions.

2. Statutory Law
By 1930 most states had vested regula­

tion in one or more state agencies, usually in
the Department of Health. In the ensuing
years many programs suffered as the result
of lack of statutory authority to act, lack of
forceful administration, inappropriateness of
public health juriSdiction, and lack of central­
ized control. This last defect has been
lessened considerably, although problems of
overlapping jurisdictions and differing pow­
ers and policies of different agencies of a
single state government still exist.

As the powers of the boards or commis­
sions vary, so does their effectiveness. The
most effective boards will normally make po­
licy. They are severely hampered where their
jurisdiction is shared with other agencies or
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where they do not have direct access to rele­
vant information and expertise.

In some areas where industry represen­
tatives are local board or commission mem­
bers, questions of conflict of interest have
been raised. It should be noted, though, that
the interests of society can generally best be
served if the responsible boards or commis­
sions have the advantage of knowing the
technical and economic feasibility of their
policies at the earliest stages of policy de­
velopment.

Under state procedure, most states can
issue cease-and-desist orders, and failure to
comply can result in criminal penaltiesY
Actually, the states have been reluctant to
invoke these penalties, understandably so in
the light of the strictness of the burden of
proof under common-law criteria.

With respect to the specific problem of
oil pollution, several states (such as Florida,
Massachusetts and Maine) recently have en­
acted legislation which unnecessarily dupli­
cates or creates obligations inconsistent with
those obligations created under the Federal
Water Quality Improvement Act of 1970.

3. Effect of Federal Legislation

The Water Quality Act of 1965, as dis­
cussed in Section 2, has had a profound
effect on state regulation. If the states failed
to act, the Federal Government would set
standards.48

The states, following the passage of this
Act, began to formulate standards in compli­
ance with the Act. However, in attempting to
enforce their pollution laws against other
agencies of the state, such as municipalities,
state governments face difficult problems,
the primary one being the need for money.

B. Air Pollution

1. Common Law

Application of the doctrine of nuisance
is difficult in the field of air pollution because
air knows no boundaries.

In a specific case of air pollution, the
Supreme Court of the United States held in
1916 that municipal ordinances controlling
smoke were constitutional even if it meant
the closing of a business.49 The Court con­
sidered the problem at that time severe
enough to warrant such harsh relief. Howev­
er, in several recent cases, while the courts
have not had trouble in finding a legal basis
for closing down a business, they have been
reluctant to do so.
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2. Statutory Law

While smoke ordinances have been with
us for many years, the advent of ·comprehen­
sive control statutes and enabling acts on the
part of the states is of fairly recent origin.
The pattern of the state statutes is a familiar
one. The Council of State Governments pro­
mulgated a model state air pollution control
statute in 1966.50 This model has been
adopted in whole or in part in many states.

The statutes are for the most part very
broad in nature, leaving the passing of regu­
lations to the appropriate administrative
agency. Since the advent of these statutes
and development of the "state of the art" is
so new, most of these states are just now in
the process of developing regulations.

Typically the State Department of Health
is the administrative and enforcement agency
in charge of pollution abatement. There is
usually a board or commission which oper­
ates as a regulatory and policy board, but the
responsibility for enforcement remains with
the Department of Health.

At the local level, ordinances were en­
acted against smoke at an early date.51

More sophisticated ordinances have fol­
lowed.52 In the past three years, there has
been a proliferation of local ordinances.53

Two tendencies appear most prevalent: (1) a
trend toward regulation of fuel characteristics
and (2) more stringent enforcement tools,
such as direct court action bypassing an ad­
ministrative procedure. A major problem has
been the repeated failure to develop regula­
tions that can be effectively enforced.

C. Other Problems

Another area of state and local regula­
tion in the pollution field that has aroused
interest in recent years is the control of
ground water.54 Control of deep-well dis­
posal of oil-field brines has been exercised
for some years with appreciable success.
Other types of disposal have not met with
such definitive resolution.

Of overriding concern in all areas is the
coordination of efforts in the control of our
envi ronment. Different areas of the country
are subject to differing priorities. In one
area, the main problem may be water. In
another, the main problem may be air. The
common problem is, as always, money and
manpower. Several states have moved
toward the creation of agencies with authori­
ty for overall supervision or control of envi­
ronmental problems, and the National League
of Cities has recommended coordination.



SECTION 3.
INTERNATIONAL CONSIDERATION OF
ENVIRONMENTAL CONSERVATION

Increasingly the maintenance of a satis­
factory overall environment is being viewed
as a matter of concern to the international
community and to international organizations
of nations. International concern with specific
evironmental problems is not new. For ex­
ample, the Inter-Governmental Maritime Con­
sultative Organization, a specialized agency
of the United Nations, has long been an ave­
nue for international community consider­
ation of prevention of pollution of the high
seas as well as the territorial waters of na­
tions. Broadening interest is also evidenced
by the plans of the United Nations for a
Preparatory Conference on the Human Envi­
ronment in 1972. Similarly, such regional in­
ternational organizations as the North Atlantic
Treaty Organization (NATO), the Organization
of Economic Cooperation and Development
(OECD) and the Economic Commission for
Europe (ECE) are becoming increasingly in­
volved with environmental matters. A prom­
ising element is that these bodies welcome
cooperation of private organizations in their
work.

At the same time, however, some na­
tions which are greatly concerned with air
and water conservation have initiated uni­
lateral action which raises serious questions
of jurisdiction under international law. Some
nations have initiated programs to deal with
environmental problems on a domestic ba­
sis. There are also international conventions
dealing with pollution of the seas by oil and
with pollution of some of the great interna­
tional rivers. Yet it is fair to say that neither
nations nor international organizations have
truly begun to approach the conservation of
our earthly environment on a comprehensive
basis.

A. International Aspects of Environmental
Conservation

There are certain conservation problems
that are global in nature and to be feasibly
dealt with require concert among nations.
And the converse-unilateral action by many
nations to cope with global environmental
problems-can lead to myriad and difficult
questions of conflict of laws and conflicts of
jurisdiction. Other environmental problems
which may be essentially domestic in effect
will nevertheless demand a regional, if not
global, approach if they are to be effectively
resolved.

The threshold task of meeting the con­
cern for development of proper international
law in the field of environmental conservation
would be to determine the problems of envi­
ronmental conservation which lend them­
selves appropriately to an international solu­
tion. Illustratively, the following types of prob­
lems appear appropriate for international
consideration.

Nations have an interest in promoting a
satisfactory quality of international waters
both of the high seas and of international
drainage basin 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.

The point here is that comprehensive
examination should be made, for legal pur­
poses, of the conservation of the quality of
high seas and the pollution of those waters
from whatever cause, including radioactive
wastes, excessive nutrients and the dis­
charge of waste water of extremely high tem­
perature.

Connected with conservation of the
quality of the high seas is the interesting
question of a coastal nation's jurisdiction to
prescribe and enforce its laws outside its
territory and territorial waters in order to pre­
vent pollution damage to its territory and to
punish those causing such damage.

In other words, does international law
limit a nation's capacity to act unilaterally out­
side its territory to protect its territory from
potential pollution damage? Unquestionably,
such issues of jurisdiction should be careful­
ly examined.

The exploration for and production of
mineral resources from the subsoil under the
high seas is estimated to be increasingly sig­
nificant in the decades ahead. Here ques­
tions arise as to coastal nation jurisdiction
over these minerals and the nature of the
international regime to be established in the
deep-ocean area seaward of such jurisdic­
tion. Surely these resources should and must
be produced for the benefit of the expanding
world economy. This production, however,
should be harmonized with the maintenance
of a satisfactory quality of the surrounding
marine environment.

It goes almost without saying that the
earth's airspace or atmosphere is a matter of
international concern, and for effective action
an international approach will be required.
The Trail Smelter Arbitration between Cana­
da and the United States (discussed in Vol­
ume II) is an illustration of the general
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principle of nation-to-nation obligation under
international laws in matters of atmospheric
environmental conservation.

This report only attempts to indicate in
brief the need for an international rather than
a purely domestic approach to earth-space
environmental problems. This is not to say
that the earth-space environment could not
be improved upon, perhaps adequately,
through domestic action. However, concerted
action among nations would provide a more
effective approach.

Accordingly, over the months ahead,
governments and international organizations,
with the assistance of experts in environmen­
tal sciences, will be examining categories of
problems that lend themselves to internation­
al or regional consideration. In these efforts,
the experience of industry and its role must
be taken fUlly into account if the resulting
agreements are to have balanced and opti­
mum effectiveness.

B. General Principles ot International Law
The basic principle of international law

is that a nation is generally limited in taking
action that would cause injury within the ter­
ritory of another nation. From judgments of
specific cases, it can be concluded that there
is a general international obligation among
nations to refrain from conduct that would
result in pollution to or within the territory of
other nations.

C. Treaties and Conventions
Several international agreements that

have been concluded, dealing with oil and
gas operations and environmental conserva­
tion, are directed toward prevention of pollu­
tion of the seas.

Article 24 of the Geneva Convention on
the High Seas, which is in force and ratified
by the United States, obligates nations party
to the Convention to prescribe laws or regu­
lations to prevent pollution of the seas from
petroleum operations, including exploration
and production and transport by pipeline or
ship.

The International Convention for the Pre­
vention of Pollution of the Sea by Oil, 1954
and 1962, applies to specific sizes and types
of sea-going ships, including oil tankers. Par­
ty nations are obligated to exercise restric­
tions on discharging oil or oily mixtures in
certain zones of the oceans and to enforce
various standards and practices designed to
prevent pollution. The Congress of the United
States enacted implementing legislation in
1961.
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In November of 1969, the Assembly of
the Inter-Governmental Maritime Consultative
Organization convened a conference of
nations in Brussels to consider the adoption
of a convention or conventions on questions
relating to marine pollution damage.

The Conference prepared and opened
for signature and accession the following:

• The International Convention Relating to
Intervention on the High Seas in Cases
of Oil Pollution Casualties.

• The International Convention on Civil Li­
ability for Oil Pollution Damage.

The former would provide that party
nations "may take such measures on the high
seas as may be necessary to prevent, miti­
gate or eliminate grave and imminent danger
to their coastline or related interests from
pollution or threat of pollution of the sea by
oil, following upon a maritime casualty or
acts related to such a casualty, which may
reasonably be expected to result in major
harmful consequences."

The second of the 1969 Brussels Con­
ventions, focusing on Civil Liability for Oil
Pollution Damage, would, if it enters into
force, "apply exclusively to pollution damage
caused on the territory including the territori­
al sea of a Contracting State and to preven­
tive measures taken to prevent or minimize
such damage." Thus, applicability of the
Convention is based upon the place of dam­
age, Le., the territory of a nation. With certain
exceptions, the owner of a ship would be
liable within specified limits for any pollution
damage caused by the escape or discharge
of oil from the ship as a result of an occur­
rence causing such damage.

Both of these draft conventions were
signed on behalf of 16 nations, including the
United States. The ratification and effectua­
tion process will undoubtedly require consid­
erable time for basic concepts of liability as
between cargo owner and ship owner, as
well as the basis and extent of liability are
involved.

D. International Resolutions and Executive
Agreements

In an effort to move toward treaties or
conventions or develop international agree­
ments of a less formal nature, nations often
initiate resolutions by an existing intergovern­
mental group. The United Nations or its spe­
cialized agencies provide a normal forum for
such activities. The planned 1972 U.N. Pre­
paratory Conference on the Human Environ­
ment is an example.



Another more recently developed forum,
through which the United States is making
several far-reaching proposals concerning
pollution by oil, is the Committee on Chal­
lenges to Modern Society, which is associated
with the North Atlantic Treaty Organization.

A point of importance in international
consideration of environmental problems is
to ensure that resolutions and more formal
actions are developed and implemented by
the body most qualified to do so from the
point of view of applicable expertise. Techni­
cal problems are best solved by groups con­
stituted specifically to deal with such prob­
lems. The same is true for legal, scientific or

economic problems. Although international
action is ultimately taken by the participating
governments, they should do so with the full
cooperation of those elements of the private
sector having relevant experience and
expertise.

Regarding problems of environmental
conservation and pollution control that are
clearly of international concern, thereby in­
volving the interests of many nations, the de­
sirable approach should be to reach broadly
based agreement among nations so that
conflicting unilateral regulation by many na­
tions would be avoided.
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TABLE 4: Review of Drilling Operations
For 1969 & 1970*

• Source: American Petroleum Institute, News
Release (January 10, 1971).

TABLE 5: Review of Production for 1969 & 1970
Petroleum Liquids *

Oil
-~----

1,084 14,368 850 13,750
Gas .. n. 616 4,083 550 4,050
Dry __ ._. 8,001 13,736 7,000 11,650
Total n" 9,701 32,187 8,400 29,450

--
Total Footage

Drilled 157,107,859 145,160,000

1969 1970

Daily Average Number
of Barrels

Number of Wells Drilled

1969 1970
-- --

Exploratory Total Exploratory Total

Type of Product

Type

of

Well

Domestic Crude __.._n.mm. 8,778,071 9,176,775
Domestic Lease

Condensate m ••• _ ••m.m 459,603 454,822
Domestic NGL nn_•• __._.___ 1,589,701 1,680,085
Other Hydrocarbon mm••__ 11,543 17,090
Total U.S. Production . . 10,838,918 11,328,772

* Source: U.S. Bureau of Mines, "Crude Pe­
troleum, Petroleum Products, and Natural Gas
Liquids, December, 1970," Mineral Industry Sur­
veys (Monthly Petroleum Statement, published
March 23, 1971).

1970 was 9,176,775 barrels per day (Table
5).58 It has been estimated that domestic
crude oil production needed in 1975 will be
10,080,000 barrels per day, and in 1980 will
be 11,370,000 barrels per day.59

The marketed quantity of domestic natu­
ral gas produced in 1970 was 22.0 trillion
cubic feet,60

A 1969 survey indicated that there were
840 gas-processing plants (normally consid­
ered a part of the production phase of the
industry), with a total production of 70,061,­
030 gallons of products per day.61

The industry's ability to maintain and ex­
pand its producing capacity depends on both
a continuing program of exploring for new
reserves and a developing technology for res­
ervoi r performance and production oper­
ations. In this report, special emphasis will
be given to the discovery of new reserves
through offshore operations, because of their
increasing importance and because of the
inherent possibilities for pollution.

Offshore areas now account for about 17
percent of the nation's total domestic crudeThe U.S. petroleum industry is com­

prised of more than 40,000 companies en­
gaged in finding, producing, transporting,
processing and marketing oil and gas and
the products made from them. Collectively
these companies employ about 1.5 million
people and, with assets of $71 billion, consti­
tute the nation's third largest industry.55

Some of these companies are engaged
exclusively in one facet of industry oper­
ations (e.g., production, refining, marketing,
transportation). These companies, whatever
their size, are known as "nonintegrated"
companies. Others, called "integrated" com­
panies, engage in all phases of the business,
while in between are those "semi­
integrated" companies with two or more
types of operation.

A. Exploration and Production

An extensive drilling effort is required to
find and develop adequate oil and gas
resources, and a large portion of that effort
results in dry holes (Table 4).

While oil and gas are produced in 32 of
the 50 states, only about 1.4 percent of the
total land area of the country (31,309,585
acres) has proved so far to be productive.56

At the end of 1970, there were 642,607 pro­
ducing wells in the United States, of which
517,177 were oil wells and 125,430 were gas
welisY

Total U.S. production of crude oil for

SECTION 1.
OPERATIONS: THEIR NATURE,
SCOPE AND EVOLUTION

The purpose of this and sUbsequent
chapters concerned with oil industry oper­
ations is to provide (1) a basic description of
these operations and (2) an assessment of
the problems faced by management in its
efforts to meet public needs for both energy
and environmental quality.

Chapter Three:

The Fundamentals
of Industry
Operations
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Modern offshore oil-drilling platform in Alaska's Cook
Inlet. Photo courtesy of Sinclair Oil Corporation

oil supply, even though practical methods for
drilling and producing in offshore waters
have been developed entirely since the end

of World War II and the proportion of U.S.
domestic crude demand supplied from
offshore operations will continue to grow.
The historic trend in offshore activity is
shown in Figure 2.

Several technical improvements have
helped increase productive capacity in re­
cent years, offshore and onshore. These in­
clude hydraulic fracturing and the accelerat­
ed application of fluid injection. Other impor­
tant factors include extensive use of unitized
operations. Unitized operations and wider
spacing have permitted the production of oil
reservoirs with fewer wells, with consequent
major savings in costs and the development
and continued production of otherwise unec­
onomic fields. These and other technologi­
cal advances have materially reduced the
possibility of accidental pollution of land and
water.

B. Refining

As of the end of 1970, the United States
had 281 petroleum refineries, with a total
processing capacity of 12.75 million barrels
of crude oil a day.62 Individual capacities
range from less than 1,000 to 434,000 barrels

Figure 2

Annual Offshore Drilling on U.S. Continental Shelves

More than 14,000 Offshore Wells Drilled through 1970
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C. Storage, Transportation and Marketing

A large and efficient distribution system
is the key to supplying the nation with
adequate amounts of petroleum. Storage,
transportation and marketing facilities and
technology have improved in the interests
of greater efficiency, safety and conveni­
ence; these improvements have often re­
sulted in more effective conservation of the
envi ronment.

a day 63 and all have waste-water treating
systems to handle various types of liquid and
solid wastes. The geographic concentration
of most U.S. refining capacity in a few states
(as shown in Table 6) is an important consid­
eration in evaluating the impact of refining on
the nation's total pollution problem.

It is also significant that while U.S. crude
processing capacity has increased by about
32 percent since 1960, the number of refin­
eries in operation has decreased by 8 per­
cent. Many of the smaller and older plants­
generally the ones with less effective waste
control systems-have been shut down, and
the trend toward larger installations is ex­
pected to continue.

The mix of products from industrial
refineries varies considerably because of
differences in market requirements, type of
crude and type of processing, but, on a na­
tional basis, the major products and their
approximate percentage of total refinery
yields are as follows:

Product

Gasoline
Kerosine
Jet fuel
Gas oil and distillates
Residual fuel oil
Other products and plant fuels

% Yield

44.8
2.8
7.6

22.2
7.6

15.0

100.0

Terminal bulk storage facilities, New Haven, Conn.
Photo courtesy of Mobil Oil Corporation

1. Storage
The petroleum industry requires storage

facilities for tremendous volumes of raw ma­
terials and products: tanks for crude and
refined oils, pressure vessels for natural gas
products, and underground storage or cryo­
genic storage for liquefied gases.

U.S. stocks of crude oil and products at
the end of 1970 were estimated at more than
1,017 million barrels,64 but that represents
only part of the total volume of tankage re­
quired during production, processing, trans­
portation and marketing.

Underground storage capacity for lique­
fied petroleum gas (LPG) in the United
States in late 1968 was 152 million barrels. At

TABLE 6: Concentration of U.S. Refining Capacity·

State

Texas ..m ••• __ ._.mm._.n•••h.__nn.__••• n •••hm••_nh.

Califomia .m••• .nm • __ m •••••••• ••••_h. •

Louisiana m nn•• nm._ m __ m ••m. •••__mm••

Illinois __..m __m.n ._.... •• m __••••••mn.m•• m

Pennsylvania m ••mnmmm••• mm .mh••h. __

Ind iana m.mmn••• m ••mn.m•••__••__m. .h__ •

New Jersey __ _ mm••mh•••h ••m.__ • __•••••__

Total .m•••• __••••••_.mm._m.mmmm••mm

Number
Plants

47
32
16
11
13
10
6

135

Crude Capacity
MBjCD

3,118
1,529
1,191

704
629
566
524

8,261

Crude Capacity
% of

U.S. Capacity

27.1
13.3
10.3

6.1
5.5
4.9
4.5

71.7

Cumulative
% of

U.S. Capacity

27.1
40.4
50.7
56.8
62.3
67.2
71.7

* Source: Oil and Gas Journal (March 24, 1969).
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TABLE 7: Petroleum Products Transported in
United States

a) Pipelines

Pipelines are the most widely used
method of transporting crude oil, refined
products, natural gas and LPG (see Table 7).

Total pipeline mileage in the United

creased size is an estimate that the transpor­
tation cost per barrel for a tanker run from
the Gulf Coast to the New York City area is
reduced by a factor of almost 3 for an in­
crease in deadweight tonnage from 16,000 to
100,000.

• Based on 1969 refinery receipts. Source:
U.S. Bureau of Mines, "Crude Petroleum, Pe­
troleum Products, and Natural Gas Liquids,
1969," Mineral Industry Surveys (Annual Petro­
leum Statement, December 15, 1970).

t Source: Association of Oil Pipe Lines, "Shifts
in Petroleum Transportation, Table 3," Press Re­
lease (April 8, 1971).

30.92
26.14
2.46

4Q.48

Percentage of Product
Domestic Refined
Crude· Products t

Mode of
Transportation

Pipelines um_______ 82.33
Tankers and Barges uu 16.25

~~~:sa~~._~~~_~__~~~:=::::=:: ~ 1.42

the same time there were 315 underground
reservoirs for natural gas, with a capacity of
4.8 trillion cubic feet,65 and as of June 1,
1969, ten storage facilities for liquefied natu­
ral gas (LNG) were operating with a total
capacity of 4.6 billion cubic feet. Eight more
LNG facilities had been proposed, with addi­
tional capacity of 12.4 billion cubic feet.66

Technological advances in the design
and construction of steel tanks, particularly
since World War II, have greatly accelerated
a trend toward product conservation. Evap­
orative losses (with consequent vapor emis­
sions) have been reduced by the introduction
of vapor conservation systems, including
floating-roof tanks.

2. Transportation
Crude oil, gas and other petroleum prod­

ucts used in the United States move by
pipeline, barge, railroad tank car, tank truck
and marine tanker, with economics the main
factor in determining which mode is used.

Other factors being equal, the benefits
of economies of scale are as applicable to
petroleum operations as they are to other
areas of the economy and ultimately result in
cost savings to the consumer. For example,
large pipelines, huge marine tankers, and
jumbo tank trucks and rail tank cars are now
needed. Indicative of the savings through in-

This 101,000 DWT tanker is shown unloading at the PembroKe refinery in Wales (Great Britain).
Photo courtesy of Texaco Inc.
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States at the beginning of 1969 was more
than 1 million miles, as shown in Table 8.

TABLE 8: Pipeline Mileage for Crude Oil,
Products and Natural Gas

the East or West Coasts of the United States
to accommodate tankers of unlimited size.
On this basis it is reasonable to assume that
such facilities will be constructed in the fore­
seeable future.

"Source: U.S. Bureau of Mines, "Crude-Oil
and Product Pipelines, Triennial," Mineral Indus­
try Surveys (December 23, 1968). Note: Recent
informal estimates indicate no significant change
in total oil pipeline mileage as of January 1, 1971,
although the distribution is now essentially equal
among the three types of pipelines.

t Source: American Gas Association, 1969 Gas
Facts (New York, American Gas Association, Inc.,
1969).

New technology in the manufacture and
laying of pipe has made possible the use of
larger-diameter lines. At the same time, the
industry has developed new welding tech­
niques to match with safety the economic
gains of high-strength, thin-wall steel pipe.
The industry has continued to improve pipe
coatings and cathodic protection to minimize
the dangers of corrosion.

TABLE 9: Size and Tonnage of Marine
Tanker Fleets*

(Oceangoing Vessels of 2,000 Gross Tons
and Over)

Number Average
of Ships Total DWT DWT

24,100
66,300

37,500
104,100

U.S. Fleet
Present __._._. 365 8,797,900
Ordered t 22 1,458,000

World Fleet
Present .___ 3,893 146,029,100
Ordered t _n_ 570 59,328,000

* Analysis of World Tank Ship Fleet, Decem­
ber 31, 1969 (Philadelphia, Sun Oil Company,
Corporate Development Group, August 1970).

t On order or under construction as of De­
cember 31, 1969.

c) Barges, Rail Tank Cars, Trucks

Where the nation's approximately 25,000
miles of inland waterways are located, barg­
ing is the most economical means of trans­
porting crude oil and petroleum products.
Railroad tank cars, no longer widely used for
crude oil movement, are often ideally suited
for carrying special, limited-volume products.
Tank trucks and trailers, now with capacities
as large as 10,000 gallons, are important
links in the petroleum distribution system.
Table 10 shows the relative number of units

74,124
70,825

144,949

64,529

64,440
233,940
554,030
852,410

1,061,888

Crude Oil *
Gathering u •• • • __ m _

Trunkl ines . u. u u __

Total Oil (as of Jan. 1,1968) . _

Products Total" (as of Jan. 1, 1968) _
Natural Gast

Field and Gathering m __._u •• _

Transmission u uu m _

Distribution u uu m .uu

Total Gas (as of Jan. 1, 1969)m
Total (all pipelines) u m _

TABLE 10: U.S. Oil Transportation Capacities·

* NPC, U.S. Petroleum and Gas Transportation
Capacities (1967).

and capacities of these three modes of in­
land and shallow-water transportation.

3. Marketing

While marketing systems exist for all pe­
troleum products, the system for automotive
gasoline is used here to illustrate the scope
of the industry's marketing operations for two
reasons: It is by far the most extensive, and
it provides outlets for the industry's principal
product.

b) Tankers

Marine tankers not only are the sole
means of transporting petroleum and LNG
from overseas to the United States but also
are the second most widely used means of
moving domestic crude and products. The
extent of the U.S. and world tanker fleets is
shown in Table 9.

Currently the average tanker, worldwide,
is approaching the 40,000 deadweight-ton
class. However, the trend is toward much
larger vessels, with tankers of 326,000 OWT
already in service. Because of a number of
restricting factors, plans to increase tanker
size above 326,000 OWT appear to be limited.

Current port facilities in the United
States are generally restricted to the relative­
ly smaller tankers, with vessels in the 100,­
OOO-ton class being the largest that can
presently be accommodated. On the other
hand, technology exists for constructing
offshore loading berths almost anywhere off

Mode of Transportation

Barges (Petroleum) _
Tank Trucks & Trailers_
Rail Tank Cars _m _

Number
of Units

2,925
81,300

185,228

Total
Capacity
(In 1,000

Bbls.)

35,509
11,840
50,631
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Automotive gasoline is generally direct­
ed from a refinery or terminal to (1) service
stations, (2) individual, large-volume "con­
sumer" accounts, and (3) small bulk plants
which in turn normally direct it to service
stations or consumer accounts. A 1962 Los
Angeles study indicated that 95 percent of
automotive gasoline was marketed through
service stations and 5 percent through con­
sumer accounts.67 Statistical information is
not available on the total number of gasoline
terminals and bulk plants in the United
States. A rough estimate would be 20,000.
There were 219,000 service stations in the
United States in 1968. While the total con­
sumption of automotive gasoline is expected
to increase, recent industry trends indicate
that the number of service stations will de­
crease. Thus the average station will handle
a larger volume of sales.

SECTION 2.
THE MANAGEMENT OF CHANGE­
A BALANCING OF PRIORITIES

The remainder of this chapter will review
some of the major factors which must be
taken into consideration by management-in
government or the oil industry-before it de­
cides on any course of action involving envi­
ronmental conservation.

A. Control of Water and Land Pollution

Regard for the protection of both land
and water from harmful spillages of petrole­
um liquids is essential in all oil industry oper­
ations. However, the circumstances that dic­
tate the cost-effectiveness of preventive
measures may vary considerably from one
operation to another.

In exploring, refining, pipelining and
marketing, the major problems are prevent­
ing ::.lllall spills and containing them when
they occur. Only in drilling and production
and in the transportation of petroleum liquids
by tanker or barge does the problem of large
spills arise. Here the problems are to keep
the number of such spills to a minimum and
to be prepared to prevent damaging pollution
when they do happen.

In any case, the proper control mea­
sures must be chosen to satisfy society's
needs for safety, environmental conserva­
tion and an uninterrupted supply of energy
fuels.

1. Production

Determining cost-effectiveness in pro­
duction operations requires balancing re-
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quirements for low-cost basic energy against
the increasingly difficult conditions under
which petroleum must be found and pro­
duced.

The problem is compounded because
it is almost impossible to determine the true
cost of finding and developing a barrel of
crude oil at any given time. Much depends
on the amount of oil in the reservoir. Esti­
mates of total recoverable oil made soon af­
ter discovery may not be accurate.

It has been established, however, that
new technology in drilling and production
has resulted in substantial cost savings. So
has wider well spacing. It has been esti­
mated that without developments in these
two areas from 1950 to 1965, the cost of
crude oil would be at least $1.00 higher per
barrel produced.6B

At the same time, the search for oil and
gas has extended more and more into
offshore regions, where expenses are sub­
stantially higher than for comparable onshore
operations. Total exploration and develop­
ment costs are expected to increase still
more as water depths increase, with costs in
1,000 feet of water from three to five times
those in 100 feet. 69

A petroleum manager, then, must bal­
ance the effects of cost savings through tech­
nological improvements, the projections of
increasingly difficult operating conditions,
and the costs and benefits of environmental
conservation.

2. Refinery Operations

It is also difficult to determine cost alter­
natives in dealing with refinery waste prob­
lems, partly because some facilities provide
dual benefits in processing and pollution
control.

The Environmental Protection Agency
(EPA) has developed data on which it bases
an estimate of the capital and annual oper­
ating costs of waste-water facilities for a hy­
pothetical 100,000-barrel-per-stream-day re­
finery using typical technology at three dif­
ferent levels of treatment. The results are
shown on page 57.

It should be emphasized, however, that
many industry experts believe these costs to
be too low. The ratios between costs may, on
the other hand, be more realistic.

In any event, there can be no doubt that
pollution control efforts will continue to have
a major effect on capital spending and oper­
ating costs in the refining section of the in­
dustry.



Degree of Treatment'

Low Intermediate High

Capital Cost __ u______ $219,000 $445,000 $1,126,000
Annual Operating

and Maintenance
Cost u m _u_ 33,000 72,500 187,000

* Low m_ummmJncludes API separator plus slop-oil
treatment.

Intermediateulncludes API separator, slop-oil treat­
ment, aerated lagoon and foul-water
stripper.

High n mlncludes API separator, slop-oil treat-
ment, foul-water stripper, activated
sludge, thickening, vacuum filtration
and incineration.

Source: U.S. Department of the Interior, Federal
Water Pollution Control Administration, The Cost of
Clean Water, Vol. III, Industrial Waste Profile No.5,
Petroleum Refining (Washington, D.C., November
1967), Table 18.

3. Marketing

The disposal of used crankcase oil and
used industrial cutting oils and lubricants is a
lesser known but important factor which mar­
keting managers must recognize in determin­
ing the cost-effectiveness of environmental
control activities.

Re-refining operations, which formerly
handled many waste oils, are becoming
economically marginal. Consequently, dis­
posal becomes a cost problem for service
stations and auto repair shops as well as for
larger industries.

Municipal sewage treatment facilities, if
up-to-date and properly operated, can han­
dle some oil, but this disposal problem needs
further study. Burning appears to be one
effective disposal method.

4. Oil-Spill Recovery and Containment

In determining cost-effectiveness, the
containment and cleanup of spilled oil is per­
haps the most difficult to assess of all envi­
ronmental conservation activities. Operation­
al costs can usually be measured in terms of
expenditures for containment and cleanup
action, but the benefits to society from such
action are much more difficult to weigh.

The risk of spills is inevitable when soci­
ety depends so heavily on large volumes of
petroleum for its energy. The goal of the in­
dustry-already attained to a substantial de­
gree in many operations-is to reduce that
risk to its practicable minimum.

Top priority is currently being given to
the development of equipment and tech­
niques for containing and recovering large­
volume spills in the open sea.

B. Control of Atmospheric Pollution
Control of atmospheric pollution is more

a problem of the use of petroleum products
than of the industry's operations. A detailed
discussion on use of products follows in a
later section of this report. However, some
operational phases-notably refining-do
have emissions control problems for which
the cost-effectiveness of control measures is
a significant management problem.

1. Refineries

The cost of adequate air-pollution con­
trol facilities in a refinery depends on many
factors, including the complexity of facilities,
types of crude processed, location and local
regulations. Most refiners now consider that
air-pollution control facilities will add at least
5 percent* to the overall cost of building a
new refinery. This is about triple the percent­
age considered adequate in the early
1950's.7° It. is also equivalent to a cost of
about $85 for each barrel-per-day of capacity
of a new plant, which gives some indication
of the magnitude of the costs involved.

Furthermore, installing air-pollution con­
trol equipment on existing refinery units is
likely to cost from 150 to 200 percent of the
amount for comparable equipment in new
construction.

Not all such expenditures, of course, are
without some economic return. A few years
ago, an industry-wide survey showed that 37
percent of the expenditures for control
equipment in 1960-65 had a good economic
payout compared with normal investment
practices. Another 31 percent had a fair pay­
out, and 32 percent had a poor payout or
none at all.71

2. Other Operations
Evaporative losses from storage tanks

have not been shown to contribute signifi­
cantly to air pollution. Control measures tak­
en by the industry have generally been
motivated by the desire to reduce product
losses.

C. Control of Noise and Light

Noise and light, while more in the nature
of annoyances than pollutants, can become
problems, especially when refineries near ur­
ban areas are involved.

As in most other industry operations,
complexity makes it difficult to determine the
cost of noise abatement. From the limited
information available, it appears that such a
program at a typical refinery of 100,000-

* Five percent is estimated from the total cost of
pollution control of 10 to 15 percent of overall cost.
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barrels-a-day capacity could range from
$100,000 to $250,000.

Light from refinery flares is negligible
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under normal conditions, while the cost of
facilities to conceal such flares may occa­
sionally reach $150,000 to $250,000.



Chapter Four:

Exploration and
Production

The importance which the oil industry
attaches to pollution control in drilling and
producing operations is aptly indicated by
the large investment required and provided,
particularly offshore, to prevent mishap and
to control our valuable petroleum resources.

This investment is made for sound busi­
ness reasons as well as for meeting regula­
tory requirements and societal needs, for the
destruction of an offshore platform or prema­
ture depletion of a reservoir by reason of
ineffective safety or other control procedures
would result in major financial losses to the
companies concerned.

SECTION 1.
BASIC OPERATIONS FACTORS

In general, pollution engendered by drill­
ing, completion, producing and pipelining
operations is not a significant problem when
properly controlled and, with the exception
of a few spectacular accidental situations,
has been handled to the satisfaction of all
parties concerned.

Extensive operational experience in pol~

lution control on land has equipped the oil
and gas industries for handling similar prob­
lems in the newer province of offshore oper­
ations. The pollution control procedures in­
volved in offshore operations are similar to
land operations, although the control prob­
lem generally is more difficult because of the
hostile environment in which the equipment
must operate.

The principal difference between
offshore and land operations is the possibili­
ty of catastrophic failure of the offshore well
due to damage or destruction by shipping or
storms. Therefore, highly sophisticated, re­
motely controlled, or automatically actuated
safety devices are employed in offshore op­
erations. Basically, these systems are de­
signed to be fail-safe; that is, to be normally

closed and to be opened only if any of a
number of programmed all-clear conditions
exist. Even the most sophisticated equipment
requires man to exercise judgment to ensure
control in any given situation.

Improvements in preventive actions
have reduced spills or uncontrolled flows
from wells to rare occurrences. Where such
events have occurred, the petroleum industry
has acted vigorously to devise means of
preventing future pollution. Prevention and
control of oil field pollution requires a never­
ending effort involving research, planning,
personnel training, equipment, safety
features, automation and supervision.

SECTION 2.
WATER-COVERED AREAS

The primary activities involved in
offshore exploration are geophysical sur­
veys, bottom sampling and core drilling, of
which core drilling is the only possible
source of significant pollution from oil. In the
past ten years, however, thousands of core
holes have been drilled by the petroleum in­
dustry (under U.S. and Canadian government
permits) on the shelves and slopes of all U.S.
and Canadian coasts and no pollution has
resulted. Additionally, the JOIDES (Joint
Oceanographic Institute Deep Earth Sam­
pling) deep-water coring program has,
through December 1970, resulted in no pollu­
tion.

Pollution from offshore oil development
and production operations can result from
blowouts during drilling, from rupture of well
casing due to storm or ship collision, from
spillage of oil in storage at the surface and
from pipeline leaks. Here again, however, the
record of the industry is extremely good, in­
sofar as incidents with a pollution potential
are concerned.

It is estimated that over 14,000 offshore
wells in U.S. federal and state waters had
been drilled through 1970, if multiple com­
pletions are counted as one well. Approx­
imately 9,000 wells have been drilled on the
Outer Continental Shelf (OCS).72 Yet in only
25 of these wells were blowouts experi­
enced. Furthermore, only three oil-spill inci­
dents (one off Santa Barbara in 1969 and two
in the Gulf of Mexico in 1970) have been of a
magnitude to cause any serious pollution
threat.

Petroleum companies recognize the
seriousness of such incidents and not only
seek to improve ways of preventing them but
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also to control such spills when they do oc­
cur (see Chapter Seven).

The Federal Government establishes
and enforces rules by which the petroleum
industry must operate on the Outer Continen­
tal Shelf. Within state waters, inland bays
and rivers, detailed rules are developed and
enforced primarily by local governments­
state, county and city. These rules are, in
general, consistent with the rules which ap­
ply to areas of the OCS. That these regula­
tions, procedures and practices have been
effective in preventing serious acts of pollu­
tion is shown by their very low incidence of
occurrence in offshore operations over the
years. However, regulations must advance
parallel to technology. As technology is im­
proved, regulations must be revised and up­
dated. To accomplish this, government and
industry representatives must continue to
work together.

A. Drilling
Offshore petroleum drilling operations

are essentially the same as those for onshore
drilling except that the rig is supported by a
structure that rests on the bottom of the sea
or on a floating vessel rather than on land.

Pollution of offshore waters during nor­
mal drilling operations is prevented by col­
lecting mud and oil used in the operations
and either separating the oil on-site for later
disposal or disposing of the mixed waste
ashore.

Normal well control is maintained
through proper use of blowout preventors,
riser pipe assembly, coupling devices, cas­
ing, drilling mud and well-trained drilling
staffs.

Blowout preventors and related control
equipment are tested as often as prudent
operations dictate, but no less than that re­
quired by existing procedures issued by the
regulatory agencies, and in each instance,
the equipment is approved by the appropri­
ate agency prior to receiving a permit to drill.
The normal riser pipe completes the tie-in
from the wellhead to the rig, while coupling
devices permit the operator to disconnect
from the well during storms and to leave the
well shut in with the blowout preventors
closed.

The casing program is approved by the
regulatory agencies prior to receiving a per­
mit to drill a well. A quantity of cement
sufficient to cover and isolate all hydrocar­
bon zones and freshwater sands and to iso­
late normally pressured intervals from abnor­
mally pressured intervals is used.
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The drilling fluid, normally called
"mud," must perform several primary func­
tions, one of which is to keep the well under
hydrostatic pressure control. Mud-testing
equipment is maintained at the drilling site at
all times and mud tests are performed at
least daily or more frequently if conditions
warrant. Here again, the drilling mud pro­
gram is approved by the appropriate regula­
tory agencies prior to the granting of a permit
to drill.

In some instances a light oil, such as
diesel fuel, is used in place of some of the
water in drilling fluids. The use of oil in this
manner could be a possible source of minor
pollution. However, self-contained systems
are generally used to prevent pollution and
all drill cuttings are treated for oil removal
before their disposal, or are hauled to shore
for disposal. Oil substitutes for use in drilling
muds have been developed to further mini­
mize the risk of pollution.

In normal circumstances, loss of drilling
fluid to subsurface zones or encountering ab­
normally high pressured zones does not lead
to a blowout. However, accidents can happen
wherein control of pressures in subsurface
zones is lost. It is these circumstances that
allow a well to get out of control and permit
situations to develop wherein pollution could
occur.

Proper drilling systems equipment de­
sign and effective drilling staff training pro­
grams are all used to prevent loss of well
control and/or a blowout. Since proper mud
weight is the principal control of pressure in
formations being drilled and those previously
drilled but not cased off, elaborate mud sys­
tem monitoring equipment is installed with
strategically located indicators to monitor
drilling operations that are taking place.

B. Well Completion
After a well has been drilled to the de­

sired total depth, it must then be completed
as an oil- and/or gas-producing well, or
plugged with cement as a dry hole and aban­
doned. Exploratory wells require geological
evaluation of the formations penetrated and
extensive testing to determine their potential
commercial value prior to completion. Addi­
tional wells are drilled to develop the reser­
voirs discovered by the exploratory wells.

The most accurate diagnostic method of
evaluation prior to completion of a well is a
"drill stem test" which involves the produc­
tion of formation fluid to the surface through
the pipe used for drilling the well. To prevent
pollution of the ocean, the fluids that are



produced during a drill stem test are collect­
ed in tanks at the surface. The drilling mud is
returned to storage tankage, the oil not used
for laboratory analysis is placed in a waste­
oil tank for storage and sUbsequent disposal,
and the gas, other than that collected for
analysis, is burned by an appropriate flare
arrangement.

After testing is concluded and it has
been determined that the drilled well is to be
completed as a producing or fluid injection
well, the final string of casing is.placed in the
well and sealed to the penetrated formations
with cement. Blowout preventors attached to
a casing string installed during drilling oper­
ations guarantee control of the well during
the completion operation. Regulations speci­
fy that cement around the production casing
should extend up a sufficient distance to pro­
tect all potentially productive zones.

To ensure adequate control of well pro­
duction and to permit future maintenance of
the system, well fluids are normally produced
through a relatively small-diameter tUbing in­
stalled inside the production casing. Surface
control valves (in a configuration known as a
"Christmas tree") are normally installed at
the surface, although a limited number of
completions have been attempted using a

Surface control valves in a "Christmas tree" con­
figuration, used on land or on a fixed platform over
water.

Photo courtesy of Standard Oil Company (New Jersey)

"Christmas tree" installed on the ocean floor.
Subsea completions will probably in­

crease in the future, but they still represent
experimental steps taken by the industry to
improve and advance completion tech­
niques. The history of subsea completions is
too short to compare the pollution risks with
those utilizing facilities installed at the sur­
face.

A storm choke, or subsurface tUbing
safety valve, designed to automatically or
manually shut in a well below the surface
when production volume or pressure differ­
ential is excessive or when hazardous condi­
tions are encountered at the surface, is gen­
erally installed in the tubing through which
oil or gas is produced. Any failure of surface
equipment, such as a line break which re­
sults in excessive flow, will close the safety
valve. Most of these safety devices are re­
quired by federal and/or state regulations
unless exceptions are obtained from the reg­
ulatory agencies for specific circumstances
listed in the regulations. The conditions
which merit exceptions are those which oth­
erwise would make well operation impracti­
cal. Regulations provide for the installation of
such valves in all wells not so equipped
when storms threaten.

It is sometimes necessary to suspend
operations on a well pending additional dril­
ling. Where operations are to be suspended,
cement plugs are set to confine fluids and
prevent flow to the surface. If the reserves
are found to be noncommercial, however, the
well is abandoned by cutting off the casing
beneath the mud line and above the top ce­
ment plug. Regulations specify the minimum
length and location of plugs to be set, and
approval of the abandonment procedure for
each well must be obtained from the regula­
tory agency. During plugging operations, the
danger of blowout is no greater than during
drilling, since all control equipment remains
in use.

C. Production
Petroleum liquid is almost universally

associated with hydrocarbon gas which is in
solution in the oil at reservoir pressure, but
the gas becomes a separate phase as it mi­
grates or moves through tubing and flow
lines and as pressure is reduced. Formation
water is often produced in association with
the oil and gas. Offshore separation of gas,
oil and water is the general practice, although
the practice in some cases is delivery to
shore for separation.

Safety features incorporated in the pro-

61



duction and test equipment facilities normally
provide automatic shut-in of the wells for a
number of functions such as high and low
pressure on the flow line or high liquid level
in one of the separators. Shut-in controls may
be actuated manually from a central control
station or may be actuated automatically by
such occurrences as a fire or other disaster.

After the produced fluids have been
separated into the three basic components­
gas, oil and water-they may be handled
separately on the offshore structure. The gas
usually constitutes the greatest hazard to
safety, although it is less of a pollution prob­
lem than oil or produced water. Most produc­
tion separators permit liquid particles to be
carried over into the gas stream, and special
scrubbers designed to remove this liquid
must be installed before the gas can be sold
or vented. When venting is necessary, the
pollution potential is minimized by burning.

The water from a conventional produc­
tion separator normally contains minute par­
ticles of oil which preclude its release to
offshore waters without further cleaning to
comply with regulatory standards. It has

been common practice to clean the produced
water at nearby onshore facilities so that it
will meet environmental standards before re­
lease into the ocean or a disposal system.
Recently, special filter media or other pro­
cessing techniques have been developed so
that produced water may be cleaned at the
offshore facility and released directly into the
ocean.

Periodic inspection and maintenance of
all production equipment are essential if reli­
able operation is to be expected. Inspection,
maintenance and repai r of subsurface safety
valves are required by regulations at 6- to
12-month intervals. Safety drills and oper­
ational checks are desirable to verify that all
safety devices are functioning properly. All
personnel must be trained to remedy any sit­
uation that may cause or contribute to pollu­
tion, and to report immediately to the next
higher authority any situation which cannot
be corrected immediately. Regulations also
require immediate reporting of any signifi­
cant oil spill to appropriate government
agencies.

Air view of a modern oil and gas producing platform in the Gulf of Mexico.

Photo courtesy of Mobil Oil Corporation
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Corrosiveness of the produced well
fluids does not generally present a serious
pollution problem in the destruction or failure
of well tUbing, flow lines or pressure ves­
sels, and there is little direct danger of pollu­
tion resulting from corrosion of water-handling
facilities. However, since any loss of control
endangers the entire facility, corrosion pro­
tection of the structure in its entirety must be
properly engineered and carefully super­
vised.

After an offshore well has been on pro­
duction for a period of time, it is frequently
necessary to conduct remedial work. In gen­
eral, pollution hazards during workover oper­
ations are compa-rable to those experienced
during drilling, and careful planning is neces­
sary to ensure that a well is maintained un­
der control at all times. In common use today
as a control fluid is a treated salt water
which can be weighted, will not reduce the
productivity of the well, and, in addition, is
relatively safe from a pollution standpoint.

Pumping acid into producing formations
is a widely used stimulation technique in
offshore wells. After treatment, the well is
placed back on production and the spent
acid, which has mixed with formation fluids
is separated from the produced crude oil and
disposed of in the same manner as the salt
water produced from the well. All oil and
oil-contaminated salt water are placed in
tanks for onshore disposal.

In some areas, the influx of formation
sand into the wellbore presents a major ob­
stacle to maintaining production. Most meth­
ods of controlling sand influx require that all
of the sand be cleaned from the wellbore
after the well "sands up" and goes off pro­
duction. This sand normally is oil saturated
and must be cleaned or transported ashore
for disposal to avoid the danger of pollution.

Improved recovery techniques are ap­
plied to petroleum reservoirs to increase the
amount of oil recovered above that which
might be obtained by natural expulsive forces
of the formation fluids. The most common
improved-recovery devices are the injection
of water or natural gas at high pressure. For
a typical offshore waterflood, the water
source may be (1) the surrounding body of
surface water or (2) a freshwater or saltwater
formation from which water is produced
through a well in the same manner as it is
obtained from wells for domestic use. If there
should be a pollution problem in returning
produced water to the sea, it can be reinject­
ed into the subsurface formations. The use of
high-pressure gas is more of a safety hazard

than the use of high-pressure water in im­
proved recovery techniques. If gas produced
along with oil is not marketable, its use for
reinjection may be a conservation measure,
since later beneficial use may be preferred
to waste by flaring.

SECTION 3.
LAND POLLUTION

On land, as in water areas, operating
companies in the oil industry have given a
great deal of attention to prevention of blow­
outs during drilling. As a result, in the eleven
years, 1960 through 1970, only 106 blowouts
occurred in the drilling of over 273,000 wells
in eight major oil-producing states. Most
blowouts are from high-pressure gas wells
rather than oil wells. With gas, any ground
pollution would be from drilling mud blown
out of the hole or salt water produced with
the gas.

In order to further reduce such occur­
rences, the producing industry and some ser­
vice companies have developed training pro­
grams to give drilling superintendents, drill­
ing engineers and operating personnel the
necessary understanding, skill and practice in
well control.73

During the extraction process, large
amounts of salt water are produced as oil
and gas fields age. Such water can create
pollution problems from producing wells on
land or freshwater-covered areas. Its proper
disposal in these areas has been and contin­
ues to be of major concern to operators.

A study by the Interstate Oil Compact
Commission (lOCe) shows that 72 percent of
the produced water coincident with hydrocar­
bon production is being reinjected into the
ground either for supplemental recovery of
oil or into nonproductive saltwater-bearing
zones. Prior to returning such salt water to
underground formations, extensive geologic
and engineering studies are made to ensure
that no damage is done to freshwater hori­
zons. Where proper natural conditions exist,
this disposal method is desirable, both from
commercial and ecological standpoints.

The loee study also indicates that 12
percent of the salt water extracted during
production is put into nonpotable water
bodies or approved disposal sites, or if suit­
able, used for irrigation or livestock. Govern­
ment authorities do not permit disposal of
salt water into freshwater streams, although
it may be disposed of in saline bays and
estuaries and offshore.
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Another 12 percent is disposed of in pits
where it evaporates into the atmosphere. Un­
lined pits are not allowed in some areas
(e.g., Texas). However, where unlined pits
are used, studies are being conducted to en­
sure that seeping water does not migrate into
nearby freshwater supplies.

Good housekeeping practices are being
increasingly followed during drilling and pro­
duction operations, particularly in areas with
problems of unusually fragile ecological
balance, such as the North Slope of Alaska.
Waste liquids are treated and neutralized in
disposal pits, which are then refilled, after
usage, with native soil to original grade.
Efforts are being made to collect all trash
and debris. Erosion is being guarded against
in Alaska by the planting of new cold-climate
grasses.

The industry has also been careful to
control the abandonment of wells. In addition
to action by regulatory bodies, most modern
lease agreements spell out specific proper
abandonment procedures.

SECTION 4.
AIR POLLUTION

A. Drilling and Completion
Of the relatively few blowouts which

have occurred during the drilling of many
thousands of wells, a majority have been
from gas wells. In gas-well blowouts hydro­
carbon vapors, mixed in some cases with
hydrogen sulfide vapors, are the principal air
contaminants. However, the contamination is
principally airborne and is usually localized
and temporary in nature. Because of the
areas in which drilling operations are gener­
ally conducted, such contamination normally
does not have a significantly deleterious
effect.

Natural gas is sometimes used instead
of mud as a controlling and circulating medi­
um during drilling operations. Because it is
impractical to reuse this gas, it is usually
flared.

Well testing is normally of short duration
and gas produced is also usually flared. The
oil produced during well testing is often
dumped into waste pits and burned. Such
well-testing programs are only infrequent oc­
currences.

Conventional well-stimulation methods
do not contribute to air pollution, but the use
of nuclear devices for stimulation of gas
wells could possibly allow radioactive sub-
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stances to escape if proper control proce­
dures were not followed. To date, only two
nuclear devices have been fired, and pre­
liminary results from both of these experi­
ments indicate apparent success, with little
or no pollution in the atmosphere.

B. Production and Processing
The production of oil and the production

and processing of natural gas have a rela­
tively low potential for air pollution.

Most of the air contaminants associated
with the production of oil or gas are emitted
as a result of the venting or burning of vapors
and liquid waste materials. In isolated areas,
where production facilities are widely scat­
tered, control of air contaminants is difficult
to monitor. However, the continuing develop­
ment of new control devices, such as a
smokeless or nonluminous flare for individu­
al well settings, may be the answer.

If a use or market is available for the
gases obtained with oil production, or in
areas that have "no-flare" regulations which
require that some use be made of the gases,
the gases are separated, then gathered and
transferred to a processing plant.

Following processing an·d treatment, the
oil is usually moved into stock tanks. Normal­
ly the oil at this time has a higher than atmo­
spheric vapor pressure, and the vapors are
flashed off because of the reduced pressure
in the tanks. These vapors are often rich in
hydrocarbons, and are usually recovered and
processed.

In the production of natural gas fields,
the gas is processed at the lease for the
removal of free liquids in a manner similar to
the oil and gas separation that takes place in
oil fields. Following the processing at the
lease, the natural gas is gathered and moved
to a central processing plant. Closed gas­
gathering systems and storage vessels en­
sure control of possibly contaminating losses
to the atmosphere.

Waste materials which cannot be recov­
ered within a process plant are disposed of
by means designed to minimize pollution. For
example, vapors unsuitable for use in fuel
systems are usually disposed of by flaring
rather than by venting them directly into the
atmosphere. Liquid waste materials are
transported for recovery or disposed of in
some other manner. Burning of liquid wastes
is allowed by most state air pollution control
boards when no other practical method of
disposal exists.



Chapter Five:

Refining

SECTION 1.
BASIC REFINING OPERATIONS

A. Refining Crude Oil

Refining of crude oil into finished pro­
ducts is accomplished in four major steps­
separation, conversion, treating and blending.

The crude oil is first separated into se­
lected fractions. Some of the less useful are
converted to products having a greater de­
mand (e.g., heavy naphtha to gasoline) by
splitting, uniting or rearranging the original
molecules.

1. Separation

The most important separation process
is fractional distillation, which depends en-

tirely on the relative volatilities of various hy­
drocarbons.

In the distillation of crude oil, the feed is
heated and partially vaporized in a furnace,
then fed to a fractionating column in which it
is separated into various fractions of various
boiling ranges. The products of crude distil­
lation range from noncondensable gas
through gasoline, kerosine, naphthas and gas
oils to a heavy residuum. Some of these frac­
tions can be treated and blended into
finished products, while others are used as
feed to conversion or other processes.

2. Conversion

Conversion processes involve a change
in size or structure of the hydrocarbon mol­
ecules.

In a cracking operation, large molecules
are decomposed by heat into smaller, lower­
boiling molecules. At the same time, some of
the molecules combine (polymerize) to form
larger molecules. The usual products of
cracking are gaseous hydrocarbons, gaso-

Catalytic-cracking units at a modern oil refinery.

Photo courtesy of Cities Service Company
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line, gas oil, fuel oil and coke. Modern crack­
ing practice is to apply heat to the petroleum
fraction in the presence of a catalyst to in­
crease gasoline yield and improve quality.

Hydrocracking is carried out in a hydro­
gen atmosphere at very high pressures. This
produces only gasoline and jet fuel without
coke formation.

Alkylation is a process for converting
light, gaseous olefins into high-octane gaso­
line.

Catalytic reforming uses low-octane
gasoline as a feedstock and, by molecular
rearrangement, produces a gasoline of high­
er quality and octane number, along with
quantities of hydrogen.

3. Treating

Sulfur removal from both product and
intermediate feedstocks is important, not
only for product quality, but because of the
sensitivity of certain catalysts to sulfur poi­
soning.

The platinum catalyst used in catalytic
reforming, for example, is extremely sensitive
to sulfur poisoning. Sulfur is removed from
the low-octane gasoline feedstocks for this
process by catalytic hydrogen treating (hy­
drotreating).

Hydrotreating has generally supplanted
chemical treating to remove sulfur directly.
Other processes are used to remove various
corrosive compounds from processing
streams.

4. Blending

The last major refinery operation step
involved in the manufacture of most finished
products is blending. Motor gasoline, lubrica­
ting oils and asphalt are blended or "com­
pounded" from base stocks.

B. Water Use in Refineries

Refineries are relatively small con­
sumers of water even though they are large
water users.

Freshwater intake of the refining indus­
try is only about 0.7 percent of total U.S.
withdrawals and its consumption is only
about 0.25 percent of total U.S. consumptive
use.

Cooling and condensing account for
most of a refinery's total water needs. Ninety­
seven percent of the total water requirement
is for cooling. Such waters are generally not
subject to chemical contamination, but on
occasion they may become contaminated
with oil from exchanger tube leaks or breaks.
Although much smaller quantities of water
are requi red for process purposes, the possi-
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bility of contamination is high. Water for
steam generation is normally reused.

The water quality required for these uses
varies, but only in steam generation is high
quality especially important. Water quality is
seldom the determining factor in locating a
new refinery.

Water reuse is becoming an increas­
ingly important factor in the design of refining
water supply and waste-water control sys­
tems. It is particularly helpful in improving
the quality of receiving waters by minimizing
effluent volumes, while at the same time re­
ducing the capital and operating costs of
high levels of waste treatment. As water re­
use, particularly for cooling purposes, contin­
ues to expand, raw water requirements per
barrel of crude will, on the average, continue
to decrease.

SECTION 2.
WATER AND LAND POLLUTION CONTROL

A. Sources of Refinery Contaminants

Oil is the most obvious pollutant from
refining operations, and one which emanates
from a variety of in-plant sources.

Substances susceptible to chemical or
biochemical oxidation constitute another ma­
jor pollutant, since their presence in refinery
effluents contributes to the demand placed
on the oxygen resources of receiving waters.
Hydrocarbons, although only slightly soluble,
contribute to oxygen demand.

Other substances which contribute to
taste and odor, toxicity, or turbidity of the
effluent stream may be produced in various
processing or treating facilities.

Nitrogen and phosphorus nutrients,
which contribute to algae and weed growth in
receiving waters, originate in ammonia­
containing condensate waters from certain
process units and in blowdown from boilers
and cooling towers.

B. Waste Control Methods

Broadly speaking, a refinery waste sys­
tem usually includes a drainage and collec­
tion system; oil-water separation facilities; fa­
cilities to control pollutants causing toxicity,
taste and odor; and-when reqUired-some
form of secondary treatment.

1. Collection and Segregation

Sewers used in refineries to collect
wastes do not differ markedly from those in
other industries except that special attention
must be given to safety because volatile hy­
drocarbons are involved. The collection or



drainage system is laid out to prevent drain­
age of surface waters subject to oil contami­
nation directly onto adjoining properties or
into adjacent surface waters.

2. Loss Prevention and Reuse
Normal small losses of products occur

during most processing and handling of hy­
drocarbons. Included are such activities as
loading and unloading (see Chapter Six).

In some refineries, piping is installed
above ground on sleepers or on overhead
racks to permit easy detection of leaks. Other
loss-prevention practices include providing
a) special equipment to pump out the con­
tents of the towers, lines and vessels of pro­
cess units when they must be shut down; b)
special sewers and sumps to collect spills
and losses of solvents or chemical treating
agents; and c) substitution of surface con­
densers for barometrics where water and hy­
drocarbons come in direct contact.

3. Oil Removal
Since oil is the pollutant most closely

related to refining, its removal is a main ob­
jective of refinery waste control. The basic
unit for recovering oil is the gravity-type oil­
water separator, the operation of which de­
pends on the difference in specific gravity of
oil and water.

Oil and suspended solids can also be
reduced by flocculation, i.e., the addition of
chemical coagulants to produce finely di­
vided precipitates which are then agglomer­
ated into larger clumps that can be removed
by sedimentation.

Dissolved air flotation is another process
for reducing oil and suspended solids to low
levels. Its success depends on the use of
very fine bubbles to increase the rate of rise
of suspended oil or solid particles so they
can be floated to the surface for removal.

4. Recovered Oi I Treatment
Oil skimmed from API oil-water separa­

tors is not clean oil, but contains solids and
water in emulsion form and is returned for
further processing. Emulsions can be broken
up by heating, distillation or centrifuging.
Some emulsions can be broken under the
influence of a strong electrical field, some by
chemicals, some by a combination of the two.

5. Ballast-Water Treatment
Many refineries located on navigable

waters have installed facilities for the dispos­
ing of ballast water from tankers and barges.
The minimum treatment applied to ballast
water involves simple settling in ballast-water
tanks equipped with an oil-skimming device.

Such a simple installation is not always ade­
quate, and more complex and efficient fa­
cilities may be required to meet local
objectives.

6. Disposal of Spent Chemicals
Some of the chemicals used in refining

are employed in closed systems and do not
present a disposal problem. Sale is frequent­
ly the most attractive method of disposal for
other types. Caustics, for example, can be
used in pulp and paper making and as a
source of cresylic products.

Coastal refineries have disposed of
spent caustics, acid sludges and chlorinated
hydrocarbons far at sea, and such disposal
is considered to cause minimal ecological
damage.

Other disposal methods include regen­
eration, air oxidation and neutralization. In­
cineration is seldom used because refinery
waste chemicals are usually either too low in
fuel value or too high in constituents that
would cause polluting stack emissions.

Deep-well disposal has not been used
extensively for refinery wastes but its appli­
cation for this purpose is receiving careful
attention.

7. Process-Condensate Treatment
Various refinery processing operations

produce waste water containing dissolved
contaminants. These waters may have a
high-oxygen demand and strong odor, and
they may be toxic to aquatic life. Before dis­
charge to the waste-water system they are
commonly treated by stripping or oxidation.

8. Biological Treatment
Treatment by biological oxidation is a

well-established procedure for removal of or­
ganic components in waste waters. Biologi­
cal treatment depends on the use of bacteria
and other organisms to metabolize waste.
Selection of a particular type of biologica1
treatment for a particular refinery can involve
both the economics of construction and the
quality of effluent.

The activated-sludge process is an aero­
bic biological treatment process in which or­
ganic impurities are removed by microorga­
nisms suspended within an aeration tank into
which oxygen is introduced.

A trickling filter employs a gelatinous
film of slime, composed of aerobic orga­
nisms, over which waste water trickles. Both
dissolved and suspended matter are re­
moved by adsorption and then metabolized
by the organism.

Trickling filters have the advantage of
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producing less excess sludge for disposal
than the activated-sludge process, although
they are generally not capable of as high a
degree of treatment.

Oxidation and stabilization ponds con­
stitute another popular type of biological
treatment system where land is plentiful.
They depend on bacteria to stabilize organic
wastes aerobically.

An interesting innovation in biological
waste treatment by at least one refinery in­
volves the use of cooling towers as oxidation
towers. The process has been compared with
both the activated-sludge and trickling-filter
processes and has certain similarities to
each.

9. Solid Waste Disposal

The principal sources of solid wastes in
refineries are: coke fines, clays, catalysts,
tank bottoms, basic sediment in crude oil,
waste organic sludges from the various types
of biological treatment processes, water­
treatment sludges, and solids from surface
drainage.

Solids entering the refinery waste sys­
tem add to the problem of sludge disposal
from waste-water treating units, but, perhaps
more importantly, they tend to reduce treat­
ment efficiency by stabilizing emulsions and
by becoming coated with oil to the point that
they do not settle because of reduced spe­
cific gravity.

The sludge from raw-water treatment is
best handled at its source to avoid contact
with oil in the drainage system. If space is
available, such sludges may be settled in
ponds. Centrifugation and vacuum filtration
are effective dewatering methods. Sanitary
land fill is commonly used for disposal of the
solid waste from refinery operations.

Sludges containing oil, water and solids
present the most difficult disposal problems.

Refineries are now employing more
efficient methods for separating and dispos­
ing of oil sludge from water systems. The use
of centrifuges for refinery oily wastes is rela­
tively recent but increasing. Oily sludges and
emulsions can be effectively handled by
pressure or vacuum filtration. Ponding has
long been an economical method of dispos­
al. However, sludge ponds take up valuable
space and may be odor sources. It is also
becoming increasingly difficult to find satis­
factory places to haul settled sludge from
ponds.

According to recent tests, an effective,
nuisance-free method of Ultimate disposal of
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oily solids is to spread them on land where
soil bacteria consume the hydrocarbons.

Excess biological solids are produced to
some degree by most biological processes.
Anaerobic digestion of waste sludge as prac­
ticed in municipal plants is not generally ap­
plicable in refineries. Aerobic sludge diges­
tion followed by dewatering by conventional
means may be required.

10. Other Treatment Processes

Consideration is being given to the ap­
plication of a variety of so-called "advanced
waste treatment" techniques that can be ap­
plied either to special waste streams or to
the refinery effluent. Considerable research
has been conducted on the use of activated
carbon as a tertiary method of treatment to
reduce oxygen demand and threshold odor
numbers of refinery wastes to values below
those obtainable with methods now in use.
There are other examples of treatment meth­
ods which may be utilized as the degree of
treatment needed to maintain proper receiv­
ing-stream quality increases.

11. Effluent Monitoring

Effluent monitoring is used to assess the
pollution potential of the plant effluent, deter­
mine waste treatment performance, deter­
mine the effects of wastes on receiving
waters, and comply with control agency re­
quirements.

Although monitoring ordinarily is applied
to the plant effluent, it may also be conduct­
ed in receiving waters.

Chemical and physical monitoring of
effluent involves analysis of representative
effluent samples. Because protection of
aquatic life in waters is a major goal of
effluent treatment, some form of biological
monitoring in which living organisms are ex­
posed, such as fish aquariums, has very dra­
matic and directly apparent results.

Stream monitoring may take several
forms, including complete biological surveys
of receiving waters, chemical analyses, and
studies of animals living on or in bottom
mud, as well as fish, plankton and other or­
ganisms.

12. Diffusion of Effluents

A growing number of refineries are
finding it advantageous or necessary to use
some type of diffusion mechanism for mixing
and distributing or dissipating effluents in re­
ceiving waters. The use of such mechanisms
-the last phase of the waste control system
-can often reduce or eliminate undesirable



localized areas of effluent concentration by
speeding up the dilution process.

C. Waste Loads
The most comprehensive survey of refin­

ery effluent characteristics ever conducted
was carried out by the American Petroleum
Institute in 1967.74 The study assessed the
industry waste loads and current waste con­
trol practice.

Data show that average values in terms
of pounds of a particular contaminant per
thousand barrels of crude for most contami­
nants increase with increasing refinery com­
plexity. Similarly, within a given complexity
category, intermediate and biological waste
treatment procedures yield improved effluents
as would be expected. Points of significance
disclosed by the survey data are the seem­
ingly superior performance of intermediate
treatments over biological treatments for the
removal of oil and suspended solids.

SECTION 3.
ATMOSPHERIC POLLUTION CONTROL

The major potential refinery emissions
which may contribute to air pollution are sul­
fur compounds, hydrocarbons, particulates
including smoke, nitrogen oxides and carbon
monoxide.

A. Sulfur Compounds
Sulfur compounds constitute major refin­

ery emissions unless available control tech­
niques are employed.

Nearly all refinery processes generate
some gases which contain hydrogen sulfide
or other low-molecular-weight sulfur com­
pounds. Fortunately, economical techniques
are available for the removal of all but a
trace of hydrogen sulfide in the gases uti­
lized as fuel.

Combuston of residual fuel oils in pro­
cess heaters and boilers can be a significant
source of sulfur oxide. In this regard the
refining industry is confronted with the same
difficulties as other industries burning sulfur­
containing fuels. Processes for removing sul­
fur oxides from stack gases, while known,
are not currently generally employed com­
mercially.75 Processes are now being de­
veloped which can convert all residuals to
distillates and lighter products, with proce­
dures that permit removal of essentially all
of the sulfur compounds.

Regeneration of catalytic-cracking cata­
lyst by controlled combustion produces small
amounts of sulfur oxides. Procedure for the

removal of sulfur dioxide from catalytic­
cracking flue gases has not been developed,
but sulfur oxide emissions are greatly re­
duced (by 75 to 80 percent) when the crack­
ing unit feed is desulfurized by hydrogena-
tion.

Aqueous solutions from refinery pro­
cesses will normally be contaminated by hy­
drogen sulfide. The most common procedure
is to strip the hydrogen sulfide with steam.
The stripped hydrogen sulfide can be pro­
cessed in a sulfur-recovery system.

A two-stage sulfur plant is ordinarily ca­
pable of recovering 90 percent of the hydro­
gen sulfide as elemental sulfur; the remain­
ing 10 percent is emitted from the incinerator
stack as sulfur dioxide. A three-stage unit
will normally recover 95 to 96 percent of the
sulfur.

Although these units are major air con­
servation devices, their operation occasional­
ly creates locally unsatisfactory ground-level
concentrations of sulfur dioxide. New pro­
cesses are being developed to remove sulfur
dioxide from these stack gases.

B. Hydrocarbons
Hydrocarbon emissions in amounts nor­

mally released by refinery operations are in­
visible and nontoxic. Detailed surveys in Los
Angeles by regulatory agencies show that
only 10 percent of these emissions have high
reactivity. *

Refinery storage tanks are a potential
source of hydrocarbon emissions. Control
techniques are described in Chapter Six
(Storage, Transportation and Marketing). An­
other source is catalytic-cracking regenera­
tor's. Hydrocarbons are almost completely
consumed, however, when the cracking units
are eqUipped with waste-heat boilers or
heaters.

Waste-water separators may be equipped
with covers to prevent loss of hydrocarbon
vapors. Hydrocarbon leaks to the atmosphere
from pumps and compressors can usually be
controlled with proper packing and sealing,
while periodic inspection and maintenance
of all units provide adequate emissions con­
trol from miscellaneous minor sources.

C. Other Emissions
The major potential sources of particu­

late matter emissions in modern refineries
are catalytic-cracking regenerators. III

Normally, two-stage conventional cy-

* A hydrocarbon with high reactivity is one whic~

reacts readily with nitrogen oxides to form photochemi­
cal smog.
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clones are located within the regenerator
vessel for catalyst recovery and recircula­
tion. The catalyst content of the flue gas is
generally reduced by use of an additional
cyclone or an electrostatic precipitator which
treats the gas before discharge to the atmo­
sphere.

Smoke is another potential pollutant
from refinery operations. However, approx­
imately 80 percent of the fuel utilized in the
petroleum industry is natural gas, or refinery
gas, which is easily utilized without produc­
tion of smoke. Whenever liquid fuels such as
residual fuel oils are burned, adequate and
relatively inexpensive equipment is available
to prevent all but a minimal amount of
smoke.

Waste-gas. vent flares can be a major
source of smoke, which results from an inad­
equate supply of air in the combustion zone.
Smoke can be virtually eliminated by the in­
duction of additional air into the combustion
zone through injection of high-velocity steam
with flare tips.

New methods of disposing of oily wastes
and sludges make it possible for most refin­
eries to avoid burning them or to burn these
materials in a smokeless manner.

The major source of oxides of nitrogen
in a refinery is from combustion of fuel in
process heaters and boilers. The amount of
refinery emissions in an urban community,
however, is relatively minor compared with
other sources.76

The only significant source of carbon
monoxide emissions in petroleum refineries
is the catalytic-cracking regenerator. These
emissions can be eliminated by incinerating
the gases in waste-heat carbon monoxide
boilers or heaters.

D. Odors and Miscellaneous
Odors associated with minor releases of

unusual compounds are probably the most
perplexing problems associated with refinery
operations. Extremely small concentrations
well below toxic or harmful levels cause
complaints from nearby residents. However,
these odorous compounds are usually de­
stroyed by oxidation after a short time in the
atmosphere.

The increased usage of hydrogen
treating in place of chemical treating is sim­
plifying the nuisance problem of malodorous
compounds.

Good maintenance and operating prac­
tices must be employed to control odors that
can be emitted from leaking equipment.
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SECTION 4.
LIGHT AND NOISE

A. Light
On the basis of complaints by the gener­

al public, it does not appear that the average
citizen finds the light provided for general
illumination of refineries to be very objection­
able. Light produced by refinery flares, how­
ever, is quite unlike that associated with gen­
eral illumination.

During normal refinery operations, the
flame is so small in size that the effect on
overall illumination is negligible. However,
when starting up or shutting down plants, or
when process upsets occur, the venting rate
to the flare will increase suddenly, with a pro­
nounced increase in size of the flame and
accompanying light. Annoyance can be min­
imized by placing the flares well away from
residential areas or other locations where
they are exposed to the public.

B. Noise
The major noise sources in oil refineries

can be classified into four general catego­
ries: (1) noise produced by moving fluids
confined within the process system, (2) noise
produced by high-velocity jets of gas or va­
por discharging to atmosphere, (3) noise pro­
duced by mechanical equipment, and (4)
noise produced by combustion processes.

The noise associated with fluid move­
ment originates from severe turbulence or
vibratory impulses. In many cases, problems
can be avoided by careful attention to design
of piping system and selection of specialized
equipment.

Noise from atmospheric vents can be
controlled by limiting velocity and providing
silencers.

With the exception of air coolers, most
of the noise generated by mechanical equip­
ment is usually only a problem within the
refinery and seldom disturbs the community.

Reduction of noise from combustion pro­
cesses has posed a difficult problem for the
industry, but progress in its solution is being
made as a result of cooperative efforts be­
tween refineries and suppliers.

On new plants, noise abatement begins
with the selection of quiet equipment. In ad­
dition, there is usually sufficient flexibility in
the layout and arrangement of facilities to
allow higher noise sources to be located re­
mote from the community, or to take advan­
tage of shielding provided by other facilities.

Noise abatement on existing facilities is
more difficult and apt to be quite costly.



Chapter Six:

Storage,
Transportation and
Marketing
SECTION 1.
BASIC OPERATIONS

A. Normal Operations

Fortunately, from a pollution standpoint,
liquid petroleum is handled almost exclusive­
ly in what, except for points of transfer, is
essentially a closed system from source to
customer. This is also true of natural gas.

B. Abnormal Operations

Petroleum systems are designed to hold
the number of abnormal occurrences or
upsets to a minimum, and emergency sys­
tems are available to accommodate the
unexpected.

SECTION 2.
WATER AND LAND POLLUTION CONTROL

A. Storage of Petroleum and Its Products

1. General Causes of Spillage

In petroleum storage, liquid spills are
the only significant contribution to pollution,
and their sources and causes are much the
same wherever the storage tank is located.
They include human error during transfer
operations, leakage because of corrosion
or othe r deterioration, and ruptu re by
accidents.

Keys to prevention include highly
trained and responsible operating people, in­
hibition of corrosion, frequent inspection,
and-in the case of offshore facilities­
adequate warning systems for major storms
and ocean shipping.

2. Offshore Storage Methods and Problems

While most current U.S. offshore produc­
tion is best delivered to shore by pipeline,
the trend toward exploring in deeper waters
may make offshore storage economical.

Overseas, such facilities are now being
operated in water depths up to 200 feet.
Types include above-surface, floating, semi­
submerged, submerged-moored, and bottom­
supported. An example is a 500,000-barrel

bottomless conical tank in the Persian Gulf
off Dubai.

Damage to offshore storage-and con­
sequent loss of oil-could occur because of
hurricanes, collision by seagoing vessels,
blowouts at adjacent wells or fire. Certain
structures could also be undermined by wave
action.

Fire control systems are generally auto­
matic, while adequate structural strength and
stability must be engineered into the facility.

B. Transportation of Liquids by Pipeline

1. On Land

Considering the extent of the U.S. petro­
leum pipeline system and the volumes of
crude and products moved, losses from spill­
age are remarkably low: approximately
6/thousandths of 1 percent of the volume
moved annually, according to recent reports
of the Department of Transportation.

Principal causes of pipeline accidents in
1970, again according to the Department of
Transportation, were external corrosion (42.8
percent), outside sources such as earth­
moving equipment (20.2 percent), and oper­
ating error (3.8 percent).

Properly applied coating and adequate
cathodic protection are the keys to prevent­
ing corrosion leaks, along with periodic in­
spection and testing of the line.

Block valves, line-pressure sensors and
automatic shutdown equipment are among
the safety factors that reduce the loss of oil
and consequent threat of pollution when
leaks do occur.

2. Offshore
Offshore pipelines are laid on the sea

bottom, sometimes in trenches to protect
them from the current. Structural strength of
the pipe is important because of such out­
side forces as current and waves, and partic­
ular care must be taken to be sure the pipe
is not damaged by faulty construction prac­
tices that make it susceptible to failure while
in use.

Pipeline terminals offshore must be pro­
tected against damage from storms or ship
collision. Mechanical damage to the pipeline
itself can occur from such causes as drag­
ging anchors of ships.

C. Transportation of Liquids by Tankers and
Barges

1. Sources and Causes of Spillage

While tankers present the potential for
large-scale spills, studies indicate that more
total sea pollution may result from the daily,
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permissible, discharges from other vessels.
The following statistics indicate the size and
complexity of the problem:

• Vessels Over 1,000 Gross Tons­
International

13,832 Naval Vessels-all types
10,974 Dry Cargo Freighters

3,967 Tankers
2,676 Bulk Carriers

832 Refrigerated Vessels
966 Passenger-Freighter Com­

binations

33,247 Total

• Vessels 1,000 Gross Tons or Under­
U.S. Registry

42,242

• Pleasure Craft-Non-certificated-U.S.
Registry

5,000,000 +
Tank washing and dirty ballast dis­

charges by ocean tankers engaged in inter­
national trade are a major cause of oil pollu­
tion at sea. Others are the pumping overboard
of bilges and the discharge of raw sewage
and food waste from literally millions of craft,
large and small, on both ocean and inland
waterways.

2. Methods of Improvement

The U.S. petroleum industry is among
the sponsors of research to improve equip­
ment reliability, inclUding better ship designs
and navigation systems, which in turn mini­
mize pollution.

To combat pollution from oily tank wash­
ings or ballast, the industry has instituted
"Ioad-on-top" procedures and, in some
instances, installed on-board oil-water
separators.

Control of bilge pumpings from all ves­
sels may be accomplished by the develop­
ment of an on-board separator or the instal­
lation of holding tanks. The latter would be
more comprehensive, but it would also re­
quire construction of adequate disposal facil­
ities at terminals, shipyards and marine fa­
cilities.

Most new mammoth tankers are
equipped with loading control facilities that
minimize the chance of a spill attributable to
human error during transfer of cargo.

Good maintenance practices on ship­
board and the sound basic design of the
vessel are other important factors in prevent­
ing spills.

Improved education and training of
officers and crew-geared to the size and
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design of the vessel-pius more stringent
navigation and traffic controls in crowded
waters, will help reduce the possibility of
spills caused by collision or grounding. Im­
proved transportation support services, such
as weather forecasting and navigational aids,
would assist to minimize such accidents.

Increasingly coordinated efforts are
needed between federal agencies and the
shipping industry concerning marine oper~

ations and regulations. Efforts must continue
through international organizations to im­
prove international standards of vessel de­
sign and operation to prevent pollution.

D. Marketing of Products

1. Sources and Causes of Spillage and
Wastes

In loading and unloading light petroleum
products at terminals, bulk plants and ser­
vice stations, spillage and resultant pollution
can occur.

Improper disposal of used lUbricating
oils and other wastes from marketing oper­
ations is a potential source for pollution, al­
though not a major one at present because
of industry efforts to assure proper disposal
procedures.

2. Methods of Prevention

An estimated 10 percent of the nation's
3,000 petroleum terminals have already in­
stalled some type of automated system de­
signed to close down operations unless valv­
ing and safety devices are operating
properly.??

Much has been done to reduce corro­
sion of underground steel tanks at service
stations,7B and fiber glass tanks not subject
to corrosion are being used increasingly-as
are underground leak-detectors.

Service station operators generally col­
lect used lubrication oils in underground stor­
age tanks.79 The services of sludge, solid
and liquid waste-disposal contractors are
generally available to remove these products
from the storage tanks.

The most promising method for ultimate­
ly disposing of waste oil is blending it with
fuel oil as a boiler feedstock.

SECTION 3.
AIR POLLUTION CONTROL

A. Storage of Oil and Gas
1. Sources of Vapors

Hydrocarbon vapor is the principal con­
taminant involved in petroleum storage. In



addition, objectionable odors may be caused
by emissions of sulfur or nitrogen com­
pounds. Emissions from storage vessels are
generally caused by evaporation of liquids or
boil-offs of liquefied gases.

2. Types of Storage Facilities

The type of storage facility required de­
pends primarily on the volatility of the liquid
to be stored. Lower volatility products, such
as crude oil, can be stored in fixed-roof
tanks. Floating-roof tanks are used for storing
gasoline and other highly volatile sub­
stances. Conservation tanks include those
with lifter-roof and internal, flexible dia­
phragms or internal plastic floating-blankets.

Products still more volatile than gaso­
line, such as propane and butane, must be
stored in closed pressure vessels. Under­
ground storage has also been developed for
liquefied petroleum gases (LPG), while
liquefied natural gas (LNG) requires refriger­
ated storage.

3. Methods of Control

The control of emissions from oil and
gas storage facilities not only reduces air
pollution but reduces fire hazards and helps
recover valuable products. Studies generally
show that pollution by reactive hydrocarbons
from petroleum storage tanks is so small that
controls for pollution-control reasons alone
can seldom be justified.

Several methods of controlling emis­
sions are generally used, among them varia­
ble vapor space systems. As storage tanks
are filled or emptied, or when the tempera­
ture changes, vapors are displaced into and
out of a special vapor holding tank. Excess
vapors are piped into a fuel system or to a
smokeless flare for incineration. Vapor recov­
ery systems operate much the same way,
except that certain substances in the emis­
sions are recovered.

Use of selected materials, such as prop­
er paints for tank shells and roofs, and
equipment can assist in controlling emis­
sions. Plastic foam has also been proposed
as a means to reduce evaporation losses.8o

SchedUling liquids into and out of stor­
age tanks so that they are pumped in during
cool hours, withdrawn during warm hours,
and pumped at short-time intervals can re­
duce emissions.

B. Transportation of Oil and Gas

1. Sources of Vapors

Hydrocarbon vapors are the major air
contaminants associated with petroleum
transportation. Thei r emission occurs primar­
ily during filling operations of tank-type
carriers.

2. Methods of Control

In either the bottom-loading or over­
head-loading types of filling operations,
some hydrocarbon vapors are displaced as
the tank is filled. In the overhead method, a
submerged filling technique results in lower
hydrocarbon vapor concentration. Marine
tankers are usually filled using the bottom­
loading method; tank vehicles and rail tank
cars use both.

Effective collection systems have been
developed for the control of vapor emissions
during loading operations.

C. Marketing of Petroleum and Products

1. Sources of Vapors

As in storage and transportation, the sig­
nificant pollutant in marketing is hydrocarbon
vapors.

While delivery from terminal to service
station is a marketing function, losses to the
atmosphere at this stage are negligible. How­
ever, hydrocarbon vapors are displaced from
the station's underground storage tanks as
they are filled. Submerged filling devices re­
duce the amount of these emissions.

Hydrocarbon emissions at service sta­
tions are responsible for only about 3 per­
cent of total hydrocarbon emissions in
uncontrolled urban areas.81 Gasoline-powered
motor vehicles themselves account for 52
percent. However, better information is
needed on how much loss is actually incurred
during the refueling of automobiles.

2. Methods of Control

It is not practicable to convert hydrocar­
bon vapors back to liquids at service sta­
tions. Instead, some form of vapor-for-liquid
recycle seems technically feasible, although
its cost-effectiveness is open to question.

Useful research could be continued on a
means of eliminating vapor space in the au­
tomobile fuel tank.
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TABLE 11. Past Major Oil Spills

Iy to be involved, and (3) the size of the spill
will probably be more than 5,000 barrels. The
spill will probably occur within a few miles of
shore, and the duration of the spill incident
will be more than five days. The shoreline
threatened by the spill will be at least partial­
ly recreational, with a reasonable chance
that only light coastal contamination will oc­
cur. Further, it is fairly likely that the spill will
occur within 25 miles of a port suitable for
staging control action, and more likely not
more than 50 miles from such a port.

B. Geographic Regions of Primary Interest

In order to determine which coastal
areas should receive primary attention re­
garding oil-spill control preparedness, Dil­
lingham, utilizing statistical data on petrole­
um volumes, outlined those coastal regions
with a large volume of tanker traffic in which
large quantities of heavy oils are being trans­
ported. These include the Northeastern
regions extending from Virginia to Maine, in­
clusive, where close to' 2 billion barrels of
petroleum products are handled annually;
and the Central and West Gulf Coast regions
from Alabama to Texas, inclusive, where ap­
proximately 1.3 billion barrels are handled
annually and where the most extensive
offshore oil fields in the world are located.
Other regions with lesser volumes include
the Florida Straits, with an annual transit of
over 400 million barrels; the Pacific Coast's
major ports, handling between 80 and 200
million barrels each; and the Panama Canal
Zone with approximately 100 million barrels.

Comparison of the locations of 19 major
spills in U.S. waters with areas designated as
of critical or major importance shows that 15
of the 19 spills, or more than 75 percent,
were in or near the areas designated. This
close relationship tends to reinforce the ra­
tionale used in selecting areas likely to ex-.
perience future spills.

Chapter Seven:

Major Oil Spills

Oil spills, large and small, have long
been of concern. Unfortunately, as with oil­
well blowouts, mechanical and human fail­
ures and the hostility of the environment can­
not be completely removed as causes of oc­
casional oil spills.

A recent comprehensive study by the
Dillingham Corporation for the American Pe­
troleum Institute included, among other
things, (1) an analysis of past major spills, (2)
a delineation of geographic regions of prima­
ry importance, and (3) an analysis of the en­
vironmental characteristics which could
affect and be affected by oil spills.82

SECTION 1.
CONDITIONS ATTENDANT TO SPILLS

A. Relevant Facts About Past Major Oil
Spills

Classification of an oil spill as major or
minor is a value judgment usually based on
the volume of oil spilled. Numerous leaks,
spills and seepages of varying volumes have
been recorded. Dillingham chose to limit
their discussion to spills over 2,000 barrels
and to label them "major."

Information was compiled on 38 such
spills which occurred during the period from
1956 through 1969. The examination included
the location of the incident, the petroleum
product involved, the quantity of materials,
the rate of spillage, the nature of any water
or shoreline contamination that resulted, the
duration of the incident, the weather condi­
tions during the incident, the type of shore­
line affected, and the control approach that
was employed. A summary of the findings
follows in Table 11.

Thus, on the basis of their analysis of
past spills, the typical situation that will be
encountered in a massive offshore spill is
that (1) the source of the spill is likely to be a
tanker, (2) crude or residual fuel oils are like-

Source
Composition
Volume

Distance
offshore

Duration

Extent

Coastline

Distance
from port

75% were associated with vessels
90% involved crude or residual oils
70% of the spills were greater than
5,000 barrels
80% occurred within 10 miles of the
shoreline
75% of the spill incidents lasted
more than five days
80% contaminated less than 20
miles of coastline
85% occurred off shoreline consid­
ered to be recreational
75% were within 25 miles of the
nearest port
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C. Environmental Factors Affecting Control

In examining the environmental charac­
teristics associated with a major oil spill in
coastal waters, an analysis was made of
those factors which appear to be most sig­
nificant with regard to their effect on floating
oil and possible constraints on control ac­
tivities:

• Little effective control action is possible
from smaller vessels in wave heights
above 6 feet.

• Contaminant booms or oil recovery
devices are not useful in wave heights
above 3 feet.

• Wind data should be maintained to pre­
dict the approximate direction of a drift­
ing oil slick and the onshore area most
likely to be affected.

• Successful containment of floating oil is
unlikely where surface currents of 1 knot
or better are setting the oil against a
floating boom or fence, or, conversely,
where the boom is being moved through
the water toward the oil at this speed.

• The effects of tides, in addition to gener­
ating tidal currents, may significantly
complicate shoreline protection and
cleanup where large tidal ranges are
experienced.

• Changing tides will distribute oil over a
band on the beach marked by the high­
and low-water lines.

• Low air or water temperatures increase
the viscosity of the oil, thus increasing
the tendency of the heavier fractions to
persist.

• Temperatures above 60 degrees
Fahrenheit appear to be necessary for
successful use of dispersants.

• Poor visibility because of fog, rain or
snow may have the most significant
effect by restricting vessel operations
and by limiting observation of drifting oil
slicks.

SECTION 2.
OIL-SPILL CONTROL MEASURES

A. Containment and Recovery

1. Mechanical Methods
Spilled oil can be contained by floating

booms constructed to prevent the oil from
carrying under or slopping over. Booms are
used primarily to contain oil by encirclement,
to sweep oil to a collection point, or to direct
oil by forming a barrier along which a slick
moves to a collection point. Currently avail-
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able booms are ineffective for containing oil
except in protected harbors and calm inland
waters. However, for such service, they are
easily positioned and are effective.

Air barriers have been used in harbors
at oil tanker terminals, but to be successful
must be tailored for each installation. They
have been found effective in offshore oper­
ations.

Containment of ocean-floor seeps has
been accomplished by using underwater
hoods or tents to collect the seep oil and
carry it to surface containers through flexible
piping.

Mechanical devices for recovering
floating oil fall into three classifications: oil
adhesion, open skimmer and floating-surface
skimmer. None of these systems are satisfac­
tory for recovery of large oil spills in heavy
seas.

2. Use of Sorbent Materials
Next to containment and mechanical

recovery, the sorption of oil and subsequent
removal of sorbent from the water surface
provides the most desirable method of oil­
spill control. Generally speaking, sorption
materials present logistical problems of both
dispersal and collection which are not ade­
quately met with present equipment. Dispos­
al of oil-soaked mixture can be by inciner­
ation or landfill.

B. Treatment

1. Natural Processes
There is substantial evidence that many

microorganisms in both saline and fresh
waters have great capacity to degrade hydro­
carbons. Given no other problems, the best
treatment of an oil spill would be the natural
dispersion by winds, waves and currents,
and microbial degradation. Unfortunately,
this natural treatment is precluded except
when prevailing winds and currents carry the
oil away from shorelines and areas of habita­
tion, recreation and commerce. Biological
conversion of spilled oil could possibly be
accelerated by addition of nutrients and agi­
tation.

2. Combustion
Destroying oil slicks by combustion has

been attempted, but with little reported suc­
cess. Generally, ignition in the early periods
of an oil spill is not desirable because of
danger to both personnel and property. After
weathering on the ocean surface, crude-oil
volatiles are lost, making ignition and contin­
uous burning difficult.



3. Sinking

Materials for sinking oil have been avail­
able for many years, but their use has never
been widely accepted because of objections
by regulatory agencies responsible for fish
and game. There is widespread concern that
sinking merely transfers a pollution problem
from the water surface to the bottom envi ron­
ment.

4. Dispersants

Chemical dispersants have been widely
used to control past oil spills. There are a
large number of effective products available
and their method of application is relatively
simple. However, the use of dispersants is
frequently restricted because of the possibili­
ty of toxicity to marine life, espcially in en­
closed or shallow waters.

C. Contingency Plans and Cooperatives

Late in 1969 the American Petroleum In­
stitute prepared and distributed to the indus­
try a model contingency plan dealing with oil
spills. 83 In addition, the API has been urg­
ing its member companies to form harbor
cooperatives for the pooling of equipment
when an oil spill occurs beyond the capabili­
ties of the individual company. In early 1970
there were 42 such industry cooperatives in
existence and 35 more under development.

. ~.. , .'.. ':

D. . Cleanup and· Rehabilitation

Cleanup and rehabilitation entail a tre­
mendous variety of problems, particularly
when beaches are involved.

1. Beaches and Harbors

As shown by the Torrey Canyon experi­
ence, the use of detergents and dispersants
in sea operations can make cleanup of sandy
beaches particularly difficult by forming a
detergent-laden quicksand. Greater success
with the particular oil involved was obtained
by the use of straw to collect oil at sea and
on beaches, followed by the removal and dis­
posal of the oil-soaked straw. Such straw
mulches were also successfully used in

beach cleanup following the Santa Barbara
spill.

Boats fouled by surface oil present an­
other cleanup problem when harbor areas
are involved.

2. Marine Life and Birds
Crude oil has a variable toxicity to ma­

rine organisms, depending on its composition
and period of weathering. Once the volatile
fractions have evaporated, the residue is
relatively nontoxic to marine life except
birds. It is possible to reduce the impact of
an oil spill on seabirds through prompt re­
trieval and correct treatment.

E. Research Needs
Much research is needed on contain­

ment and recovery methods at sea and a
considerable effort is under way. Current
efforts must be continued and additional
funds allocated for oil spill control research.
This is an appropriate area for joint industry­
government effort.

In addition to research efforts on con­
tainment and recovery of oil at sea, some
other specific areas for research to improve
control are:

• Methods of off-loading tankers at sea in
an emergency situation.

• Methods of identifying oi Is, both in pro­
ducing areas and in transportation, for
proper identification of sources of pollu­
tion.

• Definition and classification of oil-spill
treating agents for both offshore and on­
shore, to provide guidance and safe­
guards in their use.

• Advanced techniques for rapid and
efficient beach and shoreline cleanup,
restoration of these areas, and methods
of disposal of cleaned-up oil.

• Development of improved material spec­
ifications, testing procedures and in­
stru mentation.

• The fate and behavior of oil on water
and its true effect on the marine environ­
ment.
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Chapter Eight:

The Fundamentals
of Product Use

The demand for petroleum products has
grown enormously in the past quarter century
in both volume and complexity. During this
period demand for all products has in­
creased from less than 5 million barrels a
day to almost 15 million barrels a day in
1970. The most spectacular growth has been
in the use of aviation fuels, where consump­
tion has increased approximately 30 times
the amount used at the end of World War II.

The quality of virtually all petroleum prod­
ucts has been improved significantly during
this period. The result has been more effi­
ciency with less polluting emissions, such as
those caused by sulfur.

SECTION 1.
PETROLEUM FUEL DEMANDS
SINCE WORLD WAR II

Petroleum products provide a major part
of energy for transportation, a I substantial
part of the energy for the production of elec­
trical power, and the raw materials for many
of the products throughout our economy.
They provide the mobility required for nation­
al security and contribute greatly to the
economic welfare of our society.

The chief factors contributing to the rap­
idly growing demand for petroleum are the
increasing population and the rapid growth in
the demand for energy. The U.S. per capita
demand for petroleum products has more
than doubled since World War II. Table 12
summarizes the U.S. growth for all oil prod­
ucts since 1946.

The sal ient statistics of the factors affect­
ing the demand for petroleum products are
shown in Table 13.

The United States has become a nation
on wheels. Four out of five workers use an
automobile for commuting to and from work.
Over 80 percent of the vacationing public use
their own automobiles for transportation. The

TABLE 12: U.S. Domestic Petroleum Product Demand by Uses *
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TABLE 13: Factors Affecting U.S. Petroleum Product Demand

UNITED STATES 1946 1950 1955 1960 1965 1970

Total Population (OOO's) m __mm 141,936 152,271 165,931 180,864 194,572 205,400

Per Capita Income Current $ 1,249 1,496 1,876 2,215 2,746 3,334

Per Capita Income
Constant 1958 $ _________ 1,810 2,027 2,157 2,507 2,521

GNP'-Billion Current $ _____ 211 285 398 504 676 977

GNP-Billion Constant
1958 $ _nm_n_____________ 313 355 438 488 610 724

FRBt (1957-9 = 100) _______ m 60 75 97 109 143 168
Motor Vehicle Registration

(Millions) _____m __m 34.2 49.2 62.8 74.5 91.8 109.0
Passenger Cars ____________ 28.2 40.3 52.1 62.3 76.6 89.9

Trucks and Buses _mm_ 6.0 8.9 10.7 12.2 15.2 19.1

, Gross National Product-a measure of total goods and services produced by the nation.
t Federal Reserve Board Index-a measure of the nation's industrial production.

* Estimated.

1946 1955 1965 1970

28.20 52.10 76.60 89.86
5.05 3.20 2.61 2.29
0.75 1.07 1.29 1.42

TABLE 14: Factors Affecting U.S.
Gasoline Demand

with oil; this increased to 11.2 million homes
by 1969.

The demand for residual fuel oils for
heating large buildings rose substantially af­
ter the War because of the large increase in
new construction of such buildings. In the
past few years the demand for residual fuel
oils has taken a sharp increase as a result of
industrial and electrical power plant usage.
Nuclear power generation has not developed
as rapidly as previously anticipated and coal
has not been able to fill the increasing de­
mand for low-sulfur fuels. During the period
from 1946 to 1970, residual fuel oil has ex­
perienced an overall growth rate of 2.2 per­
cent a year. However, annual growth for this
fuel increased 8 percent in 1969 and over 11
percent for 1970.

Liquefied petroleum gas (LPG) is a
large-volume product which has experienced
an overall growth rate since World War II of
approximately 10 percent a year and has
continued at a rate of about 5 percent since
1960.

10.288.617.364.94

Annual Gasoline
Usage

Bbls. per person
Bbls. per

household __ 19.20 27.40 28.70 33.41
Gallons per car __ 665 644 649 735'

No. of Passenger
Cars, Millions,
Year End ..mm·_·

Persons per Car m_

Cars per Household
Total Gasoline De-

mand (MB/D per
Billion Current $
GNP) ._m n_n.. 9.55 9.18 7.19 6.22

Population (Midyear
Millions) Total _. 141.94 165.93 194.57 205.40

trend in automobile use and its effect on
gasoline demand is shown in Table 14.

Air travel developed rapidly after World
War II, causing rapid growth in the demand
for aviation gasoline. The jet age began in
the 1950's, creating a demand for an entirely
new fuel. Faster and larger planes were re­
quired to supply the very rapidly increasing
demand for air travel. Although Americans
travel more than the rest of the world com­
bined, air travel in the United States is still in
the early stages of growth.

The demand for oils for space heating
increased sharply after World War II chiefly
because of the switch from coal to oil and
gas for home use. Today almost two-thirds of
the hom'es are gas heated. In 1946, 2.7 mil­
lion homes in the U.S. were centrally heated

SECTION 2.
PRODUCT DEVELOPMENT­
CHARACTERISTICS AND IMPROVEMENTS

A. Motor Fuels
1. Motor Gasoline

Since World War II gasoline has
changed from a rather simple hydrocarbon to
a product made by careful blending of refin­
ery stocks prepared by involved new pro­
cesses and special additives developed in
extensive research programs. The most out­
standing change in gasoline during this peri­
od has been vast improvement in antiknock
quality. Higher octanes have permitted auto-

80



mobile manufacturers to produce high-com­
pression, high-performance engines with
better fuel economy and/ or increased power,
depending on the consumers' desires. Higher
octanes have been obtained largely by new
refining technology and processing, including
better desulfurization of gasoline blending
stocks which has made the lead antiknock
additives more effective. During this same
period the control of gasoline volatility has
improved, contributing to better engine per­
formance.

Many of today's gasolines contain spe­
cial detergent or dispersant additives to help
maintain a clear carburetion system, result­
ing in improved engine performance, better
mileage in city driving, reduced carburetor
maintenance and reduced exhaust pollutants.

At present, active consideration is being
given to regulations limiting lead alkyl con­
tent of motor gasolines. The primary reason
for these considerations is the expectation
that low-lead or unleaded fuels will permit
better operation of advanced control systems
on automobiles. Voluntary action on the part
of the oil industry has already resulted in
general availability of low-lead and unleaded
gasolines. This trend will undoubtedly contin­
ue, bringing about increasing supplies of
these types of fuels and will result in major
investments for new refinery facilities.

2. Diesel Fuels

Like gasoline, distillate diesel fuels for
use in automotive diesel engines have been
changed during the past several years to
meet requirements imposed by changes in
engine design and operation. The most sig­
nificant change in diesel fuels has been
through the use of hydrogen treating in refin­
eries primarily to reduce sulfur content. In
addition, fuels have been gradually improved
in viscosity and volatility, which has de­
creased engine deposits, smoke and odor.
Railroad diesel fuels have not changed sig­
nificantly since the large diesel engines used
in railroad service operate satisfactorily on
fuels with less exacting specifications.

The use of additives in diesel fuels has
become more common to provide improve­
ments such as lower pour points, ignition
quality and storage stability. Recent air pollu­
tion regulations have generated an increased
interest in antismoking additives.

3. Aviation Fuels

a) Aviation Gasoline

Quality control is particularly important
in aviation gasoline production since engine

failure is a very serious matter. Antiknock
control is especially critical because, unlike
the motorist, the pilot is not able to hear an
engine knock over the noise level. Other im­
portant quality factors are volatility, freezing
point, heat of combustion and oxidation sta­
bility. Quality control surveillance and close
process control have enabled the industry to
produce a uniform-quality premium product.

b) Jet Fuels

Commercial kerosine was first used as a
fuel in early development on jet aircraft since
it provided the necessary volatility and was a
readily available commercial product of
rather uniform characteristics. Jet fuels are
exposed to both high and low temperatures
in use. Therefore these fuels must have very
low freezing points and must be stable when
exposed to high temperatures. The JP-4 and
JP-5 military jet fuels and equivalent com­
mercial fuels have thermal stability proper­
ties satisfactory for operations up to speeds
of Mach 2. Additives are important and at­
tractive methods of producing jet fuels capa­
ble of meeting these severe requirements.

4. Other Petroleum Motor Fuels

liqUid petroleum gas has been used as
a motor fuel since the 1920's in bus, truck
and taxi fleet operations which have a cen­
tral servicing center. The use of compressed
and liquefied natural gas as a motor fuel is a
recent development proposed for urban use
in service vehicle fleets.

B. Heating and Industrial Fuels

1. Distillate Fuel Oil

Distillate fuel oil can be defined as Nos.
1, 2, and 4 heating oils, diesel oil and indus­
trial distillates. Grade NO.2 fuel oil is the
designation given to the heating or furnace
oil most commonly used for domestic and
small commercial space heating.

The period since World War II has seen
marked changes in both the quality of home
heating oils and the manufacturing tech­
niques employed in producing them. Domes­
tic heating oil should form no sediment in
storage and leave no measurable quantity of
ash or other deposits on burning. It should be
fluid at storage conditions encountered dur­
ing the winter months. The composition of the
product must be controlled to assist in reduc­
ing smoke emission. Low-sulfur content has
become quite important. The fuel must have
a light color, an attractive appearance and
an acceptable odor. It is these properties,
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along with sulfur removal, which have under­
gone the greatest change in the past 20
years.

In the early 1950's, hydrogen treating
was adopted as a means of reducing the
sulfur and nitrogen compounds content of
fuel oil. Carbon residue is reduced to less
than 0.10 percent. Hydrogen-treated products
are of excellent quality from the standpoint
of both a change in color and in sludge
formation during storage.

The superior processing techniques
used in producing fuel oils today, coupled
with the improvements and developments in
additives, result in a cleaner-burning prod­
uct. The reduction in sulfur has been a sig­
nificant improvement in air pollution.

2. Residual Fuels

Residual fuel oil can be defined as Nos.
5 and 6 heating oils, heavy diesel, heavy
industrial and Bunker C fuel oils. Typically
these fuels are used to provide steam and
heat for industry and large buildings, to gen­
erate electricity and to power ships.

After the War, refining processes in the
United States have continued to become
more efficient in producing more profitable
products until residual amounts to only about
8 percent of the crude refined.

Methods for desulfurizing residual oils
have been developed and are being utilized
as air pollution reqUirements become more
widespread. The oil industry and boiler man­
ufacturers have stepped up their efforts con­
siderably in the areas of desulfurizing fuel oil
and flue gas and reducing fuel oil metals
content. Some of the problems in making use
of residual oil as a fuel have been alleviated
by improvements in burning and handling
eqUipment and engineering practices.

Future advances in technology, particu­
larly hydrogenation processes, will probably
reduce the amount of residual oil while in­
creasing the production of more valuable
products, based on past relationships of prod­
uct values.

3. Liquefied Petroleum Gas (LPG)

LPG has taken on increased importance
during the past few years. The extensive use
of catalytic cracking and catalytic reforming
processes and the growth in hydrocracking
have resulted in the production of large
quantities of refinery LPG in addition to the
production from natural gas processing. Prior
to the start of the tremendous growth in the
use of LPG in ethylene production, the major
use was for household and iridus~rial fuel,
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although LPG has long been used to a lim­
ited extent as a motor fuel.

C. Other Petroleum Products

1. Petroleum Solvents

A variety of petroleum solvents are pro­
duced and critical specifications are largely
a function of the end product use. For exam­
ple, rigid specifications are required for pe­
troleum solvents used in the paint industry.
These products must contain no materials
that would discolor pigments. They must pos­
sess low odor for interior paints. Control
devices make it possible to maintain consis­
tent product quality under even the most rig­
id specifications.

2. Asphalt

The heaviest fractions of a great many
crude oils include natural bitumens or as­
phaltenes and are generally called asphalt.
Actually this material is the oldest product of
petroleum and has been used throughout
recorded history. However, new uses and
new demands for asphalt are continually
being developed. The industry has satisfied
these demands by changing processing and
types of crudes and by improving storage,
transportation and blending facilities.

SECTION 3.
THE MANAGEMENT OF CHANGE

In manufacturing and marketing new
products for the public needs over the years,
just as in other industry operations, the oil
and gas industries have gathered a vast
amount of experience in the factors affecting
efficient management of the wide variety of
changes required to meet those needs.

Economic factors always come to bear
on both the industry and the consumer, with
the free-enterprise system permitting the
forces of competition to ensure that the nec­
essary products are provided to the consumer
at the least cost. By limiting its controls to
specification of performance standards, gov­
ernment will encourage individual innovation,
with "marketplace regulation," and thus tend
to obtain the optimum environmental quality
control for each dollar of expenditure, yet
avoiding governmental discriminations among
competing enterprises.

A. Research tor Progress

Petroleum industry research, on both a
cooperative and an individual company ba­
sis, has contributed to a better understanding
of atmospheric chemistry and to progress in



the development of technology for controlling
emissions from both mobile and stationary
sources. The cooperative aspects of this re­
search effort have been carried out in a vari­
ety of ways.

Within the framework of the antitrust
laws, cooperative research by the petroleum
industry will continue in the future with
related industries and government. Major
specific needs for such further research in­
clude:

• Health effects of emissions into the at­
mosphere

• Fuel-vehicle system to produce a "pol­
Iution-free car"

• Desulfurization of fuels and stack
gases

1. Industry Association Research

Pioneering research in air pollution was
begun by the American Petroleum Institute in
1953. Early research demonstrated that hy­
drocarbons and organic matters in the air
react with oxides of nitrogen in sunlight to
produce photochemical smog of the type
found in the Los Angeles Basin. In 1966 and
subsequent years the research program was
SUbstantially expanded and aimed toward
resolving questions in the engineering, scien­
tific and environmental health aspects of sul­
fur content of heavy fuels, lead levels in
motor fuel, volatility and light hydrocarbon
characteristics of gasoline, and related sub­
jects. Research is continuing.

This activity has resulted in a closer li­
aison between the petroleum industry and
government legislative and regulatory bodies
and has supplied the industry with funda­
mental technical information on air pollution.
Much of this information has also been help­
ful to government bodies in developing
workable laws and regulations directed to air
pollution abatement.

2. The Coordinating Research
Council (CRG)

An outstanding example of an organiza­
tion created as a vehicle for cooperation is
the Coordinating Research Council (CRC),
which provides an effective forum for the var­
ious segments of the automotive and petrole­
um industries to work together in noncom­
petitive problem areas.

To obtain the answers and arrive at a
clearer understanding of the contribution of
vehicle emissions to atmospheric pollution,
the Coordinating Research Council, through
its Air Pollution Research Advisory Commit-

tee (APRAC), has implemented a mUltimil­
lion-dollar research program covering the en­
gineering, atmospheric and medical aspects
of air pollution attributable to vehicle sources.
This program, initiated in 1968, covers a
three-year period at a direct cost of over $12
million and is supported by the API, the Auto­
mobile Manufacturers Association and, on
selected projects, by the Environmental Pro­
tection Agency. Continuation beyond 1971 is
planned.

3. Inter-Industry Sponsored Programs

The Inter-Industry Emission Control
(IIEC) Program was formed by a major motor
company and a prominent oil corporation in
April 1967, and now comprises these two
companies plus nine others. These compa­
nies are conducting a multimillion-dollar re­
search program to eliminate objectionable
levels of automotive emissions.

The IIEC objectives are to achieve auto­
motive emission levels no higher than 65
parts per million of hydrocarbons, 0.3 per­
cent carbon monoxide, and 175 parts per
million of nitrogen oxides. A portion of the
IIEC program already has moved out of the
research phase into the developmental and
test-work phase.

In July 1967, representatives of two oth­
er well-known automotive and oil companies
joined technical forces in a coordinated
effort to develop low-level emissions control
systems for gasoline-powered vehicles com­
patible with good driving performance at a
reasonable cost. An example of the fruits of
such cooperative efforts is a workable sys­
tem for virtually eliminating the evaporation
of hydrocarbons. Evaporation control sys­
tems were installed in the 1970. cars in Cali­
fornia and are being installed nationwide in
1971 cars.

A recent SAE paper described the re­
sults of tests of the effectiveness of several
emissions control concepts (thermal oxida­
tion, catalytic oxidation, dual catalytic reac­
tor, combined thermal and catalytic oxida­
tion) on emissions of hydrocarbons, carbon
monoxide and nitrogen oxides.B4 It is sig­
nificant that none of the test cars eqUipped
with the most advanced control systems de­
veloped will meet the 1970 Clean Air Amend­
ments emissions standards.

4. Company-Sponsored Research
In any highly competitive industry such

as the oil and gas industry, individual, com­
peting companies carryon intensive pro-

83



grams of research and development to im­
prove products and operations.

Investments by the petroleum industry
for conservation of the environment already
have been substantial and will undoubtedly
increase in the future. In addition to capital
expenditures there have been increased ex­
penditures for research and development.

Expenditures for research and develop­
ment in air conservation increased 35 per­
cent between 1966 and 1967 and expendi­
tures have continued to increase since that
time.

B. Controlling Emissions from Mobile
Sources

One of the major areas of interest today
regarding atmospheric quality is control of
air pollution caused by emissions of gases
and particulates from mobile sources.

The effect of motor fuel composition on
air pollution cannot be discussed meaning­
fully as an isolated proposition. The interrela­
tionships between variables in vehicle design
and fuel composition, as they affect emis­
sions, are highly complex and to be treated
effectively must be approached as a total
system. The objective is to achieve the opti­
mum combination to produce the greatest
degree of pollution control per unit of addi­
tional cost.

If government limits its role to
prescribing performance, as it now does, the
record shows that individual manufacturers
will compete to achieve that performance at
minimum cost.

These, then, are the general factors
which have been proved over the years to
have a strong bearing on the efficient and
economical management of change in techni­
cal products and have particular application
to the control of undesirable emissions to the
atmosphere from the use of petroleum fuels
by mobile sources. These points can be illus­
trated by some specific proposals under con­
sideration.

1. Gasoline
Air pollution from the gasoline engine is

rapidly being reduced. Today's new cars
emit less than one-third of the hydrocarbons
and carbon monoxide emitted by the essen­
tially uncontrolled models of the early 1960's,
and the 1971 models are expected to control
at least 85 percent of all hydrocarbon emis­
sions.

a) Hydrocarbon Composition

There have been proposals to change
the hydrocarbon composition of gasoline so
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as to reduce its front-end volatility. When
economic stUdy conclusions are taken to­
gether with the technical evaluations, it be­
comes apparent that a change in volatility
would be inordinately expensive and would
have no significant benefit on total vehicle
hydrocarbon emissions that can be related to
photochemical smog, for the current car pop­
ulation.

b) Lead in Gasoline

Lead antiknock usage is intimately
bound up in the design, operation and
economics of modern gasoline refineries. In
order to meet present premium and regular­
grade octane levels with unleaded gasolines,
it is estimated that the petroleum industry
would have to invest from $6 billion to $7.5
billion for manufacturing facilities. Under
these circumstances unleaded gasolines
would cost more than the corresponding
leaded gasolines. However, lowering octane
requirements for new automobiles would re­
sult in lowering manufacturing costs for gaso­
line and, consequently, reduce its cost to the
consumer.

Nevertheless, the problem is not entirely
one of capital resources and consumer cost.
The physical problems of material and labor
supplies for conversion of the entire industry
to the production of unleaded gasoline must
be considered, as must the time required for
construction of new facilities. It is essential
that any timetable established for solving the
complicated problem of automobile emis­
sions be reasonable and practicable-both
from the standpoint of automotive hardware
and fuel composition.

Regulations prescribing lead contents of
gasoline are inappropriate and unnecessary.
Low-lead and unleaded gasolines are now
generally available and further restrictions on
the use of lead will result in significant tech­
nical and economic effects on the production
of gasoline. Furthermore, the use of lead
alkyl additives in gasoline is by far the most
economical method known to increase the
octane quality of gasoline.

However, if required, regulations for the
reduction of lead in gasoline should be
planned realistically to provide for such re­
ductions as are necessary to reach practical
emission goals at a minimum overall cost to
the public.

2. Other Petroleum Motor Fuels
Recently the performance, emission

characteristics and utility of liquefied and
compressed natural gas (methane) and LPG



Figure 3

Incremental Desulfurization Costs
Per Barrel *

is actually encouraging the use of a high­
sulfur fuel.

Industry, government and the public
must be brought to realize that compromises
will have to be made and the cost of air
pollution ultimately shared by all, and that in
a competitive market the burden of extreme
pollution abatement on some companies may
not be economically bearable. Abatement
programs must take these factors into con­
sideration.

The petroleum industry has made sub­
stantial progress in lowering the sulfur con­
tent of its products. Given adequate lead
time, reasonable fuel sulfur regulations can
be met, but this will entail some additional
cost to the consumer. Reported investments
by domestic refiners for reducing the sulfur
content of fuel products through 1965
amounted to $582.6 million.

Although there are numerous variables
involved which affect the costs of desulfuri­
zation in different cases, Figure 3 illustrates
the relationship of costs of desulfurization to
low-sulfur levels.

(propane and butane) have received increas­
ing attention as possible alternative fuels to
gasoline. As with other fuels, however, the
final decision as to the relative utility of these
fuels must take into account many other
factors.

Economic factors can limit the applica­
tion of LPG and eNG in vehicles. First, the
additional cost of the vehicle fuel system for
a gaseous fuel is a significant factor. The
second unfavorable economic factor for ve­
hicle application of light hydrocarbon fuels is
a motor fuel tax based upon rtf gal without
regard to the energy content! gal of the fuel.

Either methane or propane could pro­
vide substantial benefits to the urban vehicle
pollution problem. Supplies of either fuel
could be expanded sufficiently to handle the
commercial urban fleets which are adaptable
to refueling from centrally located service
centers. However, already-serious supply
limitations and, in some instances, safety
considerations, will limit use of these fuels
for vehicles.

C. Controlling Emissions from Fixed
Sources

A recent book on "The Economics of Air
Pollution" defines the basic air pollution
abatement problem from an economic point
of view as "to reach a given pollution level
by the least costly combination of means
available; the level of pollution should be
achieved at which the cost of a further reduc­
tion would exceed the benefits." Neglect of
cost-benefit considerations in control mea­
sures may lead to restrictive legislation and
air pollution regulations that can only be
viewed as "control for control's sake" and
has the effect of diverting financial resources
from other pressing needs.

Another objectionable regulation permits
the use of high-sulfur solid fuels and restricts
use of liqUid fuels to low-sulfur contents. This
sort of legislation is in effect lowering the
amount of sulfur emitted; however, it is at­
tacking a relatively small source of sulfur and
completely neglecting the larger source of
sulfur. Discriminatory legislation of this type

1.10

1.00

0.90

~ 0.80
~

~ 0.70

~ 0.60
u
:§ 0.50
c
Q)

E 0.40
~

E 0.30

0.20

0.10

0.00
~5 2.0 1.5 1.0 Q5 QO

Percent Sulfur in Residual Oil
• Source: "Desulphurization Costs (for) Residual Fuel
Oil ... Typical Caribbean Refinery ... Venezuelan
Crude Oil," Bechtel Corporation (February 1967).

85



Chapter Nine:

Mobile and
Off-Highway
Equipment­
Emissions and
Trends

Emissions from engines in mobile equip­
ment are two kinds-gaseous and particulate
matter. The important gaseous emissions
are:

• Hydrocarbons (also aldehydes)

• Carbon Monoxide

• Nitrogen Oxides
While the standards for particulate mat­

ter from various engines have not yet been
set, the effect of particulates on visibility,
soiling, etc., is generally indicated by the
weight of the particulates.

Emission trends have been projected,
prior to the enactment of the Clean Air
Amendments of 1970, for a 15-year period
(Figure 4). These projections are useful for
indicating general emission trends and the
relative contribution of emissions from vari­
ous sources. They also provide a good basis
for assessing the progress which is being
made and will be made in controlling the
emissions from mobile and off-highway
equipment. If the standards established by
the 1970 Act prove to be attainable, esti­
mated emissions after the 1975-76 period
would be further reduced.

SECTION 1.
EMISSIONS FROM MOBILE AND
OFF-HIGHWAY EQUIPMENT

Table 15 provides a breakdown of esti­
mated emissions from mobile and off­
highway equipment for the period from 1955
to 1985. Fu rther analysis of emissions from
various types of mobile and off-highway
equipment is contained in the sections which
follow.

Emissions estimates presented in this
chapter are related to the emissions stan-

TABLE 15: Estimated Emissions from Mobile Equipment*
(Millions of Tons per Year)

1955 1960 1965 1970 1975 1980 1985

Hydrocarbon
Autos

----------~-----._- -~---------------
9.9 12.0 13.0 11.0 5.9 2.4 0.9

Trucks & Buses -------------.-------- 1.2 1.4 1.7 1.9 1.7 1.4 1.4
Aircraft ___ • _____ • ___ u __________ ..- _________ .3 .3 ..2 .3 .2 .1 .1
Off-Highway -- ------------------------- .7 .7 .7 .6 .6 .6 .5

Total .. -....- --------_.".--------._"---_. 12.1 14.4 15.6 13.8 8.4 4.5 2.9

Carbon Monoxide
Autos - -.---- .-._-------------------- - 37.3 45.7 55.2 54.3 40.6 24.3 12.7
Trucks & Buses .- ---------.-----_. 11.1 12.7 15.6 17.4 16.2 14.0 14.2
Aircraft _-._0 ___ -__-----------_.__.------_ ... 2.2 1.4 .9 .4 .5 .7 .8
Off-Highway -- _.- --.- -------------- 6.7 6.8 5.7 5.3 5.5 4.4 3.4

Total n --- ----.----._---- - --------_ .. 57.3 66.6 77.4 77.4 62.8 43.4 31.1

Nitrogen Oxide
Autos - ---------------------- ...---_.--.--.- 3.3 4.0 4.8 5.7 5.0 2.8 1.3
Trucks & Buses -- --_ ..-.-------._-- .8 .9 1.1 1.4 1.6 1.5 1.7
Aircraft .. .~--_._-_.

.------~~--_._------- .. .01 .01 .03 .05 .06 .08 .09
Off-Highway -- .~- ._- -----.~-. -----~- ._-- .8 .9 .9 .9 .9 1.1 1.1

Total -- 4.9 5.8 6.8 8.1 7.6 5.5 4.2

Particulate
Autos ___.__ ~____..___ ._~ ._______.u ___ .2 .2 .2 .3 .3 .2 .1
Trucks & Buses _H. __ ~ _._--. ---- .. -~ .1 .1 .1 .2 .2 .2 .2
Aircraft -------- _.__._--------~~- .._~-~----- .01 .01 .02 .04 .04 .04 .05
Off-Highway -. ._--_.

--~ ._----.__ .. .2 .2 .2 .2 .2 .2 .1
Total -- ~_._----~--_. __._--- ---------~ .5 .5 .5 .7 .7 .6 .5

* Bases: 1968 Federal Test Procedure; vehicle registration data supplied by R. L. Polk & Co.
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The summary data in this report show
that the trend of emissions is down from the
emissions peaks which were reached in the
1965-70 period and that by 1985 the peak
emissions are expected to be reduced ap­
proximately by:

dards and factors listed in Table 16 and were
made on the basis of the 1968 Federal Test
Procedure, before the New Federal Test
Procedure incorporating the Constant Vol­
ume Test System (CVS) was pUblished. Be­
cause the emissions levels measured by the
new CVS procedure are higher than those
measured by 1968 procedure, the absolute
emission levels estimated in this study would
be increased if updated to the new CVS ba­
sis. Although the updated emission estimates
would be higher, the trends of the emissions
estimated by the two bases would be similar
and similar conclusions would be drawn.

Hydrocarbons
Carbon Monoxide
Nitrogen Oxides
Particulates

Percent Reduction

80
60
45
40
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The 80-percent reduction in hydrocarbon
emissions and the reduction in the
HC/NO x ratio are particularly important be­
cause hydrocarbons and the HC/NOx ratio
exert an important effect on photochemical
smog. The indicated reduction in hydrocar­
bon emissions is expected to reduce consid­
erably the incidence of photochemical smog
and the severity of its effects.

SECTION 2.
AUTOMOBILE EMISSIONS

lar trends and will be reduced to very low
levels by the end of the forecast period.

The emissions standards and factors
presented in Table 16 indicate the degree to
which the emissions from uncontrolled cars
have been and would be reduced, not con­
sidering the Clean Air Amendments of 1970.
However, technology is not now available to
reduce emissions to the levels established in
the 1970 Amendments for 1975-76. If and
when these standards are met, emissions for
new vehicles as compared to uncontrolled
cars will have been reduced as follows:

The emissions which are estimated to
arise from automobiles are shown .in Figure
5. The emissions standards and factors on
which these estimates are based are given in
Table 16. The trend of carbon monoxide and
hydrocarbon emissions is expected to be
sharply down in the 1970's and by the 1980
to 1985 period will reach very low levels.
Nitrogen oxides and particulates follow simi-

Crankcase
Hydrocarbon
Carbon Monoxide
Nitrogen Oxides
Particu Iates
Evaporative

Percent Reduction
1970 Amendments­

1975-76 Emissions
100
98
97
90
90
95+

TABLE 16: Emissions Standards and Factors: Automobiles * 1

Exhaust Emissions (g/mi)
Carbon Evap. (g/Test)

Crankcase Hyd rocarbon Monoxide Nitrogen Oxides Particulate Hydrocarbon
Year Calif. U.S. Calif. U.S. Calif. U.S. Calif. U.S. Calif. U.S. Calif. U.S.

5.9 5.9 10.6 10.6 73 73 6.4 6.4 .36 .36 2.7 • 2.7 •
61 NIL3
62 NIL3
63 NIL'
64 NIL"

65
66 NIL· 3.4 7 35 7 7
67
68 3.4 7 35 7 7
69

70 2.2 2:2 23 23 6 8

71 4 6 8

72 1.5 3 4
73 1.5 3
74 1.3 1.3

75 .5 .5 12 12 1.0 1.0 .1
80 __________ .2 ,. 5 ]• .4 ,. .03 ]•

Control __ 100% 98% 93% 94% 92% 95%+

* Sources: State of California Motor Vehicle Pollution Control Board, "California Procedure For Testing
Motor Vehicle Exhaust Emissions" (revised March 9, 1966); 33 Fed. Reg. 108, Part II (June 4, 1968); Wall
Street Journal (January 22, 1970).

1 Light-duty vehicles under 6,000 pounds.
2 Uncontrolled cars.
3 Semiclosed system-new cars.
, Semiclosed system-used cars.
• Closed system-new and used cars.

"Closed system-new cars.
7 275 ppm HC, 1.5% CO.
8 Emissions estimated at .05 g/mi.
• Evap. loss estimated at 2.7 g/mi.
,. Figures released by President's Environmental

Quality Council, November 20, 1969.
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Figure 5
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SECTION 3.
TRUCK AND BUS EMISSIONS

Truck and bus emissions data show that
the hydrocarbon and carbon monoxide emis­
sions from trucks and buses will trend down
moderately after reaching peaks in the 1970
period, while nitrogen oxides and particulate
emissions will remain essentially constant,
based on the premises for Table 15.

If the use of diesel engines is greater (at
the expense of gasoline engines) than that
assumed in this study, then these emissions
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estimates could prove to be high. Available
information suggests that emissions from
diesel engines other than smoke are not
much of a problem and can and will be con­
trolled. It further suggests that smoke emis­
sions will be eliminated.

Catalytic converters of various types
may find increasing utilization on city trucks
and buses in the future. It is expected that
during the forecast period units will become
available which will meet the needs of city
truck and bus operation.



SECTION 4.
AIRCRAFT EMISSIONS

Aircraft emissions in Table 15 show the
estimated emissions produced below 3,500
feet from air carrier and general aviation op­
erations. Redesign and retrofitting of jet en­
gine combustors is significantly reducing the
smoke problem.

Thus the total level of pollutants emitted
is low compared to other mobile sources.
Although emissions from aircraft may be a
local annoyance, they are not projected to
become a major factor in the total air pollu­
tion burden over the period covered by this
survey.

SECTION 5.
OFF-HIGHWAY EQUIPMENT EMISSIONS

The emissions from off-highway equip­
ment in Table 15 show that off-highway
equipment emissions are not large and
based on this survey are expected to be­
come even smaller in the future.

SECTION 6.
FACTORS AFFECTING EMISSIONS

Early work showed that gasoline com­
position modifications are generally the most
ineffective way to reduce emissions and that
by far the largest reductions in vehicle emis­
sions were to be achieved by changing en­
gine and vehicle design and operating condi­
tions. This emphasis on changing the engine
and vehicle has been followed for the past
decade, resulting in large reductions in emis­
sions. In order to reduce gasoline engine
emissions to the minimum possible, changes
in gasoline composition and properties are
now being reevaluated to determine their
role in making the "non-polluting" vehicle a
practical reality.

The factors relating to gasoline composi­
tion which have a bearing on the ability to
control evaporation and exhaust emissions
are the volatility of the fuel, its aromatic and
olefinic content, and additives.

A. Motor Fuel Volatility
The properties and characteristics of a

blended motor fuel are controlled by the
amount of the various hydrocarbons in the
blend, with additives being included to pro­
vide specific performance benefits. One of
the most critical and closely controlled prop­
erties of motor fuel that is related to the hy­
drocarbons in the blend is volatility.

Balanced volatility of the motor fuel is
used to indicate the proper proportioning of

the individual blending materials to provide a
fuel that will ensure easy starting, good
mileage, freedom from vapor lock and car­
buretor icing, fast warm-up and minimum
crankcase oil dilution. A proper balance is
obtained by control of the amount of various
blending components to optimize the per­
formance characteristics of the motor fuel for
seasonal changes and different geographical
zones. Very careful control and balance of
the volatility of the motor fuels are needed to
provide fuels that will perform satisfactorily
in the modern automobile engine.

Studies by the Bureau of Mines com­
bined with data for the Los Angeles area in a
joint study of the California Air Resources
Board, Los Angeles County Air Pollution Con­
trol District and the Western Oil and Gas
Association concluded that a reduction in vol­
atility in gasoline would produce no signifi­
cant change in the reactive hydrocarbon
emissions to the atmosphere for this location.

At various times spokesmen for the au­
tomotive industry have proposed that the vol­
atility of gasoline be lowered to reduce the
evaporative emissions of unequipped ve­
hicles and gasoline distribution systems.
More recently one major automobile manu­
facturer suggested that future cars equipped
with advanced exhaust emissions control
devices involving catalytic mufflers may re­
quire more volatile gasoline to improve the
warm-up and cold-starting characteristics. In
that regard, he indicated that (1) a fuel with
the warm-up characteristics of propane but
with lower volatility to avoid propane's fuel
handling and evaporation problems would be
ideal and (2) such a fuel would help to re­
duc~ emissions during the first minute or two
in the new federal key-on to key-off cycle, a
critical period for emissions because the cat­
alytic muffler would be rather inactive in re­
ducing CO and hydrocarbons.

B. Olefinic and Aromatic Content
It has been well established that all hy­

drocarbons do not participate at the same
rate and to the same extent in atmospheric
photochemical reactions nor do they produce
photochemical products which are equally
harmful. This was recognized early in the
study of the Los Angeles smog problem and
led to the limitation on the amount of total
olefins permitted in Los Angeles Basin gaso­
line and to restrictions on the composition of
industrial organic solvents used in that area.

A second joint committee representing
the California Air Resources Board, the Los
Angeles County Air Pollution Control District
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and the Western Oil and Gas Association ex­
amined the net effect of removing the light
olefins. It was concluded that replacing the
light olefins from the gasoline marketed in
Los Angeles County with saturated hydrocar­
bons and maintaining the volatility constant
should reduce the net reactive hydrocarbon
atmospheric emissions only about 7 percent
for the current car population.

The important negative aspect of replac­
ing light olefins, particularly the C-5's, with
saturates is, in the case of unleaded gaso­
lines, a substantial drop in the octane num­
ber. The effect of the octane reduction is
minimized in the case of leaded fuels. When
this octane number drop is considered, it is
evident that light olefins in unleaded gaso­
lines will make an already difficult situation
more difficult.

Of all the hydrocarbons emitted by a
vehicle, aromatics are perhaps the most un­
desirable. By reactivity criteria, aromatics do
not react as rapidly as olefins, but their pho­
tochemical reaction products appear to be
worse with respect to particulate formation,
visibility reduction and eye irritation. The
question of the aromatic content of gasolines
has not been completely resolved, however,
and is being studied intensively.

C. Additives-Lead Antiknocks
In recent years, there has been an in­

creased emphasis on examination of the ad­
ditives used with petroleum fuels as a pos­
sible factor in atmospheric pollution. Lead in
gasoline has been the primary focus of atten­
tion, with statements being made by senior
government officials and automobile spokes­
men to the effect that lead must be eliminated
from gasoline when cars with advanced emis­
sions control systems using catalytic reactors
are produced.

1. Atmospheric Lead Levels
In December 1965, a symposium of

scientific and technical personnel, sponsored
by the Department of Health, Education and
Welfare (HEW), reported, with respect to lead
in gasoline at current usage levels, "no con­
clusive evidence that there is an extensive
problem of effects on health."

Some investigators feel that the present
atmospheric lead levels are safe, while oth­
ers do not share this view. So far as is
known, there has been no evidence found
that the cu rrent ai rborne lead concentration
and exposure levels have produced any im­
portant health effects in normal population.
However, more information is needed and re-
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search to obtain this type of data is still
being conducted on a wide scale.

2. Lead Levels in Gasoline
The other areas of concern over the use

of lead anti knocks involve the effects of lead
on the combustion process and on engine
and emissions control equipment deteriora­
tion.

Probably the qUickest possibility for the
elimination of lead from gasoline is to reduce
the octane requirement of the ~uel by reduc­
ing the compression ratio of automobile en­
gines. Relatively low compression-ratio en­
gines, which might be equivalent to today's
engines requiring regular gasoline, could
then be used in conjunction with catalytic
systems requiring lead-free gasoline. These
engines are used in most 1971 cars, and
therefore cars requiring fuel quality equiva­
lent to today's leaded premium will form a
progressively smaller portion of the total car
population. Unleaded gasoline and catalytic
mufflers, if developed for use, could be intro­
duced in conjunction with the changed en­
gines. However, lower compression ratio
engines are somewhat less efficient in fuel
consumption for equal performance.

It should also be recognized that pro­
ducing a given quantity of unleaded gasoline
requires the use of more crude oil than the
same quantity of leaded gasoline of the same
octane rating.

As indicated in the previous chapter,
voluntary action on the part of the oil industry
has already resulted in general availability of
low-lead and unleaded gasolines. The trend
will undoubtedly continue, bringing about in­
creasing supplies of these types of fuel. If
required, regulations for the reduction of lead
in gasoline should be planned realistically to
provide for such reductions as are necessary
to reach practical emissions goals at a mini­
mum overall cost to the public.

Resolution of the outstanding problems
and the conversion to an unleaded economy,
should this become necessary, would be
speeded by a substantial measure of cooper­
ation between the automotive and petroleum
industries and the Government which is
scarcely possible today because of antitrust
considerations. In this event the Federal
Government should establish procedures un­
der which appropriate information can be de­
veloped by the automotive and petroleum in­
dustries which will lead to a value/benefit
analysis of the continued use of lead. anti­
knocks.



One current proposal for the stated pur­
pose of encouraging the use of low-lead or
unleaded gasolines is a tax on lead com­
pounds used in gasolines. Such a tax would
be grossly discriminatory and would penalize
current owners of pre-1971 model cars who
purchased them in good faith and who had
no indication that the cost of driving these
cars would be increased by such legislation.
The tax would not assure the availability of
low-lead or unleaded gasolines at all loca­
tions but would provide a license to continue
to market leaded fuels for a specified cus­
tomer charge. Moreover, the proposed tax is
for the purpose of stimulating low-lead or
unleaded gasolines. To be consistent with
such a purpose, any gasoline containing 0.5
grams (or less) of lead per gallon should
certainly be exempt from the proposed tax.

If the tax is a success in generating rev­
enue, it would be a failure in reducing the
lead used in gasolines.

Technology for the control of gasoline
engine emissions is now well advanced and
during the survey period will be applied to

production engines to reduce emissions to
low levels. Future work will be directed
toward further development of these
mechanical and gasoline systems and deter­
mination of those possibilities which will
prove to be the most effective, reliable,
economical and acceptable to the consumer.

Catalytic emissions control devices on
vehicles using unleaded gasolines are capa­
ble of achieving very low emissions levels and
will receive increasing attention. By 1980 it is
estimated that these efforts will have pro­
duced an essentially "non-polluting" automo­
bile. Heavy-duty truck and bus engines oper­
ating in congested areas may require special
fuels and control equipment in order to re­
duce emissions to the absolute minimum
levels needed for this service.

At the present time, it appears very un­
likely that any alternate power source will be
developed within the next decade to replace
the internal-combustion engine and provide
lower total undesirable atmospheric emis­
sions.
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Chapter Ten:

Stationary
Plant - Emissions
and Trends

Petroleum products are widely used in
stationary plants for electric power gener­
ation, domestic and commercial heating, and
manufacturing processes. When converted to
fuels they generate emissions as part of the
combustion process. Evaporative emissions
can also occur in commercial processes. The
emissions which are receiving primary atten­
tion because of their impact on atmospheric
quality are sulfur oxides, particulates; nitro­
gen oxides, carbon monoxide and unburned
hydrocarbons.

SECTION 1.
OVERVIEW OF OPERATIONS
AND EMISSIONS

Historically coal has been and is still the
major fuel used in power generation. In the
1970's, low-sulfur petroleum fuels are expect­
ed to acquire a significant portion of the
added fuel requi rements of the electric utility
market from coal.

The electric power industry is currently
the largest single source of sulfur dioxides
and particulate air pollutants from fuel com­
bustion. Emissions from domestic and com­
mercial units are those commonly associated
with fossil fuel burning. Although the total
quantities are less than from power gener­
ation, their effect on ground level concentra­
tion can, in some cases, be greater' since
they are emitted to the atmosphere close to
the ground. Generally speaking, the emis­
sions from manufacturing processes related
to use of petroleum are the result of its being
used as a fuel. Emissions from solvents are a
notable exception.

SECTION 2.
SULFUR OXIDE EMISSIONS
AND CONTROL TECHNIQUES

A. Emissions
Sulfur dioxide (S02) has been a major

pollutant ever since the world started burning

large quantities of soft coal and since the
first smelting of copper sulfide ore.55 Of the
estimated 1965 annual worldwide S02 emis­
sion rate, an estimated 70 percent resulted
from coal combustion and 16 percent from
the combustion of petroleum products, mainly
residual fuel oil. Of the remainder, 10 percent
came from non-ferrous smelting (copper, lead
and zinc) and 4 percent from petroleum re­
fining operations.

A study of the sources of S02 pollution
shows that fossil fuels are responsible for 78
percent of the total S02' with the remaining
22 percent coming from other industrial
sources.56 However, it is estimated that only
19.6 percent of U.S. S02 production is from
burning petroleum fuels, most of which is
residual fuel.

B. Control Techniques
Fuel substitution is simply replacing

high-sulfur fuels with low-sulfur fuels. This
method would be the simplest one if availa­
bility and supply of low-SUlfur-bearing fuels
were no problem. The limited supplies, how­
ever, of low-sulfur liquid or solid fuels and
natural gas could not begin to fulfill the Na­
tion's requirements for fossil fuels.

From the point of view of atmospheric
quality, the greatest gain is to have small
users burn the lowest sulfur fuel available
since they emit pollutants at low altitudes
where the emissions have a greater effect on
ground level concentrations. Larger sources
are better equipped to handle higher sulfur
fuels and, in the future, will either be
equipped with flue-gas desulfurization pro­
cesses, or supplied with low-sulfur fuel, or
both.

Impending and current air pollution reg­
ulations setting strict sulfur specifications on
fuels have hastened the development of de­
sulfurization processes.

The largest single SO~ source, coal, is
the most difficult to desulfurize.

Stationary sources burning petroleum
fuels contribute roughly 16 percent of the
total S02 emitted to the atmosphere. Nearly 90
percent of the sulfur oxides produced by
these petroleum fuels comes from burning
the heavier residual fraction. The most com­
mon method of obtaining low-sulfur (1 %)
fuels is by blending high-sulfur resid with de­
sulfurized low-sulfur vacuum distillates. This
technique is being used to supply most of the
low-sulfur fuel (1 %) to the East Coast mar­
kets. The Caribbean refineries are the major
source of this low-sulfur fuel.

Natural gas specifications usually call
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for very low sulfur specifications; hence burn­
ing of this fuel contributes very little to the
overall S02 problem.

Flue-gas desulfurization processes have
received widespread attention but reliable
commercial application for large installations
is still at least 5 years off. Although impres­
sive advances in research are being made,
stack-gas removal techniques are not likely
to be in wide use in time to meet existing and
proposed legislation targets. When, however,
these processes become practicable, power
plants can utilize high-sulfur fuels more ex­
tensively, thus freeing low-sulfur fuels for
space heating requirements.

Process improvements to increase the
efficiency of the systems so that they use
less fuel will, in turn, reduce S02 emissions.

Plant efficiency improves with increasing
unit size. For example, large modern steam
electric power plants use roughly 8,500 BTu
per kilowatt-hour of electricity compared to
10,000 BTu per kilowatt-hour for older, small­
er plants.

SECTION 3.
PARTICULATES EMISSIONS AND
CONTROL TECHNIQUES

A. Emissions
Of the 11.5 million tons of particulate

matter produced in the United States during
1966,* 6 million tons (52%) were emitted
from industrial sources, including industrial
fuel burning; 3 million tons (26%) from pow­
er generation; 1 million tons (9%) from in­
cineration; 1 million tons (9%) from space
heating; and 0.5 million tons (4%) from mo­
bile sources.ss

Combustion of fuels from stationary
sources, both industrial and power plants, is
the largest particulate source category. The
percentage of heat supplied by each fuel is
by no means proportional to its particulate
emissions. For example, in the New York
metropolitan area, burning of anthracite and
bituminous coals provides only 15 percent of
the area's heat requirements, yet contributes
60 percent of the combustion fuel particulate
total. Residual and distillate fuels produce 63
percent of the heat, but only 37 percent of
the fuel particulate, while natural gas pro-

• A more recent estimate 87 reports nationwide emis­
sions of particulates to have been 28.6 million tons
in 1968. However, this estimate includes apparent (as
opposed to actual) changes due to changes in emis­
sions factors and the inclusion of new sources such
as forest fires (6.7 million tons per year). The net
change in emissions from fuel combustion was re­
ported to be down 0.3 million tons from 1966.

96

vides 22 percent of the heat but only 3 per­
cent of the fuel particulate total.S9

B. Control Techniques
The general methods of controlling par­

ticulate emissions include fuel substitution,
removal of particulates from stack gases,
fuel modification, more efficient fuel utiliza­
tion, relocation of the emission source and
stack dispersion.

Table 17 illustrates relative particulate
emissions resulting from various fuel usages
per unit of energy.

TABLE 17. Comparison of Energy Substitution
Alternatives for Electric Power Generation*

Particulate
Emissions

Energy SUbstitution (lb/10 6 BTu
Alternative input t)

Hydroelectric n •• .n. •••mnnm.h. 0
Nuclear .mmmmm__mmmnmn_mnmm 0
Gas (no control) mn.' .nn_••_mh••_.m 0.02
Oil (no control) ...m __mh_. __h_mhm.m__ 0.07
Coal-90 percent fly ash removal.. 0.67
Coal-99.5 percent fly ash removal 0.03

• HEW Publication No. AP-51 , Control Tech­
niques for Particulate Air Pollutants (January
1969).

t Based on the following gross heating values:
Coal-12,000 BTu/lb at 10 percent ash.
Oil-150,000 BTu/gal.
Gas-1,000 BTu/cu ft.

SECTION 4.
NITROGEN OXIDE EMISSIONS AND
CONTROL TECHNIQUES

A. Emissions
Emissions of man-made oxides of nitro­

gen are mainly caused by combustion pro­
cesses. Worldwide, over 50 percent of the
total is due to coal burning, 42 percent to
petroleum combustion, and 4 percent to
natural gas burning.

In every combustion process, the high
temperatures at the burner and the availabili­
ty of oxygen result in the fixation of some
oxides of nitrogen. The largest concentra­
tions are found in gases from large combus­
tion sources such as steam power plants,
which are operated at high firebox tempera­
tures.

B. Control Techniques
Since the use of a nitrogen-free fuel

does not prevent the formation of oxides of
nitrogen, effective controls must enter into
the burning process of the fuel. Unfortunate-



TABLE 18: Hydrocarbon Emissions Totals from
Stationary Sources

Total nnmum.nh. 9,100,000

Coal mnn.m.nnm••• n.m 200,000

Fuel Oil nm.nm.mnmn 400'000}
Residual Oil .h.nmnn 100,000
Kerosine nn.hmnn__ m. 100,000
Solvents ummm.m..... 3,000,000
Incineration mmu m.m 5,000,000
Wood Burning nhnnn.. 100,000
Forest Fires .mmmhn 200,000
Industrial Processes 00 no data

Iy, for NOx control, conditions which lead to
high NOx production have been deliberately
chosen as desirable for the control of other
air pollutants. High flame temperatures and
excess air have been engineered into com­
bustion processes as a means of controlling
pollution from smoke, carbon monoxide and
unburned hydrocarbons.

Large oil- and gas-fired utility power
plants may quite effectively utilize 2-stage
combustion, flue-gas recirculation, steam or
water injection, and combinations thereof.

SECTION 5.
CARBON MONOXIDE EMISSIONS AND
CONTROL TECHNIQUES

Source

SRI's U.S.
Annual
Total *

(tons/yr)

U.S. P.H.S.
Figures for

1968
(tons/yr)

190,000

110,000

3,160,000
1,480,000

450,000
2,180,000
3,760,000

11,330,000

A. Emissions
Carbon monoxide (CO) is formed when

carbonaceous fuels are burned with insuffici­
ent oxygen. The concentration of CO in urban
areas varies widely with time and location.
CO has long been considered an important
pollutant and for some time it was assumed
that the only sources of CO were combustion
sources. Recent studies, however, have indi­
cated some important natural sources of CO.

Nationally, the quantity of CO emissions
from oil- and gas-fired stationary combustion
sources is insignificant compared to the 99
million tons emitted from all sources. Even
coal-fired sources are estimated at less than
1 percent of the total U.S. CO emissions.

B. Control Techniques
The most common and effective known

techniques for CO control are discussed be­
low.

Replacing space heating with central
power would provide for easier CO control
since a larger installation is better equipped
to control CO. The expense of using electrici­
ty for space heating would hardly be justified
on the basis of CO reduction alone.

Good operational practice is the most
sensible control technique. A well-adjusted
gas-fired boiler may emit less than 1 ppm of
CO but may emit more than 50,000 ppm
(5%) if insufficient combustion air is sup­
plied. For oil burners, proper maintenance of
equipment by all concerned parties is the
best method of CO control.

SECTION 6.
HYDROCARBON AND ORGANIC
EMISSIONS AND CONTROL TECHNIQUES

A. Emissions
The amount of hydrocarbon emissions

from stationary sources in the United States

* Calculated from Stanford Research Insti­
tute's worldwide estimates.

is shown in Table 18.
Organic solvents are derived mainly

from petroleum sources and are used in a
variety of industries such as chemical, drug
and pharmaceutical, and evaporate during
and after application.

Waste disposal by incineration, espe­
cially open burning, also contributes signifi­
cant amounts of hydrocarbons.

B. Control Techniques
By far the most important technique for

controlling organic vapor air pollution is in
the design of basic equipment to efficiently
utilize or completely consume the processed
materials. Failing this, control equipment
should be used in order to reduce organic
emissions.

Hydrocarbon emissions from petroleum­
based solvents can be adequately controlled
by incineration, adsorption or absorption if
the process will allow adequate collection.
However, some sources of hydrocarbon
emissions, such as evaporation from newly
applied paint or other architectural coatings,
cannot be eliminated if a petroleum solvent
is present.

Incineration is the control of organic
emissions by combustion. The objective is to
oxidize completely the organic vapors and
gases from a process or operation that emits
them. Both thermal and catalytic combustion
incinerators are used.

There are two main types of adsorption
control methods to consider: physical ad­
sorption, where the gas is attracted to the
surface of the adsorbent; and chemical ad-
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sorption, where the gas chemically reacts
with the adsorbent.

From an air pollution standpoint, ab­
sorption has been used only to control inor­
ganic compounds, because low concentra­
tions of organic vapors tend to require very
large quantities of absorbent due to a long
residence time.

Condensation is a satisfactory control
for vapor emissions. Many organic vapors,
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due to their high boiling- points, will readily
condense even at low concentrations.

Good operating practices are the most
practical techniques for reducing hydrocar­
bon emissions from existing stationary com­
bustion sources. Adequate combusion time,
high temperature, and a high degree of fuel­
air turbulence will greatly reduce hydrocar­
bon emissions, increase combustion efficien­
cy and reduce fuel consumption.
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Appendices

APPENDIX A

UNITED STATES
DEPARTMENT OF THE INTERIOR

OFFICE OF THE SECRETARY
WASHINGTON, D.C. 20240

April 15, 1969

Dear Mr. Abernathy:

One of the major national concerns today is the increasing pollution of our environment. Our increasing popu­
lation, the growth of our cities and the expansion of our industry all create problems of air and water pollution.
We feel it would be extremely useful and timely if the oil industry could present comments on the proper role of
the industry in formulating or cooperating in corrective actions. A study and report by the National Petroleum
Council would give the industry an opportuntiy to present proposals for the prevention or alleviation of pollution
and would also serve as an indication of the willingness of the petroleum industry to cooperate with Governmental
efforts in pollution abatement.

We, therefore, request that the National Petroleum Council undertake a study of air and water pollution by
petroleum facilities and fuels and the impact of pollution control efforts on industry operations. We suggest that
the study cover current pollution problems in the petroleum industry, measures for prevention of pollution in the
petroleum industry, measures for counteracting accidents resulting in pollution of water by oil and the impact of
pollution control regulations on the supply and cost of petroleum products and natural gas.

We are particularly interested in a study of the major disasters such as those which have resulted from tanker
accidents and offshore well blowouts. We feel that the U.S. oil industry should be a leader in efforts to avoid or
minimize these disasters since it plays such a predominant role in the operation of the facilities involved. This
portion of the study should cover the frequency and causes of past accidents and the probability of future occur­
rences, the trends towards the use of larger facilities and the expected results of such trends, measures taken in
the past to prevent or minimize such disasters, additional preventive and precautionary measures which might be
taken, current research and suggested ideas for additional research for prevention and cleanup of pollution.

The study should also cover other sources of pollution in the petroleum industry. Specific areas are pollution
from salt water flooding, waste oils, and storage and pipeline operations.

We also suggest that the study specifically cover the impact of environmental control regulations on the
availability and cost of petroleum products and natural gas. This part of the study should include a careful analysis
of regulations on raw material development, environmental controls and direct specifications on product properties.

In summary, we believe that this study should reflect efforts to assure that all pertinent facts are placed
before the Government officials who are charged with the making of policy decisions involving pollution control
regulations which may affect oil and gas operations.

Sincerely yours,

/S/ HOLLIS M. DOLE

Assistant Secretary of the Interior

Mr. Jack H. Abernathy
Chairman
National Petroleum Council
1625 K Street, N.W.
Washington, D.C. 20006
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NATIONAL PETROLEUM COUNCIL
COMMITTEE ON ENVIRONMENTAL CONSERVATION­

THE OIL AND GAS INDUSTRIES·

CHAIRMAN
W. W. Keeler
Chairman of the Board
Phillips Petroleum Company

VICE CHAIRMAN (AIR)
John E. Swearingen
Chairman of the Board
Standard Oil Company (Indiana)

Robert O. Anderson
Chairman of the Board
Atlantic Richfield Company

Howard Boyd
Chairman of the Board
EI Paso Natural Gas Company

E. D. Brockett
Chairman of the Board
Gulf Oil Corporation

J. C. Donnell II
President
Marathon Oil Company

Robert H. Gerdes
Chairman of the Executive Committee
Pacific Gas & Electric Company

Maurice F. Granville
President
Texaco Inc.

Leo D. Guttman
President
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Jake L. Hamon
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Fred L. Hartley
President
Union Oil Company of California

Frank N. Ikard
President
American Petroleum Institute

J. K. Jamieson
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Standard Oil Company (New Jersey)

William E. Judd
Chairman
National Oil Fuel Institute

102

SECRETARY
Vincent M. Brown
Executive Director
National Petroleum Council

COCHAIRMAN
Gene P. Morrell
Deputy Assistant Secretary­

Mineral Resources
U.S. Department of the Interior

VICE CHAIRMAN (WATER and LAND)
J. Howard Marshall II
Chairman of the Board
Great Northern Oil Company

John M. Kelly
Independent Operator
Washington, D.C.

Denis B. Kemball-Cook
President
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Glossary

Absorption-the physical assimila~ion of one or more components of a gaseous or liquid phase into a second
phase (liquid or solid) with the equilibrium distribution of absorbed material in the absorbent tending toward
homogeneity, as contrasted to the surface phenomena of adsorption.

Adsorption-the adhesion of molecules of gases or liquids to the surface of other bodies, usually solids, resulting
in a relatively high concentration of the gas or solution at the point of contact.

Aerosol-a suspension of microscopic solid or liquid particles in air or gas, as smoke, fog or mist.
Air Oxidation-oxidation of petroleum products such as asphalt or of spent chemicals for disposal by contacting

with ai r at elevated temperatures. ·
Alkylation-a refinery process for chemically combining isoparaffinic with olefinic hydrocarbons. The product,

alkylate, has high octane value and is blended with motor and aviation gasoline to improve the antiknock
value of the fuel.

Antiknock-the quality of a material to reduce autoignition knock in internal combustion engines.
Aromatic Hydrocarbons-hydrocarbons characterized by the pressure of a six-membered, unsaturated ring struc­

ture of carbon atoms. Examples include benzene, toluene and xylenes.
Ash-the amount of inorganic, nonvolatile matter which re mains after complete' burning of a combustible material.
Asphalt-a brown to black solid or semisolid bituminous substance occurring in nature, but also obtained as the

residue from the refining of certain petroleums and then known as artificial asphalt.
Base Stocks (Gasoline)-a hydrocarbon fraction which makes up the bulk of a commercial gasoline. "Straight-run"

and "cracked" gasolines are examples of a base stock. Smaller quantities of other hydrocarbons called
"blending agents" or "blending components" are added to base stocks to produce a commercial gasoline.

Biochemical Oxygen Demand-the amount of oxygen utilized by organisms in the biochemical oxidation of organ­
ic matter in a waste water in a standard test procedure.

Blending-mixing of components in predetermined and controlled quantities to give a product of desired and
uniform quality.

Bottom Sampling-obtaining a sample by collecting a portion of material on the bottom of a container or pipeline.
Carbon Residue-the amount of carbonaceous material left after evaporation and pyrolysis of an oil.
Catalytic Mufflers-an emissions control device designed to either catalytically oxidize the carbon monoxide and

unburned hydrocarbons or catalytically reduce the nitrogen oxides in the exhaust from internal-combustion
engines.

Catalytic Reforming-a catalytic process to improve the antiknock quality of low-grade naphthas and virgin gaso­
lines by the conversion of naphthenes (such as cyclohexane) and paraffins into higher octane aromatics (such
as benzene, toluene and xylenes). There are about 10 commercially licensed catalytic reforming processes.

Centrifugation-the process of separating two phases of differing density utilizing centrifugal force.
Chemical Oxygen Demand-a measure of the oxygen equivalent required for oxidation by chemical means of

organic and oxidizable inorganic matter present in a waste water.
Chemical Treating (Acidizing of a WeJl)-a technique for increasing the flow of oil from a well. Hydrochloric acid

is introduced into the well to enlarge and reopen pores in oil-bearing limestone formations. An inhibited acid
is used to prevent corrosion of the tubing. Pressure is applied to force the acid into the rock channels and
pores, which causes their softer parts to become soluble. After a predetermined time, the acid is flowed or
pumped out, leaving enlarged pores in the oil-bearing stratum. The acid attacks the limestone formation in
all directions, and, amenable to the law of gravity, the downward pressure is greater than the lateral pres­
sure, assuming equal density of strata. A blanket of calcium chloride or some other heavy inert liquid may
be required at the bottom of the well to arrest the penetration of the acid downward to the saltwater level.

Christmas Tree-the assembly of pipes and valves at the top of the casing of an oil well that controls the flow
of oil from the well.

Coke-the solic;t residue remaining after the destructive distillation of crude petroleum or residual fractions.
Compound-ehemically speaking, a distinct substance formed by the combination of two or more elements in

definite proportions by weight and possessing physical and chemical properties different from those of the
combining elements.

Contaminant-any undesirable substance not normally present in a material or present in an excessive amount.
Contaminants may alter either the physical or chemical properties of a material and thereby interfere with its
desired usage.
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Core Drilling-the act of taking a core. The core bit is attached to the end of the drill pipe; this tool then cuts a
column of rock from the formation being penetratej; the core is then removed and tested for evidences of
oil or gas, and its characteristics are determined. Coring tools permit the taking of full-hole cores, small­
diameter cores and side-wall cores. Many wells are now cored all the way through potentially productive
formations.

Cracking-a process carried out in a refinery reactor in which the large molecules in the charge stock are
broken up into smaller, lower boiling, hydrocarbon molecules, which leave the vessel overhead as unfinished
cracked gasoline, kerosines and gas oils. At the same time, certain of the unstable or reactive molecules
in the charge stock combine to form tar or coke bottoms. The cracking reaction may be carried out with
heat and pressure (thermal cracking) or in the presence of a catalyst (catalytic cracking).

Cryogenic Storage-the low temperature storage of liquefied gases at atmospheric pressure.
Desulfurization-the process for removal of undesirable sulfur or sulfur compounds from petroleum products,

usually by chemical or catalytic processes.
Detergent-a substance having the properties of washing away undesirable substances through lowering of sur­

face tension; wetting, emulsifying and dispersive action; foam formation. Soaps are natural detergents. In a
lubricating oil, it is the property which prevents the accumulation of deposits in engine parts.

Dispersants-additives used to prevent lubricating oil impurities (usually oxidation products) from combining to
form sludge; also, a material used to dissipate oil spills.

Distillation-the general process of vaporizing liquids, generally crude oil or one of its fractions, in a closed
vessel while collecting and condensing the vapors into liquids.

Drilling Mud-a suspension, generally aqueous, used in rotary drilling and pumped down through the drill pipe to
seal off porous zones and to counterbalance the pressure of oil and gas; consists of various substances in a
finely divided state among which bentonite and barite are most common.

Emission Factor-a statistical average of the rate at which air pollutants are emitted from the burning or process­
ing of a given quantity of material.

Fixation-the act or process by which a fluid or a gas becomes or is rendered firm or stable in consistency, and
evaporation or volatilization is prevented.

Flaring-the burning of volatile hydrocarbons in specially designed flares for safety purposes.
Flash-the lowest temperature at which vapors from a petroleum product will ignite momentarily on application

of a flame in a standard test procedure.
Floating Roof-a special type of storage tank roof which floats upon the surface of the product in the tank,

thereby eliminating tank breathing and reducing evaporation losses.
Flocculation-the gathering of suspended particles into aggregations; in drilling fluid a flocculating agent such as

brine may cause the clay particles to flocculate with the result that the solids settle out.
Fog-vapor condensed to fine particles of water suspended in the lower atmosphere; formation is aided by pres­

ence of condensation nuclei such as dust particles.
Fractions-refiner's term for the portions of oils containing a number of hydrocarbon compounds but within certain

boiling ranges, separated from other portions in fractional distillation. They are distinguished from pure com­
pounds which have specified boiling temperatures, not a range.

Fuel Oils-any liquid or liquefiable petroleum product burned for the generation of heat in a furnace or firebox
or for the generation of power in an engine.

Fuel Substitution-the use of an alternative fuel type, instead of installing emissions control equipment, in order
to comply with air pollution regulations.

Gas Oil-a fraction derived in refining petroleum with a boiling range between kerosine and lubricating oil.
Hydraulic Fracturing-method in which sand-water mixtures are forced into underground wells under pressure.

This pressure splits the petroleum-bearing sandstone, thereby allowing the oil to move toward the wells more
freely.

Hydrocracking-the cracking of a distillate or gas oil in the presence of a catalyst and hydrogen to form high­
octane gasoline blending stocks.

Hydrogenation-a refinery process in which hydrogen is added to the molecules of unsaturated (hydrogen­
deficient) hydrocarbon fractions. It plays an important part in the manufacture of high-octane blending stocks
for aviation gasoline, and in the quality improvement of various petroleum products.

Hydrotreating-the removal of sulfur from low-octane gasoline feedstocks by replacement with hydrogen.
Lead-petroleum industry parlance for any motor fuel antiknock additive containing lead.
Liquefied Natural Gas (LNG)-natural gas which has been liquefied at a temperature of minus 258°F for ease of

storage and transportation.
Liquefied Petroleum Gas (LPG)-as a rule, it is a mixture of natural and/or refinery gases reduced to a liquid

and contained under pressure in steel cylinders. It is used as fuel for many different purposes, such as
tractors, buses, trucks and stationary engines; for domestic and industrial purposes; and for power generatior
where commercial natural gas is not available. New uses are constantly being found. A recent developmen
is the use of LPG as a direct quick-freezing agent in the frozen foods industry. It is also known and marketec
as butane, propane, bottled gas, etc.

Mach Number-the ratio of the speed of a body through a fluid to the local speed of sound.
Mercaptans-organic compounds possessing a thiol group (-SH). The simpler mercaptans have a strong, repul·

sive, garlic-like odor which becomes less pronounced with increasing molecular weight.
Motor Gasoline-a volatile, liquid hydrocarbon fuel generally for use in the internal-combustion engine, typically

a blend of six to eight base stocks and additives to obtain proper qualities.
Naphtha-liquid hydrocarbon fractions, generally boiling within the gasoline range, recovered by the distillation

of crude petroleum. It is used as solvents, dry-cle aning agents and charge stocks to reforming units to
make high-octane gasoline.

Natural Gas Liquids-hydrocarbons found in natural gas which may be extracted or isolated as liquefied petro­
leum gas and natural gasoline.
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Neutralization-making neutral or inert, as by the addition of an alkali or an acid solution.
Nutrients-organic and inorganic materials required by microorganisms for normal growth.
Octane Requirement-the minimum octane number necessary to operate a specific internal-combustion engine

without producing an audible knock.
Olefins-a class of unsaturated (hydrogen-deficient) open-chain hydrocarbons of which butene, ethylene and pro­

pylene are examples.
Organic Solvents-ones having an organic source such as alcohols, ketones, esters, etc. When used as a lacquer

solvent, it is known as an organic lacquer solvent.
Oxidation-the chemical reaction or process of combining substances with oxygen, generally taken from the air.

All petroleum products are subject to oxidation.
Oxygen Demand-the oxygen-consuming characteristics of a waste water in a standard test. See Biochemical Oxy-

gen Demand and Chemical Oxygen Demand.
Particulate Matter-any matter, except water, that exists in a finely divided form as a liquid or solid.
Petroleum Solvents-ones derived by the distillation of crude oil of which naphtha is an example.
Petroleum Industry-as used in this report, the term includes both the oil and gas industries.
Photochemical Reactivity-a measure of the ability of a volatile organic material to participate in photochemical

reactions to produce smog.
Photochemical Smog-an eye-irritating atmospheric condition resulting 'from a very complex series of chemical re­

actions involving reactive organic substances and nitrogen oxides and initiated by ultraviolet light from the sun.
Pollutant-any contaminant which when present in the air or water detracts or interferes with its desired usage.
Polymerization-the process of combining two or more simple molecules of the same type, called monomers, to

form a single molecule having the same elements in the same proportion as in the original molecule but
having different molecular weights. The product of the combination is a polymer. The combination of two or
more dissimilar molecules is known as copolymerization. The product of this combination is a copolymer.

Pour Depressant, Pour Point Depressant-an additive which, when added to a wax-containing lubricating oil, re­
duces the solidification temperature of the oil.

Reserves-the quantity of mineral which is calculated to lie within given boundaries. It is described as total (or
gross), workable or probable working, depending on the application of certain arbitrary limits in respect to
deposit thickness, depth, quality, geological conditions and contemporary economic factors. Proved, probable
and possible reserves are other terms used in general mining practice.

Residual Fuel Oils-topped crude petroleum or viscous residuums obtained in refinery operations. Commercial
grades of burner fuel oils Nos. 5 and 6 are residual oils and include Bunker fuels.

Saturated Hydrocarbons-a class of hydrocarbons containing the maximum ratio of hydrogen to carbon atoms and
possessing no double or triple bonds.

Solvent-a substance, usually a liquid, capable of absorbing another liquid, gas or solid to form a homogeneous
mixture.

Stocks-petroleum in storage, both crude and refined products; includes crude awaiting processing and products
awaiting transfer to the point of utilization.

TOVALOP (Tanker Owner Voluntary Agreement Concerning Liability for Oil Pollution)-plan put into effect in 1969
by seven international oil companies, available to all tanker owners who wish to become participants.
TOVALOP provides for reimbursement by participating ship owners to national governments at the rate of
$100 per gross ton of tanker capacity up to $10 million, for expenses reasonably incurred by them to prevent
or clean up pollution of coastlines as a result of the negligent discharge of oil from a participating tanker.

Turbidity-the state or condition of having the transparence or translucence disturbed, as when sediment in water
is stirred up, or when dust, haze, clouds, etc., appear in the atmosphere because of wind or vertical currents.

Vapor Lock-a malfunctioning of carburetor and fuel feed system of motor vehicles caused by' vaporization of
light ends in the gasoline. Vaporization occurs when the temperature at some point in the fuel system ex-
ceeds the boiling point of the volatile light ends. .

Vapor Pressure-the pressure exerted by the vapors released from an oil at a given temperature when enclosed
in an airtight container. For motor gasoline it is a criterion of vapor-lock tendencies; for light products it is
generally an index of storage and handling requirements.

Viscosity-the measure of the internal friction or resistance of an oil to flow.
Volatility-that property of a liquid which denotes its tendency to vaporize.
Well Completion-in a potentially productive formation, the well must be completed in a manner to permit produc­

tion of oil; the walls of the hole above the producing layer (and within it if necessary) must be' supported
against collapse and the entry into the well of fluids from formations other than the producing layer must be
prevented. A string of casing is always run and cemented, at least to the top of the producing layer, for
this purpose. Some geological formations require the use of additional techniques to "complete" a well such
as casing the producing formation and using a "gun perforator" to make entry holes, the use of slotted
pipes, consolidating sand layers with chemical treatment, and the use of surface-actuated underwater robots
for offshore wells.

Well Stimulation-the use of secondary recovery methods such as water-flooding to increase the production rate
of crude oil from a well or to prolong the useful life of the well.
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